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About This Book

The MSC8156 deviceis the fourth generation of Freescale high-end multicore DSP devices. It
builds upon the proven success of the previous multicore DSPs and is designed to bolster the
rapidly changing and expanding wireless markets, such as 3GPP, TD-SCDMA, 3G-LTE, and
WiMAX. 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 MSC8156 device includes six DSP core
subsystems, alarge internal memory subsystem and DDR memory controller for external
memory, and avariety of communication processors and interfaces.

SerDes Interfaces

) PCI Express [¢————p
<4+—»| DM o | Serial RapidlO
¢ »| UART T | Serial RapidlO < >
4—Pp| 12C StarCore 44
<4——P| Timers SC3850 QUICC | Ethernet |[¢——»
Core Subsystem| |[MAPLE|| Engine | Ethernet |¢——p
Module
SPI [¢—»
1
1056 KB M3 512 KB 32KB || 32 KB DDR DDR Interfaces
Memory L2 Cache/ L1 L1 Memory <
M2 Memory ||ICache [|DCache Controller
Per Core Subsystem

Six DSP Core Subsystems

Each DSP core subsystem includes an
SC3850 DSP core, a 32 KB 8-way level
1 ICache, a 32 KB 8-way level 1
DCache, 512 KB level 2 cache
configurable as M2 memory, a memory
management unit, an embedded
programmable interrupt controller (EPIC)
with up to 256 interrupts and 32 priority
levels, two general-purpose 32-bit
timers, an on-chip emulator (OCE), a
debug and profiling unit (DPU), a JTAG
test access port (TAP), and two low-
power operating modes (Wait and Stop).
Interface from the cores to the memories
and external interfaces is through a chip-
level arbitration and switching system
(CLASS).

Memory Subsystem

The memory subsystem includes 1056
KB of shared M3 memory, two DDR-
SDRAM controller to access up to 0.5
GB of DDR2/3 external memory, and a
32-channel direct memory access (DMA)
controller optimized for DDR-SDRAM.

MAPLE-B
The multi-accelerator platform engine
(MAPLE-B) provides Turbo decoding,
Viterbi decoding, FFT and DFT
acceleration.

MSC8156 Reference Manual, Rev. 2

Communications

Processors and Interfaces
Includes a PCI Express interface, two
serial RapidlO® interfaces, four 512-
channel (256 transmit and 256 receive)
TDM interfaces, a UART interface, an
12C interface, eight timer input/outputs,
and a QUICC Engine module with two
1000Base-T Ethernet controllers and an
SPI. In addition, the global interrupt
controller (GIC) consolidates all chip-
maskable and non-maskable interrupts
and routes them to NMI_OUT, INT_OUT,
and to the cores. The hardware
semaphores allow initiators to protect
and reserve the system hardware
resources.
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Before Using This Manual—Important Note

This manual describesthe structure and function of the M SC8156 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 MSC8156. It is assumed that you have a working
knowledge of DSP technology and that you may be familiar with Freescale products based on
StarCore technology.

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 General description, block diagram, features, and architecture
B Functional description with operating modes and example applications and programming
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 modul e 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.
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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 titlesin text 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_BG[2].

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

On the M SC8156 device, the SC3850 cores are 16-bit DSP processors. The following table
shows the SC3850 assembly language data types. For details, see the Star Core SC3850 DSP

Core Reference Manual.
Name SC3850
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 SC3850 C language data types recognized by the StarCore C
compiler. For details, see the Sar 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

MSC8156 Reference Manual, Rev. 2
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Name Size
fractional short 16 bits
long/unsigned long 32 bits
fractional long 32 bits
pointer 32 bits

Conventions for Registers

The Programming Model section of each chapter includes aregister bit table for each register in
that module, as well as a table 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
are indicated with along dash (—). In the RSR shown below, all of the bits are read/write (R/W).
Other registers may include read-only (R) and write-only (W) bits. Notice that the least
significant bit (LSB) is 0, or big-endian order.

RSR Reset Status Register
Bit 31 30 29 28 27 26 25 24 23 2 21 20 19 18 17 16
RSTSRC — | RIO [ sw1 [sw2 | sw3 | — BSF
Type R/W

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

Bt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 10
—  |SwsR[sWHR| — [JPO | JH | Js | — | sw [ - | SRS|HRS
Type R/W

Resest 0 0 0O O o0 0O O 0 O O 0 0 0 0 1 1

Organization

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

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

B Chapter 2, SC3850 Core Overview. Target markets, features, overview of development
tools, descriptive overview of main modules.

B Chapter 3, External Signals. Identifiesthe external signals, lists signal groupings,
including the number of signal connections in each group, and describes each signal
within a functional group.

B Chapter 4, Chip-Level Arbitration and Switching System (CLASS). Describes the
system switch fabric that allows multi-initiator access to the internal memory and devices
and enables high-bandwidth internal data transfers with few bottlenecks.
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B Chapter 5, Reset. Covers reset sources, causes, and configurations; gives examples of
different reset configuration scenarios, including systems with multiple MSC8156
devices.

B Chapter 6, Boot Program. Describes the bootloader program that loads and executes
source code to initialize the M SC8156 after it compl etes areset sequence and programsiits
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.

Chapter 7, Clocks. Contains an overview of the MSC8156 clock modules.

B Chapter 8, General Configuration Registers. Contains a detailed description of the
general configuration registers.

B Chapter 9, Memory Map. Defines the address spaces for all M SC8156 modules; includes
cross references to all registers discussed.

B Chapter 10, MSC8156 SC3850 DSP Subsystem. Describes the structure of the DSP core
subsystem, which includes the SC3850 core, theinstruction cache (ICache), the data cache
(DCache), L2/M2 memory, memory management unit (MMU), two 32-bit timers, the
embedded programmable interrupt controller (EPIC), and the on-chip emulator (OCE).

B Chapter 11, Internal Memory Subsystem. Describes the structure and operation of the
L1 ICache, L1 DCache, L2/M2 memory, and M3 memory.

B Chapter 12, DDR SDRAM Memory Controller. Describes the how the memory
controller interface works and how to program it. Thisinterface increases the efficiency of
accesses through the DDR memory controller to external DDR memory.

B Chapter 13, Interrupt Handling. Discusses the interrupt controllers that provide
maximum flexibility in handling MSC8156 interrupts, enabling interrupts to be handled
by the SC3850 cores internally, by an external host, or by a combination of the two; also
discusses source priority schemes.

B Chapter 14, Direct Memory Access (DMA) Controller. Describes the different DMA
operating modes, transfer types, and buffer types. The chapter also 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. 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.

B Chapter 15, High Speed Serial Interface (HSSI) Subsystem. Describes subsystem that
supports and multiplexes the Serial RapidlO, PCI Express, and SGMII signals across the
dual SerDes PHY ports and how the dedicated DMA controllers support the serial
Rapidl O interfaces and PCI Express interface and how to program them.

B Chapter 16, Serial Rapidl O Controller. Describes the how the serial RapidlO interfaces
work and how to program them.
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B Chapter 17, PCI Express Controller. Describes the how the PCI Expressinterface works
and how to program it.

B Chapter 18, QUICC Engine Subsystem. Describes the QUICC Engine module, the
Ethernet controllers, and the serial peripheral interface (SPI). Detailed information is
referenced in the QUICC Engine™ Block Reference Manual with Protocol Interworking
(QEIWRM).

B Chapter 19, TDM Interface. Describes the four TDM interfaces. Each can handle up to
256 bidirectional channels. The interfaces support the serial bus rate 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.

B Chapter 20, UART. Describes the UART interface, which isafull-duplex seria port
used to communicate with other devices.

B Chapter 21, 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.

B Chapter 22, GPIO. Discusses the thirty-two GPIO signals. Sixteen of the signals can be
configured as external interrupt inputs. Each pin is multiplexed with other signals and can
be configured as a general-purpose input, general-purpose output, or a dedicated
peripheral pin.

B Chapter 23, Hardware Semaphores. Describes the function and programming of the
hardware semaphores, which control resource sharing.

B Chapter 24, 12C. Describesthe 12C interface. which allows the MSC8156 to boot from a
serial EEPROM device.

B Chapter 25, Debugging, Profiling, and Performance Monitoring. Includes aspects of
the JTAG implementation that are specific to the SC3850 core and should be used with the
supporting | EEE® Std. 1149.1™ documentation. The discussion coversthe itemsthat the
standard requires to be defined and provides additional information specific to the
MSC8156 implementation. Also includes debugging resources available in the SC3850
DSP core subsystem, including the OCE modules, and L2 |Cache module.

B Chapter 26, Multi Accelerator Platform Engine, Baseband (MAPLE-B). Describes the
architecture, function, and register and memory structures used by the multi-accel erator
platform engine (MAPLE-B) for Turbo decoding, Viterbi decoding, Fast Fourier
Transform and Discrete Fourier Transform acceleration.
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Other MSC8156 Documentation

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

MSC8156 Technical Data Sheet (M SC8156). Details the signals, AC/DC characteristics,
clock signal characteristics, package and pinout, and electrical design considerations of
the MSC8156 device.

QUICC Engine™ Block Reference Manual with Protocol Interworking (QEIWRM).
Describes al functional blocks supported by the QUICC Engine technology, provides
detailed programming registers and guidelines, and indicates which QUICC Engine
blocks and functionality are supported by specified Freescal e products.

Application Notes. Cover various programming topics related to the StarCore DSP core
and the M SC8156 device.

Further Reading

The following documents are available with a signed non-disclosure agreement (see your
Freescal e representative or distributor for details):

3850 DSP Core Reference Manual. Covers the SC3850 core architecture, control
registers, clock registers, program control, on-chip emulator (OCE), and instruction set.
SC3850 DSP Core Subsystem Reference Manual. Coversthe SC3850 DSP core subsystem
which includes an SC3850 DSP core, amemory management unit (MMU), and instruction
channel with L1 ICache, a data channel with L1 DCache, an embedded programmable
interrupt controller (EPIC), real-time debug support with the core OCE and a JTAG
interface and a debug and profiling unit (DPU), and adual timer.
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Chapter 6, Boot Program

— Updated Figure 6-1.

Updated Steps 10 and 11 in Section 6.1.4, Multi Device Support for the 12C Bus, on page 6-4.
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Chapter 13, Interrupt Handling
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— Removed references to trigger mode including PMLCBO.

— Updated the settings values for DP_TC[CSS] in Table 25-32.

— Updated the list of performance monitor events in Table 25-38.

Jun 2011

Chapter 4, Chip-Level Arbitration and Switching System (CLASS)

— Remove the reference to Target Switch events from Table 4-2

Chapter 8, General Configuration Registers

— Corrected PARTID value in System Part and Revision ID Register (SPRIDR).

Chapter 12, DDR SDRAM Memory Controller

— Updated Figure 12-4 to change length of arrows between banks and total size of each bank
(from 64 Mbytes to 256 Mbytes).

— Changed heading of fourth and fifth columns in Table 12-3 from 32-bit to 64-bit.

Chapter 15, High Speed Serial Interface (HSSI) Subsystem

— Added OCN-toMBus control registers in Section 15.8, HSSI Programming Model.
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— Corrected the values and meanings of the DOSBY and DOSBI bits in Section 26.3.2.1.4,
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Overview 1

The MSC8156 device is the fourth generation of Freescale high-end multicore DSP devices that
target the communications infrastructure and delivers the industry’ s highest level of performance
and integration. It builds upon the proven success of the previous multicore DSPs and is designed
to bolster the rapidly changing and expanding wireless markets, such as 3GPP, TD-SCDMA,
3G-LTE, and WiMAX. The MSC8156 is carefully optimized for minimal cost, power, and area
per channel. The highly flexible, fully-programmable and powerful MSC8156 broadband
wireless access DSP offers tremendous processing power while maintaining a competitive price
and high performance.

The highly integrated MSC8156 DSP device includes the following:

Six StarCore® SC3850 DSP subsystems each running at up to 1 GHz with an architecture
optimized for wireless applications.

Two DDR2/3 memory controllers high-speed industry-standard memory interface.
Multi-Accelerator Platform Engine for Baseband (MAPLE-B) supports hardware
acceleration for Turbo decoding, Viterbi decoding, Fast Fourier Transform and Discrete
Fourier Transform algorithm processing.

High-Speed Seria Interface (HSSI) subsystem that supports

— Two serial RapidlO interfaces

— Two Gigabit serial Ethernet interfaces

— One PCI-Express controller

QUICC Engine RISC-based subsystem to guarantee reliable data transport over packet
networks while significantly off loading such processing from the DSP cores that
supports:

— Two gigabit Ethernet controllers with RGMII and SGMII support
— One SPI

Four 256-channel time-division multiplexing (TDM) interfaces
16 bidirectional channels DMA controller

UART interface

1°C interface

MSC8156 Reference Manual, Rev. 2
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Overview

1.1 Features

The MSC8156 includes the following features:

B StarCore DSP subsystem. The DSP subsystem includes:
— StarCore SC3850 core

Running at up to 1 GHz

Up to 8000 16-bit MMACS. A MAC operation includes a multiply-accumul ate
command with the associated data moves and a pointer update.

Backwards binary compatible with the SC140 and SC3400 architectures.

Data Arithmetic and Logic Unit (DALU) containing 4 ALUSs, each capable of
performing 2 16 x 16 multiply accumulate operations, effectively doubling the
performance of convolution-based kernels relative to the SC3400 core

New instructions double the performance of complex and extended precision
multiplication.

Address Generating Unit (AGU) containing 2 Address Arithmetic Units (AAU)

Up to six instructions executed in asingle clock cycle: 4 DALU and 2 AGU
instructions

Variable-length Execution Set (VLES) execution model.

16 dataregisters, 40 bits each; 27 address registers, 32 bits each.
Hardware support for fractional and integer data types.

Four hardware loops with near-zero cycle overhead

Very rich 16-bit wide orthogonal instruction set.

Application specific instructions for Viterbi and Multimedia.

Specia SIMD (Singleinstruction, multiple data) instructions working on 2-word or
4-byte operands packed in aregister, enabling to perform 2 to 4 operations per
instruction (8 to 16 operations per VLEYS)

New dedicated instructions accelerate FFTs enabling a 40% cycle count reduction
and improved SNR

User and Supervisor privilege levels, supporting a protected SW model
New instructions and features to improve control code performance

Precise exceptions for memory accesses enabling good RTOS support and Soft
Error corrections

Branch Target Buffer (BTB) for acceleration of change of flow operations

— L1 ICache:

32 Kbytes
8 ways with 16 lines of 256 bytes per line
Multi-task support

MSC8156 Reference Manual, Rev. 2
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Features

Real-time support through locking flexible boundaries
Line pre-fetch capability

Software coherency support

Software pre-fetch support by core instructions

— L1 DCache:

32 Kbytes

8 ways with 16 lines of 256 bytes per line

Capable of serving two data accesses in paralel (XA, XB)
Multi-task support

Real-time support through locking flexible boundaries
Software coherency support

Writing policy programmable per memory segment as either write-back or
write-through

0.25 Kbytes Write-back Buffer (WBB)

Six 64-bit entry WTB

Line pre-fetch capability

Software pre-fetch, synchronize, and flush support by core instructions

— Unified L2 Cache/M2 Memory:

512 Kbyte

8 ways with 1024 indexes and a 64 byte line

Physically addressed

Dynamically configured asa DMA accessible M2 Memory

Maximum user flexibility for real time support through address partitioning of the
cache

Support various write policies and methods to reduce cache inclusiveness
Multi-channel, two dimensional software pre-fetch support

Software coherency support with seamless transition from L 1 cache coherency
operation.

— Memory management unit (MMU):

Highly flexible memory mapping capability

Provides virtual to physical address trandation

Provides task protection

Supports multi-tasking

Supports precise interrupts. Enabling to have an open RTOS.

MSC8156 Reference Manual, Rev. 2
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Overview

— Debug and Profiling Unit (DPU) block:

Supports the debugging and profiling of the platform in cooperation with the OCE
Block

Supports various breakpoint and event counting options
Supports real-time tracing to the main memory with the Trace Write Buffer (TWB)

— Extended programmable interrupt controller (EPIC)

256 interrupts
32 priority levels with NMI support

— Two general-purpose 32-bit timers
— Low-power design with the following modes of operation:

Wait processing state for peripheral operation
Stop processing state

— ECC/EDC support.
B Multi Accelerator Platform Engine for Baseband (MAPLE-B)
— Programmable System Interface

Software friendly buffer descriptor based handshake and task assignment.
Support for high priority and low priority tasks via multiple descriptor rings.
Processing elements management and scheduling.

Two master buses for data transfers from/to the system memory at total throughput
up to 50 Ghps.

One slave bus for accessing MAPLE-B internal memories and registers.
Multi-Core Aware.

Interrupt or RapidlO Door Bell generation and/or status bit indication on job or
multiple jobs completion.

System memory utilized only for input/output data, all the internal calculations are
performed using MAPLE-B memories.

— Turbo Decoding

Scalable architecture with 1, 2 or 4 Radix 4 dual-recursion engines.
Supports 3GPP-R6 turbo decoding as specified in 3GPP TS 25.212, section 4.2.3.2.
Supports 3GPP2 turbo decoding as specified in 3GPP2 C.S002, section 2.1.3.1.4.2.

Supports Wimax OFDMA turbo decoding as specified in | EEE® 802.16™-2004
standard and corrigendum | EEE P802.16-2004/Cor2/D2 standard, section
8.4.9.2.3.

Supports 3GLTE (Evolved UTRA) turbo decoding as specified in 3GPP TS 36.212,
section 5.1.2.2.

Programmable Number of Iterations

MSC8156 Reference Manual, Rev. 2

1-4

Freescale Semiconductor



Features

Multiple stop conditions, including built in CRC check and A-Posteriori Quality
Indication.

Programmabl e de-puncturing schemes including support for rate-de-matching in
3GPP (and 3G LTE).

Binary and Duo-Binary turbo codes.

Support for trellis termination bits and tail biting.

Decoding techniques using: Max Log Map or Linear Log Map (MAX*) including
extrinsic factorization.

8-hit soft symbol inputs with Hard or Soft decision outputs.

— Viterbi Decoding

Supports 3GPP-R6 viterbi decoding as specified in 3GPP TS 25.212, section
4.2.3.1.

Supports 3GPP2 viterbi decoding as specified in 3GPP2 C.S002, section
2.1.3.14.1.

SupportsWimax OFDMA channel decoding as specified in | EEE 802.16-2004 and
corrigendum | EEE P802.16-2004/Cor2/D2, section 8.4.9.2.1.

Supports 3GLTE (Evolved UTRA) channel decoding as specified in 3SGPP TS
36.212, section 5.1.2.1.

Fully programmable polynomials

Programmabl e schemes for supporting various rates/puncturing cases (e.g. 1/2,
13).

Support for zero tailing.

Support for tail-bitting with multiple-iteration or WAVA* approaches.

8-hit soft symbol inputs with Hard or Soft decision outputs.

— FFT/iFFT and DFT/iDFT processing

Variable lengths FFT/iIFFT processing of lengths 128, 256, 512, 1024 and 2048.
Variable lengths DFT/iDFT processing of the form 2X.3™.5".12, up to 1536 points.
Mixed radix implementation using R2, R3, R4, R5 and R8 building blocks.

16-bit I, 16-bit Q input, output and twiddles resolutions.

Input and output 1/Q samples are interleaved in memory.

Internal twiddles memory.

— CRC processing with the following features:

Four possible polynomials

CRC check or CRC calculation for block sizes of up to 128 Kb
Optional byte reverse CRC processing

CRC processing with throughput of up to 12 Gbps at 450 MHz

MSC8156 Reference Manual, Rev. 2
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— When it is not required, the MAPLE-B power can be disabled internally to reduce
overall device power consumption.

B Chip-level arbitration and switching system (CLASS)

— A full fabric that arbitrates between the DSP cores and other CLASS masters to the
core M2 memory, shared M3 memory, DDR SDRAM controllers, MAPLE-B, and the
device configuration control and status registers (CCSRs).

— High bandwidth.

— Non-blocking allows parallel accesses from multiple initiators to multiple targets.

— Fully pipelined.

— Low latency.

— Per target arbitration highly optimized to the target characteristics using prioritized
round-robin arbitration.

— Reduces data flow bottlenecks and enables high-bandwidth internal data transfers.

B Internal memory. The 4608 Kbyte internal memory space includes:

— 32 Kbyte L1 ICache per core.

— 32 Kbyte L1 DCache per core.

— 512 Kbyte unified L2 Cache/ M2 Memory per core.

— 1056 Kbyte shared M3 memory. 1024 Kbyte of M3 memory can be turned off to save
power, if necessary, which reduces the M3 memory size to 32 Kbyte.

— 96 Kbyte boot ROM accessible from the cores.

B Clocks
— Threeinput clocks:
* Input clock.
» Two differential input clocks (one per each serial RapidlO PLL).
— FivePLLs:
e ThreesystemPLLsS
* Two Serial RapidlO PLLs.
— Clock ratios selected during reset viareset configuration pins.
— Clock modes user-configurable after reset.
B Two DDR Controllers, each supporting:

— Up to 400 MHz clock rate (800 MHz datarate).

— Supports both DDR2 and DDR3 devices

— Programmabl e timing supporting both DDR2 and DDR3 SDRAM (but not
simultaneously)

— Support for a 64-hit datainterface (72 bitsincluding ECC), up to 800 MHz datarate,
for DDR2 and DDR3

— Support for a 32-bit data interface (40 bitsincluding ECC), up to 800 MHz data rate,
for DDR2 and DDR3

MSC8156 Reference Manual, Rev. 2
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— Full ECC support for single-bit error correction and multi-bit error detection up to the
maximum specified data rates for DDR2 and DDR3

— Two banks of memory viatwo chip selects. Each chip select supports up to 512
Mbytes, but the sum of the memory cannot exceed 512 Mbyte total (1 Gbyte total for
the two controllers).

— DRAM chip configurations from 64 Mbits to 4 Gbits with x8/x16 data ports

— Support burst lengths of 4 beats for DDR2 devices

— Support burst lengths of 4 (burst chop) and 8 beats for DDR3 devices

— Sleep mode support for self-refresh SDRAM

— On-die termination support

— Supports auto refreshing

— Support for both Unbuffered and Registered DIMMs

®m DMA Controller

— 32 unidirectiona channels, providing up to 16 memory-to-memory channels.

— Buffer descriptor programing model.

— Up to 1024 buffer descriptors per channel direction provide atotal of 32 Kbyte buffer
descriptors. Buffer descriptors can reside in M2 or DDR memories.

— Priority-based time-multiplexing between channel s, using four internal priority groups
with round-robin arbitration between channels on equal priority group.

— Earliest deadline first (EDF) priority scheme that assures task completion on time.

— Flexible channel configuration with all channels supporting all features.

— A flexible buffer configuration, including:
» Simple buffers
» Cyclic buffers
» Single address buffers (1/0 device).
* Incremental address buffers
» Chained buffers
e 1D to 4D buffers, optimized for video applications
e 1D or 24D complex buffers, acombination of buffer types

— Two external DMA request (DREQ) and two DONE signal linesthat allow an external
deviceto trigger DMA transfers.

— High bandwidth

— Optimized for DDR SDRAM

B High-Speed Serial Interface (HSSI)

— Serial RapidlO® Subsystem

» Two seria RapidlO ports supporting x1/x4 operation up to 3.125 Gbaud with a
Rapidl O messaging unit and two RapidlO DMA units.

MSC8156 Reference Manual, Rev. 2
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Each x1/x4 serial Rapidl O endpoint operates at 1.25/2.5/3.125 Gbaud and complies
with the following parts of Specification 1.2 of the Rapidl O trade association
interconnect specification:

— Part | (input and output logical specifications)

— Part 11 (message passing logical specification)

— Part 111 (common transport specification)

— Part VI (physical layer x1 LP-serial specification)
— Part VIII (error management extension specification)

Each serial Rapidl O port supports read, write, messages, doorbells, and
mai ntenance accesses.

— Small and large transport information field only
— All priorities flow

— Pass-through between the two ports that allows cascading devices using the
serial RapidlO and enabling message/data path between the two serial RapidlO
ports without core intervention. A message/data that is not designated for the
specific device passes through it to the next device.

RapidlO Messaging Unit supports:
— Two outbound message queues
— Two inbound message queues
— One outbound doorbell queue
— One inbound doorbell queue
— One inbound port-write queue

Each RapidlO DMA unit supports:

— Four high-speed/high-bandwidth channels accessible by local and remote
masters

— Basic DMA operation modes (direct, simple chaining)
— Extended DMA operation modes (advanced chaining and stride capability)
— Programmable bandwidth control between channels

— Upto 256 bytesfor DMA sub-block transfers to maximize performance over
the Rapidl O interface

— Three priority levels supported for source and destination transactions

— PCI-Express Control ler

Complies with the PCI Express™ Base Specification, Revision 1.0a
Supports root complex (RC) and endpoint (EP) configurations

MSC8156 Reference Manual, Rev. 2
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e 32- and 64-hit address support
e x4, x2, and x1 link support
» Supports accessesto all PCl Express memory and 1/0O address spaces (requestor

only)
e Supports posting of processor-to-PCl Express and PCl Express-to-memory write

» Supports strong and relaxed transaction ordering rules

» PCI Express configuration registers (type O in EP mode, type 1 in RC mode)
» Baseline and advanced error reporting support

e Onevirtual channel (VCO)

o 256-byte maximum payload size (MAX_PAYLOAD_SIZE)

» Supportsthree inbound general-purpose transl ation windows and one configuration
window

» Supports four outbound translation windows and one default window

» Supports eight non-posted and four posted PCI Express transactions

» Supportsupto six priority O internal platform reads and eight priority 0 to 2 internal
platform writes. (The maximum number of outstanding transactions at any given
timeiseight.)

» Credit-based flow control management

» Supports PCI Express messages and interrupts

— Dual x4 SerDes Ports:

» Port 1 supports x4 serial RapidlO interface or x1 serial RapidlO interface and two
SGMII ports

» Port 2 supports x1/x4 serial RapidlO interface or x1/x2/x4 PCl Express interface
and two SGMI| ports

B The QUICC Engine subsystem includes dual RISC processors and 48-K byte multi-master
RAM to handle the Ethernet and SPI interfaces, thus off loading the tasks from the cores.
The three communication controllers support:

— Two Ethernet Controllers
» Two Ethernet physical interfaces:
— 1000 Mbps SGMII protocol using a4-pin SerDes interface multiplexed through
the HSSI SerDes port.
— 1000 Mbps RGMII protocol

» MAC-to-MAC connection in all modes

* Full-duplex operations

* Full-duplex flow control feature (I EEE Std. 802.3x™)

* Receive flow control frames

« Detection of all erroneous frames as defined by | EEE Std. 802.3%-2002

MSC8156 Reference Manual, Rev. 2
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Multi-buffer data structure

Diagnostic modes: Internal and external loopback mode and echo mode
Serial management interface MDC/MDIO

Transmitter network management and diagnostics

Recelver network management and diagnostics

VLAN Support

|EEE Std. 802.1p/Q™ QoS

Eight Tx/Rx queues

Queuing decision for IPPIMAC/UDP filtering based on MAC destination addresses,
| P destination address, and UDP destination port

Programmable maximum frame length

Enhanced MIB statistics

Optional shift of data buffer by two bytes for L3 header alignments
Extended features

— IP header checksum verification and calculation

— Parsing of frame headers and adding a frame control block at the frame head,
containing L3 and L4 information for CPU acceleration

Seria peripheral interface (SPI)

Four-signal interface (SPIMOSI, SPIMISO, SPICLK and SPISEL)
Full-duplex operation

Works with 32-bit data characters, or with arange from 4-bit to 16-bit data
characterssSupports back-to-back character transmission and reception

Supports master or slave SPI mode
Supports multiple-master environment
Continuous transfer mode for automatic scanning of a peripheral

Maximum clock rate is (QUICC Engine clock)/8 in master mode and (QUICC
Engine clock)/4 in slave mode (not in back-to-back operation)

Independent programmable baud rate generator
Programmabl e clock phase and polarity

Local loopback capability for testing

Open-drain outputs support multimaster configuration

Communication with Ethernet PHY for configuration and status (M1IMCOM-MI|
management communication protocol)

Multi-MIIMCOM environment with up to 32 PHY's
Programmabl e clock gap between two characters in master mode

MSC8156 Reference Manual, Rev. 2
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e Controlled by the DSP cores and the QUICC Engine RISC processors according to
user configuration.

H TDM

— Backward-compatible with the M SC8102/M SC812x/M SC814x TDM interface

— All the four TDM modul es together support up to 1K time-slots for receive and 1K
time-dlots for transmit

— Up to four independent TDM modules:

* Independent receive and transmit mode. Independent transmitter and receiver.
Transmitter input clock, output data, and frame sync can be configured as either
input or output. Up to 256 transmit channels and up to 256 receive channels.
Recelver input clock, input data, and input frame sync.

» Shared sync and clock mode. Two receive and two transmit links share the same
clock and frame sync. The sync can be configured as either input or output. Up to
128 transmit channels and 128 receive channels.

» Shared data link. Up to four full-duplex data links can operate as either transmit or
receive. All links have the same clock and frame sync. Each link supportsup to 128
channels.

— Word size of 2, 4, 8, or 16-bit. All the channels share the same size,

— Hardware A-law/u-law conversion

— Upto 62.5 Mbps datarate for all TDM modules

— Upto 16 Mbyte per channel buffer (granularity 8 bytes), where A/u law buffer size has
double size (16-byte granularity)

— Separate or shared interrupts for receive and transmit with two programmable receive
and two programmable transmit thresholds for double buffering

— Each channel can be programmed as active or inactive

— Support either 0.5 ms (4 frames) or 1 ms (8 frames) latency

— Glueless interface to EL/T1 framers

B |/O Interrupt Concentrator consolidates all chip maskable interrupt and non-maskable
interrupt sources and routes them to INT_OUT, NMI_OUT, and the cores,

B UART

— Bit rate up to 6.25 Mbps

— Two signals for transmit data and receive data

— 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

— Programmabl e transmitter output polarity

— Separate receiver and transmitter interrupt requests

— Receiver framing error detection

MSC8156 Reference Manual, Rev. 2
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— Hardware parity checking

— 1/16 bit-time noise detection

— Single-wire and loop operations
Timers

— Two general-purpose 32-bit timers for RTOS support per SC3850 core
— Four TMR modules, each with the following features:

* Four 16-bit timers

» Cascadable timers

e Count up/down

* Programmable count modulo

» Count once or repeatedly

* Counters are preload able

o Compare registers can be preloaded

» Counters can share available inputs

» Separate prescaler for each counter

» Each counter has capture and compare capability

e Can useone of the following clock sources: system clock, TDM clock input, or
external clock input

— Eight software watchdog timer (SWT) modules

Eight programmabl e hardware semaphores, locked by simple write access without need

for read-modify-write operation by the DSP core.

Virtua interrupts

— Generation of 32 virtual interrupts by a simple write access

— Generation of virtual Nmi by a simple write access

12C interface

— Two-wire interface

— Multi-master operational

— Calling address identification interrupt

— START and STOP signal generation/detection

— Acknowledge bit generation/detection

— Bus busy detection

— Programmabl e clock frequency

— On-chip filtering for spikes on the bus

Genera -purpose input/output (GPIO) ports:

— 32 GPIO ports

— Each GPIO port can either serve the on-device peripherals or act as a programmable
1/O pin

— Sixteen GPIO pins can be configured as external interrupt inputs

MSC8156 Reference Manual, Rev. 2
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Block Diagram

— All ports are bidirectional
— All ports are set as GPIO inputs at system reset
— All port values can be read while the pin is connected to an internal peripheral
— All ports have open-drain output capability
B Boot interface options:
— Ethernet
— Seria RapidlO interface

B JTAG. Test Access Port (TAP) and Boundary Scan Architecture designed to comply with
|EEE Std. 1149.1™.
B Reduced power dissipation
— Very low power CMOS design
— Low-power standby modes
— Optimized power management circuitry (instruction-dependent, peripheral-dependent,
and mode-dependent)
— Technology: The MSC8156 device is manufactured using CMOS 45 nm SOI
technol ogy.

1.2 Block Diagram
A block diagram of the MSC8156 is shown in Figure 1-1.

DDR Interface 64/32-bit T T DDR Interface 64/32-bit
1/O-Interrupt
JTAG DDR DDR M3 Memory » Concentrator €
Controller Controller 1056 Kbyte — P UART <>
T T T ‘ . Clocks <—
CLASS —»  Timers <>
TTf ﬁ} f —» Reset <>
High-Speed Serial Interface
—» Semaphores
: DMA DMA
SC3850 N QUICC Engine Virtual
DSP Core MAPLE-B 5 B Subsystem Serial | Serial | pcy | [ Interrupts
@ 'E]l?y[e - E]t_)yte 5= = Tgrbo{ )§> g Dual RISC Processors semil RapidlO RapidlO Expr » Boot ROM
icache | Dcache IDFT IFFT | Viterbi 0 SPI | Ethernet | Ethernet 2
512 Kbyte ¢ ¢ > |2C >
L G ) SerDes 1 | SerDes 2 Ly Other
Six DSP Cores at 1 GHz Modules
Four TDMs 256-Channels each %4 3.125 Ghaud
SPIRGMII RGMII PCI-EX x1/x2/x4
Two SGMII
x4 3.125 Gbaud
Note: The arrow direction indicates master or slave. Two SGMII

Figure 1-1. MSC8156 Block Diagram
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1.3 Architecture

The MSC8156 architecture is carefully optimized to achieve the maximum channel density for a
given device area, power, and cost. Also, the MSC8156 is a derivative of the same system
internal platform Freescale uses to implement new DSPs. Therefore, Freescale can swiftly spin
off DSP devices from the same platform and provide the customer with familiar modules and
programming models.

1.4 StarCore SC3850 DSP Subsystem

Figure 1-2 shows the block diagram of the StarCore SC3850 DSP subsystem, which contains
the SC3850 core, the | Cache, the DCache, the MMU for task and memory protection and address
trandation and two write buffers. In addition, there is an interrupt controller, two timers, a debug
and profiling unit, and a trace write buffer. The SC3850 core fetches instructions through a
128-bit wide program bus (P-bus), and it fetches data through two 64-bit wide data buses (Xa-bus
and Xb-bus). After abrief overview of the DSP platform, this section presents a subsection on
each part of the platform.

128 bits master 128 bits slave
bus to CLASS bus from CLASS Interrupts
512 Kbyte L2 Cache / M2 Memor l .
Y y EPIC Timer

|QBUST T DQBU; T T

T v

Protection

TWB

T

Debug Support Write- Write-

I32th¥te Through 32 Kbyte | | Back Address
nstruction Buffer Data Buffer Translation
OCE30|| DPU

Cache (WTB) Cache (WBB) MMU

e i

SC3850 Xa-bus
Coe Xb-bus

Figure 1-2. StarCore SC3850 DSP Subsystem Block Diagram

Instruction/data read accesses are performed as follows:

B Non-cacheable instructions/data are read from the target memory (for example, M2
memory).

B Cacheable instructions/data are read from the | Cache/DCache. If they do not reside in the
cache (amiss), they arefirst fetched directly from the target memory.

MSC8156 Reference Manual, Rev. 2
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There are three write policies when writing data outside the core:

StarCore SC3850 DSP Subsystem

B Cacheable write-back. Information is written only to the cache. The modified cache lines
are written to main memory only when they are replaced. The subsequent write-back
buffer is combined with the write-allocate write-miss policy in which the required lines
are loaded to the cache whenever a write-miss occurs.
Cacheable write-through. Both the cache and the higher-level memory are updated during
every write operation. In the StarCore SC3850 DSP subsystem, the write-through buffer is
anon-write allocate buffer. Therefore, a cacheable write-through access does not update
the cache unless thereis a hit.

Non-cacheable. The writeis direct to memory and is not written to the cache. A hazard

mechanism ensures that read accesses read updated data.

The DSP subsystem supports a Real-Time Operating System (RTOS) asfollows:

B Virtual-to-physical address trandlation in the MMU.
B Two privilege levels: user and supervisor.

B Memory protection.
B Precise exceptions upon an MMU violation enabling dynamic memory management.

The embedded programmable interrupt controller (EPIC) handles up to 256 interrupts with 32
priorities, 222 of which are external platform inputs.

1.4.1 Enhancements

Table 1-1 summarizes the magjor improvements and benefits of the SC3850 DSP core and
subsystem. For enhancement details, see the SC3850 DSP Core Reference Manual.

Table 1-1. SC3850 DSP Core and Subsystem Major Benefits

 Unified program and data

Type A .
No. Feature DSP/Control Highlights Benefit
1 Dual Multiply DSP » Eight 16 x 16 multiplications per | Double the throughput of convolution
ALU cycle based kernels, complex arithmetics,
» Complex operations and mixed/double precision
» Mixed/Double precision multiplications
multiplications support
3 Condition Control  Parallel condition computation Accelerate decision making in control
Handling code
instruction set
architecture
4 Microarchitecture Both * HW loop stall removal Significant control cycle improvements
core stall » BTB enlargement and a friendlier compiler target
reduction » Deeper speculation depth
» Misc. stall reductions
5 Private L2 cache Both * Low latency Significant out-of-the-box improvement

MSC8156 Reference Manual, Rev. 2
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Table 1-1. SC3850 DSP Core and Subsystem Major Benefits (Continued)

Type I .
No. Feature DSP/Control Highlights Benefit
6 Cache instruction Both » Cache fetch Significant increase in core utilization
set architecture » Cache flush/sync Simplified cache coherency
» Cache allocation management
7 Microarchitecture Both « Write stall hiding Significant increase in core utilization
cache stall » Read contention buffer
reduction

1.4.2 StarCore SC3850 DSP Core

The SC3850 coreis aflexible, programmable DSP core that handles compute-intensive
communications applications, providing high performance, low power, and high code density. It
isfully binary-backward compatible with the MSC8101, M SC8102, MSC8103, MSC8112,
MSC8113, MSC8122, MSC8126, MSC8144, and MSC8144E DSPs, and it introduces many new
features and enhancements.

The SC3850 core includes adataarithmetic logic unit (DALU) that contains four arithmetic logic
units (ALUSs). The core also includes an address generation unit (AGU) that contains two address
arithmetic units. The SC3850 efficiently deploys the variable-length execution set (VLES)
execution model, allowing grouping of up to 4 DALU and 2 AGU instructions in asingle clock
cycle without sacrificing code size for unused execution slots.

Each ALU hastwo 16-bit x 16-bit multipliers and a 40-bit accumulation capability, a 40-bit
parallel barrel shifter and a 40-bit adder/subtractor. Each ALU performs one MAC operation per
clock cycle, so asingle core running at 1 GHz can perform up to 8 GMACS. Each AAU in the
AGU can perform one address cal culation and drive one data memory access per cycle. Data
access widths are flexible from 8 to 64 bits. The AGU can support a throughput of up to 128
Gbps between the core and the memory.

Arithmetic operations use both fractional and integer data types, enabling the user to choose an
individual style of code development or to use coding techniques derived from an
application-specific standard. Parts of many algorithms use data with reduced width such as 8 or
16 bits. For better efficiency, the SC3850 core also supports single-instruction multiple-data
(SIMD) instructions working on 2-word or 4-byte operands packed in aregister. This packing
allows the core to perform 2 to 4 operations per instruction (a maximum of 10 to 18 operation per
VLES including AGU operations).

A new dual 20-bit packed data format enables you to accumulate two multiplication results from
the dual multiply ALU into asingle register with guard bits. Alternatively, accumulation of both
multiplies can be combined into a single 40-bit accumulator (dot product). In addition, the
SC3850 supports specia instructions to support special operations, such as Viterbi and video
applications.

MSC8156 Reference Manual, Rev. 2
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Although the SC3850 isa DSP, the rich instruction set also gives special attention to control
code, making the SC3850 core ideal for applications that embed DSP and communications
operations as general control code. Among the features that support control code are the
interlocked pipeline that solves dependency hazards. The powerful SC3850 compiler translates
code written in C/C++ into parallel fetch sets and maintains high code density and/or high
performance by taking advantage of these features and the compiler-friendly instruction set. Even
compiled pure control code yields results with high code density.

The SC3850 core supports general micro-controller capabilities, making it a suitable target for
advanced operating systems. These capabilities include support for user and supervisor privilege
levels that enable (with the off-core MMU) a protected software model implementation. Precise
exceptions for memory accesses allow implementation of advanced memory management
schemes and soft error correction.

The SC3850 core includes a dynamic branch prediction mechanism that contains a 48-entry
branch target buffer (BTB) to improve performance by reducing the change of flow latency.

1.4.3 L1 Instruction Cache

The instruction channel, which comprises the instruction cache (ICache) and the instruction fetch
unit (IFU), providesthe corewith instructionsthat are stored in higher-level memory. The ICache
operates at core speed and stores recently accessed instructions. Whenever an addressed
instruction (from the cacheable memory area) isfound in the array, it isimmediately made
availableto the core (ICache hit). When the required address is not found in the array, it isloaded
to the | Cache from the external (off-subsystem) memory by the IFU (1Cache miss). The IFU
operates in parallel with the core to implement a HW line prefetching algorithm that |oads the

| Cache with information that has a high probability of being needed soon. This action reducesthe
number of cache misses. When an instruction is addressed from a non-cacheable area, the |IFU
fetchesit directly to the XP bus of the core without writing it to the cache.

1.4.4 L1 Data Cache

The data channel comprises the data cache (DCache), the data fetch unit (DFU), the data control
unit (DCU), the write-back buffer (WBB), and the write-through buffer (WTB). This two-way
channel reads and writes information from the core to/from higher-level memory (M2 or L2) and
control memory (internal blocks and external peripherals) spaces.

The DCache, which operates at core speed, keeps the recently accessed data. When addressed
data (from a cacheable memory area) isfound in the array, it isimmediately made availableto the
core (DCache hit) in aread and updated if written to. When the required address is not found in
the array, a DCache miss occurs, and the DFU |oads the data to the DCache from the external
(off-subsysterm) memory and drivesit to the core. The DFU operatesin parallel with the core and
implements aHW line prefetch algorithm that |oads the DCache with information that has a high
probability of being needed soon, thus reducing the number of data cache misses.
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The channel differentiates between cacheable and non-cacheable addresses. For cacheable
addresses, it supports the write-back allocate and write-through writing policies. The selection is
made on an address segment basis, as programmed in the MMU. The data channel supports the
arrangement of datain big-endian formats. Core data types can be byte, word, long (4 bytes), or 2
long (8 bytes) wide.

1.4.5 L2 Unified Cache/M2 Memory

The L2 cache processes data and program accesses to the external M3/DDR memory. Caching
the accesses requested by the L1 subsystem reduces the average penalty of accessing the high
latency M3. The L2 cache includes a slave arbitration and tag unit, cache logic and arrays, along
with awrite buffer for write back and write through accesses, fetch logic to fetch data from the
off platform memory upon amiss or a non-cacheable access, and a master arbiter that arbitrates
between the different internal units.

1.4.6 Memory Management Unit (MMU)
The MMU performs three main functions:

B Memory hardware protection for instruction and data access with two privilege levels
(user and supervisor).

B High-speed address trandlation from virtual to physical address to support memory
relocation.

B Cache and bus controls for advanced memory management

Memory protection increases the reliability of the system so that errant tasks cannot ruin the
privileged state and the state of other tasks. Program and data accesses from the core can occur at
either the user or supervisor level. The MMU checks each access to determine whether it matches
the permissions defined for this task in the memory attributes and trandation table (MATT). If it
does not, the accessis killed and a memory exception is generated.

1.4.7 Debug and Profiling Unit (DPU)

The on-chip emulator (OCE) and the debug and profiling unit (DPU) are hardware blocks for
debugging and profiling. The OCE performs the following tasks:

B Communicates with the host debugger through the SoC JTAG test access port (TAP)
controller
B Enablesthe SC3850 core to enter the debug processing state upon a varied set of
conditions to:
— Single step
— Execute core commands inserted from the host debugger to upload and download
memory and core registers.

MSC8156 Reference Manual, Rev. 2
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B Setsup to six address-related breakpoints on either PC or a data address
B Sets adata breakpoint on adata value, optionally combined with a data address

B Generates the PC tracing flow, optionally filtered to a subset of events such as only
jumps/returns from subroutine, interrupts, and so on.

The DPU has the following characteristics:

B Enables parallel counting of subsystem eventsin six dedicated counters, from more than
40 events

B Filters, processes, and adds task 1D and profiling information on the OCE PC trace
information

1.4.8 Extended Programmable Interrupt Controller

The internal extended programmable interrupt controller (EPIC) manages internal and external
interrupts. The EPIC handles up to 256 interrupts, 222 of which are external subsystem inputs.
Therest of the interrupts serve internal subsystem conditions. The external interrupts can be
configured as either maskable interrupts or non-maskable interrupts (NMIs). The EPIC can
handle 33 levels of interrupt priorities, of which 32 levels are maskable at the coreand 1 level is
NMI.

1.49 Timer

The timer block includes two 32-bit general-purpose counters with pre-loading capability. It
counts clocks at the core frequency. It isintended mainly for operating system use.

1.5 MAPLE-B

The MAPLE-B isabaseband agorithm accelerator for Turbo, Viterbi, FFT/iFFT, and DFT/iDFT
algorithms The MAPLE-B consists of a programmable-system-interface (PSIF) that isa
programmable controller with DMA capabilities and three accelerators attached to it using an
internal interface:

B Turbo/Viterbi Processing-Element (TVPE)
B FFT Processing-Element (FFTPE)

B DFT Processing-Element (DFTPE)

B CRC Processing-Element (CRCPE)

The PSIF has two 64-bit wide M Bus master ports used to transfer input and output data to and
from system memory and a 64-bit MBus Slave port that allows any core to accessits internal
memories. Through this port, the cores can perform any of the following functions:

B Place buffer-descriptorsin the PSIF internal memory.
B Accessthe MAPLE-B parameter RAM.

MSC8156 Reference Manual, Rev. 2

Freescale Semiconductor 1-19



Overview

B Accessthe PSIF internal registers using the SBus.
B Access the process element (PE) configuration registers.

1.6 Chip-Level Arbitration and Switching System (CLASS)

The CLASS isthe central internal interconnect system for the MSC8156 device. The CLASSisa
non-blocking, full-fabric interconnect that allows any initiator to access any target in parallel
with another initiator-target couple. The CLASS uses afully pipelined low latency design. The
CLASS demonstrates per-target prioritized round-robin arbitration, highly optimized to the target
characteristics. The CLASS operates at 500 MHz, and is separate from the SC3850 core
frequency to provide an optimized trade-off between power dissipation, memory technology, and
miss latency. Controlling the intradevice data flow, the CLASS reduces bottle necks and permits
high bandwidth fully pipe-lined traffic.

The CLASS initiators are:

B Six SC3850 DSP subsystems

B Two MAPLE-B ports

m HSS

B Peripheral group (TDM, QUICC Engine subsystem, and JTAG)
B Two DMA ports

The CLASS targets are:

Configuration control and status registers (CCSRS)
MAPLE-B

Three core ports (each shared by two cores)

Two DDR controllers

M3 memory

1.7 M3 Memory

The 1056 KB M3 memory can be used for both program and data and eliminates the need for an
external memory in avariety of applications, thus reducing board space, power dissipation, and
cost. The M3 memory has a 128-bit wide port and runs at 500 MHz using dense memory
technology. The M3 memory supports partial, full, and burst accesses. The M3 memory includes
hidden refresh with alow probability of conflict with core accesses, and it supports burstable
accesses. If the full M3 memory is not required, power can be turned off to 1024 MB to reduce
power consumption.
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1.8 Clocks
The MSC8156 device has three input clocks:

B A shared input clock.
B Two differential input clock for HSSI dual-SerDes port interface.

The MSC8156 device includes five PLLS:

B Three system PLLsto support the different internal system clock requirements required by
the peripherals and interfaces.

B Two SerDesPLLs.

The ratios between the system clocks are selected during reset viareset configuration pins. The
clock ratios are selected from afixed table called clock modes table. The clock modes can be
changed by the user after reset.

1.9 DDR Controllers (DDRC1 and DDRC?2)

The DDR SDRAM interface is useful when the channel storage sizeisrelatively big (asfor a
modem) and al so when more channels are required to supplement the internal memory. When the
M SC8156 device works with channel data stored in the DDR SDRAM, the DMA controller can
swap the data to and from the M2 memory, thus enabling the L1 DCache to fetch from M2
memory instead of accessing the DDR SDRAM memory directly. Fetch latency is thus reduced,
significantly improving the average clock cyclesrequired per task. The M2 and M3 memoriesare
large enough to accommodate the number of channels processed by the DSP subsystems for a
variety of packet telephony and wirel ess transcoding application, such as basic G.711 voice
coding, G.729 or G.723 premium voice coding, AMR, and EFR. However, it is not large enough
for such memory-consuming applications as a V.90 modem, especially when high channel
densities are required. For these applications, the M SC8156 can interface with JEDEC-compliant
DDR2 or DDR3 SDRAM devices. A DDR SDRAM can be used not only as an extension for the
M2 and M3 memories but also to store code. In atypical application, infrequently used codeis
either swapped into M2/M 3 memory when needed or executed directly from an external DDR
SDRAM. The DDR SDRAM interface frequency is decoupled from the DSP subsystem
frequency, and it has aseparate PLL to deliver the required frequency according to the bandwidth
requirements. It is 16/32 bits wide and can interface with up to two 16-bit wide devices, or four
8-bit wide devices. It has a separate strobe per byte. Two logical banks (chip select) are
supported, each with logical programmable bank start and end addresses. A bank size of up to
128 MB is supported. Programmable parameters allow for a variety of SDRAM organizations
and timings. Using data mask bits, the SDRAM controller enables partia write operationsto
bytesin aword or wordsin a burst. Optional ECC protection is provided for the DDR SDRAM
data bus. Using ECC, the memory controller detects all two-bit errors and corrects all single-bit
errors within the 32-bit data bus. For ECC, an additional ECC DDR SDRAM deviceisusualy
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needed. Both the data DDR SDRAM and the ECC DDR SDRAM should have the same CAS
latency. Thereis page retention for up to four simultaneous open pages, and the number of clocks
for which the pages are kept open is programmable. Pages are replaced using a pseudo-LRU
replacement algorithm.

1.10 DMA Controller

The DMA controller enables data movement and rearrangement while the DSP cores work
independently. The DMA controller transfers blocks of datato and from the M2 memory, M3
memory, and the DDR SDRAM controller. It has 16 high-speed bidirectional channels and can
be commanded from each of the DSP subsystems, as well as from an off-device initiator through
the Rapidl O or PCI using BDs. All channels are capable of complex data movement and
advanced transaction chaining. Operations such as descriptor fetches and block transfers are
initiated by each of the sixteen channels. Full duplex operation alowsthe DMA controller to read
data from one target and store it in itsinternal memory while concurrently writing another buffer
to another atarget. This capability can be used extensively when datais read from the M3
memory and written into the M2 memory. The bidirectional DMA controller reads from one of
the CLASS target ports while writing to the second one. The DMA controller supports smart
arbitration algorithms such as round robin, bandwidth control, and a timer-based mechanism
using an earliest deadline first (EDF) agorithm.

1.11 High Speed System Interface

The High Speed Seria Interface (HSSI) isa8-port (two x4 SerDes PHY's) serial communications
subsystem that supports the following multiplexed serial interface combinations:

B Two x1/x4 Serial Rapidl O ports

B Onex1/x4 Serial Rapidl O ports, one x1 Serial Rapidl O port, and two SGMI | ports
B Onex1/x4 Serial RapidlO port and a PCl Express port

B Onex1 Seria RapidlO port, two SGMII ports, and a PCl Express port

To support these interfaces, the HSSI includes the following blocks:

B One RapidlO controller with two ports and one RapidlO Messaging Unit (RMU)
B One PCl Express controller with a bridge to the OCN fabric.

B One 8-port OCN fabric with two DMA controllers to connect between the RapidlO and
PCI Express controllers and the system CLASS module

B Two SRIO port controllersto link the RMU and OCN fabric to the SerDes ports.
B Two SerDesinterfacesto connect to the external signal interface.

These communication interfaces alow the cores to execute the data processing code and be
relieved from the data transfer and handling overhead for processing serial data flow.
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Figure 1-3 shows a block diagram of the HSSI.

High Speed System Interface
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Figure 1-3. HSSI Block Diagram
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Rapidl O is a high-performance, point-to-point, low-pin-count, packet-switched system-level

interconnect that can be used in a variety of applications as an open standard. The RapidlO
architecture provides arich variety of featuresincluding high data bandwidth, low-latency

wasAsgns auibug 02INO

Serial RapidlO x4 Interface at 3.125 Gbaud

capability, and support for high-performance 1/0 devices, as well as providing message-passing
and software-managed programming models. The Serial Rapidl O subsystem consists of a Serial

Rapidl O controller supporting two ports and a RapidlO Message Unit (RMU). The MSC8156

device can either connect directly to ahost or to a Serial Rapidl O switch. Each port in the switch

IS point-to-point connected to the M SC8156 device through a serial Rapidl O link. This link

typically carries packets in both directions. Packets ready for processing are transported from the
host to the M SC8156, and the processed packets are transported from the MSC8156 back to the

host.
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1.11.1.1 Serial RapidlO and Host Interactions

The Serial RapidlO controller directsthe traffic flow between a host processor and the M SC8156
device through the RMU. The host and the MSC8156 communicate as follows:

The host may send messages to the destination M SC8156 device, which are sent back to
the host after processing along with a short doorbell interrupt to indicate that the packets
have been processed.

M essages eliminate the latency of read accesses. The host writes to the MSC8156 and the
MSC8156 writes to the host. In addition, messages can be used in applications where the
host does not know the internal memory structure of the target DSP.

The host may directly access the datain the MSC8156 memory for both reads and writes.
It handshakes with the software running on a DSP core through aring of descriptorsin
MSC8156 memory.

The host may access the datain MSC8156 memory for both reads and writes, but instead
of maintaining aring of descriptors in the MSC8156 memory, it uses buffer descriptors
(BDs) that are messaged from the DSP core to the host.

The host may put al the data buffersinto its memory and have the M SC8156 access the
data.

Any initiator on the RapidlO system can access any internal memory space as well as the
DDR SDRAM using NREAD, NWRITE, MESSAGE, and DOORBELLS. In addition, it
can configure the RapidlO messaging and configuration unit using MAINTENANCE
packets.

In the receive path, the following steps occur:

The clock isrecovered using adedicated PLL.

The datais deserialized, 8b/10b decoded, checked for the correct CRC, and passed to
the higher-level protocol logic.

The control symbols are stripped and used to interface with the other peers without core
intervention.

NWRITE packets are written to the destination memory.

MESSAGES are directed to the Rapidl O messaging unit from which they are forwarded
to their destination queue/memory location.

RESPONSE messages are associated with their respective NREAD and go back to the
internal initiator that initiated the transaction.

On the transmit path, packets are buffered. The CRC is calculated and arbitration is performed
between packet data and control symbols. The data stream then passes through the 8b/10b
encoder and the serializer and transmitted on the Rapidl O link. The Rapidl O endpoints support
link initialization and training according to the Rapidl O specification. The buffersin the RapidlO
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endpoints support packets of up to 256 bytes and four priority levels for both the receive and the
transmit.

1.11.1.2 RapidlO Messaging Unit (RMU) Operation

The messaging unit is divided into five parts:

Inbound message controllers.
Outbound message controllers.
Inbound doorbell controllers.
Outbound doorbell controller.
Inbound maintenance controller.

The message receiver performs the following steps:

1.

Filters the received packets into multiple queues (controllers) based on selected
(programmable) fields in the Rapidl O message header (for example, mailbox number
and letter number). This filtering mechanism can be used for filtering the messages to
the different SC3850 cores or filtering the messages according to their size to the right
queue.

Writes the message to areceive buffer pre-allocated by the SC3850 core.
Post-increments the buffer write pointer.

Optionally interrupts the SC3850 core. The core can then read the buffer, process the
message data, and update the read pointer of the buffer by writing it to the messaging
controller.

The doorbell receiver functions in much the same way except for filtering according to a selected
field in the header only.

The message transmitter performs the following steps:

1.

o g M WD

The SC3850 core sets the registers in the controller with the message parameters (read
pointer, message length, destination, buffer size, available messages.)

— Optionally, the SC3850 core initiates only a pointer to a BD queue.
— The messaging controller reads the BD that includes the message parameters.
The controller reads data from memory according to predefined parameters.

The controller encapsul ates the message and transfer it to a Rapidl O endpoint.
The Rapidl O endpoint sends the message.
Acknowledges are transferred from the Rapidl O endpoint to the RMU.
Upon completion of a message the controller can:
— Send an interrupt to the core, waiting for a new sets of parameters.
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— Proceed to the next message in queue according to the previous parameters.
— Proceed to the next BD in queue.

The doorbell transmitter performs the following steps:

1. The SC3850 core sets the registers in the controller with the doorbell parameters
(doorbell data, destination)

The controller encapsul ates the doorbell and transfersit to the Rapidl O endpoint.
The Rapidl O endpoint sends the message.

Acknowledges are transferred from the Rapidl O endpoint to the RMU.

o~ w DN

Upon completion of a message the controller can send an interrupt to the SC3850 core
and wait for a new sets of parameters.

1.11.2 PCI Express

The PCI Express controller connects to a 2.5-GHz serial interface configurable for up to ax4
interface. As both an initiator and a target device, the PCI Express interface is capable of
high-bandwidth data transfer and is designed to support next generation 1/0O devices. When
selected and enabled by the device configuration, the PCI Express interface performs link width
negotiation and exchanges flow control credits with its link partner after it completes its reset
sequence. Once link autonegotiation is successful, the controller is available to transfer data.

The PCI Express controller can be configured to operate as either a PCl Express root complex
(RC) or an endpoint (EP) device. An RC device connects the core processor/memory subsystem
to I/O devices while an EP device typically denotes a peripheral or I/0O device. In RC mode, a
PCI Expresstype 1 configuration header is used; in EP mode, a PCl Expresstype O configuration
header is used.

Asan initiator, the PCl Express controller supports memory read and write operations with a
maximum transaction size of 256 bytes. In RC mode, the controller also supports configuration
and I/O transactions. As atarget interface, the PCl Express controller accepts read and write
operations to local memory space. When configured as an EP device, the PCI Express controller
accepts configuration transactions to the internal PCl Express configuration registers. Message
generation and acceptance are supported in both RC and EP modes. L ocked transactions and
inbound I/O transactions are not supported.
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1.11.3 OCN-DMA Controllers

The MSC8156 includes two dedicated DMA controllers that transfer blocks of data between the serial
RapidI O controller and the PCI Express controller and the local address space independent of the DSP
cores. This offloads the data management processing from the cores. Each dedicated DMA
controller offers the following features:

Four high-speed/high-bandwidth channels accessible by local and remote masters
Basic DMA operation modes (direct, simple chaining)

Extended DMA operation modes (advanced chaining and stride capability)
Cascading descriptor chains

Misaligned transfers

Programmabl e bandwidth control between channels

Three priority levels supported for source and destination transactions

Interrupt on error and completed segment, list, or link

An Address Trandlation Management Unit (ATMU) with 10 local access address
windows. The ATMU trandates a request address into alogical device source/destination.

1.11.4 OCN Fabric

The On-Chip Network (OCN) fabric is a non-blocking high speed interconnect used for
embedded system devices. The MSC8156 DSP HSSI uses an 8-port OCN to connect between the
Serial Rapidl O Controller, the PCI Express controller, the two supporting DMA controllers and
the dual SerDes PHY's. The OCN requires no programming and provides a seamless interface for
the HSSI.

1.11.5 SRIO Port Controller Modules (SRIOnN)

The SRIO0 and SRIO1 modules provide an interface bridge between the RMU and the two
SerDes PHY s. The unitsrequire no programming, but transfers through the SRIO modules can be
tracked by the performance monitor.

1.11.6 SerDes PHY Interfaces

The HSSI includes two 4-port SerDes interfaces that are multiplexed between the two Seria
Rapidl O ports, the PCI Express port, and the two SGMII ports from the QUICC Engine
subsystem. Multiplexing configuration is done using the HSSI general configuration registers.
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1.12 QUICC Engine Subsystem

The MSC8156 QUICC Engine module is a versatile communications engine based on a subset of
the MPC83X X QUICC Engine subsystem that integrates several communications peripheral
controllers. The QUICC Engine module combines interface hardware and RISC firmware to
support multimedia packet operations. The QUICC Engine module includes control registers and
an interrupt controller to allow the DSP coresto control and monitor operations. These registers
configure certain global options and create specific commands related to the communication
protocols. The cores issue commands by writing to the QUICC Engine module Command
Register (QECMDR). These commands are used to initialize the RISC processors and each
specific communications controller while the RISC engines are running. The QUICC Engine
module includes various blocks to provide the system with an efficient way to handle data
communication tasks, including:

B Two RISC processors, each of which provide:
— Oneinstruction per clock

— Code execution from internal ROM or multi-port RAM
— 32-bit RISC architecture
— Upto sixteen internal software timers maintained in the multi-port RAM

— Interface with the core processors through a 48-KB dual-port RAM and virtual DMA
channels for each interface controller

— Ability to handle serial protocols and virtual DMA

Multi-initiator 48-KB multi-port RAM

48-KB instruction RAM (IRAM)

Serial DMA channel

Three full-duplex communications controllers:

— Communications controllers 1 and 3 support |EEE 802.3/Fast Ethernet controllers

Interrupt controller
Multiplexer and timerslogic
B Baud-rate generators

The internal clocks (RCLK/TCLK) for each communications controller can be programmed to
use either an external or internal source. The rate of these clocks can be up to one-half of the
QUICC Engine module clock frequency. However, the ability of an interface to support a
sustained bit stream depends on the protocol settings and other factors.
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Figure 1-4 shows the MSC8156 QUICC Engine module block diagram.

CLASS
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ROM | | > Multi-Initiator | g ROM
RAM48KB |
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Peripheral Bus v
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RGMII/SGMII RGMII/SGMII

Figure 1-4. QUICC Engine Module Block Diagram

1.12.1 Ethernet Controllers

The two identical gigabit Ethernet controllers are based on the enhanced PowerQUICC 1™
Ethernet controller with network statistics. The Ethernet controllers support two standard
MAC-PHY interfacesto connect to an external Ethernet transceiver:

B 1000 Mbps SGMII with SerDes support
B 1000 Mbps RGMII (full duplex only)

The Ethernet transmitter requires little core intervention. After the software driver initializes the
system, the Ethernet controller activates its transmit scheduler. As aresult, the controller starts
polling the first transmit buffer descriptor (TXBD) in one of the eight transmit queues as chosen
by the scheduler. The TxBD ring is polled every 512 transmit clocks. If TXBD[R] bit is set, the
Ethernet controller begins moving transmit buffers from memory to the Tx virtual FIFO. The
Ethernet MAC transmitter takes datafrom Tx virtual FIFO and transmits the data through the
appropriate interface (RGMI11/SGMII) to the physical media. The transmitter, once initialized,
runs until the end-of-frame (EOF) condition is detected, unless a collision within the collision
window occurs (in half-duplex mode) or an abort condition is encountered. The Ethernet
Controller receiver can perform pattern matching, data extraction, Ethernet type recognition,
CRC checking, VLAN detection, short frame checking, and maximum frame-length checking.
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1.12.2 Serial Peripheral Interface (SPI)

The seria peripheral interface (SPI) alows the exchange of datawith other devices containing an
SPI. The SPI also communicates with peripheral devices such as EEPROMS, real-time clocks,
A/D converters, and ISDN devices. The SPI is afull-duplex, synchronous, character-oriented
channel that supports a four-wire interface (receive, transmit, clock, and slave select). The SPI
block consists of transmitter and receiver sections, an independent baud-rate generator, and a
control unit. The transmitter and receiver sections use the same clock, which is derived from the
SPI baud rate generator in master mode and generated externally in slave mode. During an SPI
transfer, datais sent and received simultaneously.

1.13 TDM

The TDM interface connects gluelessly to common telecommunication framers, such as T1 and
E1. It can interface with multiple buses, such asH-MVIP/H.110 devices, TSI, and codecs such as
AC-97. It provides atotal 4096 channelsthat are timing compliant with their clock, sync and data
signals. The TDM is composed of eight identical and independent modules. Each TDM module
can be configured in one of the following modes:

B |ndependent receive and transmit mode. The transmitter has an input clock, output data
and a frame sync that can be configured as either input or output. There are up to 256
transmit channels and up to 256 receive channels. The receiver has an input clock, input
data, and an input frame sync.

B Shared sync and clock mode. Two receive and two transmit links share the same clock and
the frame sync: The sync can be configured as either input or output. Each of the two
transmit and receive links supports up to 128 channels.

B Shared data link mode. Up to four full-duplex data links, which operate as either transmit
or receive, have the same clock and frame sync. Each link supports up to 128 channels.

If al are used, the TDM modules can support up to 500 Mbps (250 Mbps Tx and 250 Mbps Rx)
with aclock frequency up to 62.5 MHz (62.5 Mbps x 4 TDMs in each direction). Each channel
can be 2, 4, 8, or 16 bitswide. All the channels share the same width during the TDM operation.
When the dlot size is 8 bits wide, the selected channels can be defined as A-law/p-law. These
channels are converted to 13/14 bits, which are padded into 16 bits and stored in memory. Each
receive and transmit channel can be active or not. An active channel has a configurable buffer
located in either in M2, M3, or DDR memory. The TDMs support either 0.5 ms (4 frames) or 1
ms (8 frames) latency. The buffers of one TDM interface are the same size and are filled/emptied
at the same rate. A-law/u-law buffers arefilled at twice the rate, so their buffer size is twice that
of the transparent channels. For receive, the buffers of specific TDM interfacefill at the samerate
and therefore share the same write pointer relative to the beginning of the buffer. When the write
pointer reaches a predetermined threshold, an interrupt to the SC3850 core is generated. The
SC3850 core empties the buffers while the TDM continues to fill the buffers until a second
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threshold line is reached and then an additional interrupt is generated to the SC3850 core. The
SC3850 core empties the data between the first and the second threshold lines. Both the first and
the second threshold lines are programmable. Using these threshold lines, the SC3850 core and
the TDM can perform a double-buffer handshake. For transmit, the SC3850 corefills all the
buffers of a TDM interface, and the TDM empties them. A similar method employing two
threshold line interruptsis used for a double-buffer handshake between the SC3850 core and the
TDM. Y ou can program the interrupt as either shared for receive and transmit or separated.

1.14 Global Interrupt Controller (GIC)

The GIC receives the external and internal Nmi and maskabl e interrupt sources and routes them to
the SC3850 cores, to the INT_ouT lines, or to the Nmi_ouT lines.

1.15 UART

The UART isused mainly for debugging. It provides afull-duplex port for serial
communications by transmit data (Txp) and receive data (RxD) lines. During reception, the
UART generates an interrupt request when anew character is available to the UART data
register. During transmission, the UART generates an interrupt request when its data register can
be written with new character. When accepting an interrupt request, an SC3850 core or external
host should read the UART status register to identify the interrupt source and service it
accordingly.

1.16 Timers

The MSC8156 device contains 16 identical 16-bit timers divided into four groups. Each group
(TMR) contains four identical 16-bit timers, each with a prescaler, a counter, aload register, a
hold register, acapture register, two compare registers, two status registers, and a control register.
In addition, each SC3850 subsystem includes two general purpose 32-bit timers. The MSC8156
device also includes 8 software watchdog timers. Each of the software watchdog timers can be
used by any of the cores within MSC8156 as well as by an external host.

1.17 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 SC3850 core/host/task has a
unique predefined lock number (8-bit code). When trying to lock the semaphore, the SC3850
core writes its lock number to the semaphore and then readsiit. If the read value equalsits lock
number, the semaphore belongs to that host and is essentially locked. An SC3850 core/host/task
rel eases the semaphore by writing a0 to it.
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1.18 Virtual Interrupts

The global interrupt controller generates 26 virtual interrupts including 16 maskable interrupts, 8
VNMIs, and 2 interrupts for external interrupt and NMI outputs (INT_OUT and NMI_OUT,
respectively). A virtual interrupt/VNMI is generated via awrite access to the Virtual Interrupt
Generation Register (VIGR) by one of the SC3850 cores or an external host CPU.

1.19 I12C Interface

The inter-integrated circuit (12C) controller enables the MSC8156 to exchange data with other
12C devices, such as microcontrollers, EEPROMS, rea-time clock devices, A/D converters, and
LCD displays. The1°C controller uses a synchronous, multi-initiator bus that can connect several
integrated circuits on a board. Two signals, serial data (spa) and serial clock (scL), carry
information between the integrated circuits connected to it.

1.20 GPIOs

The MSC8156 has 32 general-purpose 1/O (GPIO) ports that are multiplexed as either GPIO
ports or dedicated peripheral interface ports. As GPIOs, each port is configured as an input or
output (with aregister for data output that is read or written at any time) by GPIO configuration
registers. These registers also select the alternate functions and enable the open-drain function
when ports are configured as outputs. In addition to the GPIO configuration registers, two general
configuration registers (GPUER and GIER) also control the functionality when the ports are
configured as inputs. The default configuration out of reset selects the primary GPIO input
function with internal pull-ups. However, the ports are also disabled. GIER is used to enable the
individual input ports and GPUER can disable the pull-ups for each port. Sixteen of the GPIs can
also be configured as IRQ inputs. If configured as output, the GPIO ports can also be configured
as open-drain (that is, configured in an active low wired-OR configuration on the board). In this
mode, an output drives a zero voltage but goes to tri-state when driving a high voltage. The
dedicated M SC8156 peripheral functions multiplexed with the GPIO ports are grouped to
maximize the usefulness of the portsin the greatest number of M SC8156 applications.

1.21 Boot Options

The boot program in the internal boot ROM initializes the MSC8156 after it completes a reset
sequence. The MSC8156 device can boot from an external host through the serial RapidlO
interface or download a user boot program through the 12C, SPI, or Ethernet ports.
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JTAG

1.22 JTAG

The dedicated user-accessible test access port (TAP) isfully compatible with IEEE Std. 1149.1.
The MSC8156 device supports circuit-board test strategies based on this standard. For details on
the standard, refer to the standard documentation.
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1.23

Developer Environment

Freescale supplies a complete set of DSP development tools for the MSC8156 device. Thetools
provide easier and more robust ways for designers to develop optimized DSP systems. Whether
the application targets a 3G-LTE, TD-SCDMA, or WiIMAX system, the development
environment gives the designers everything they need to exploit the advanced capabilities of the
MSC8156 architecture.

1.23.1 Tools

The MSC8156 tool components include the following:

Integrated devel opment environment (IDE). Easy-to-use graphical user interface and
project manager for configuring and managing multiple build configurations.

C compiler with in-line assembly. The developer can generate highly optimized DSP code
by exploiting the StarCore multiple-ALU architecture, with parallel fetch setsand high
code density.

Librarian. The devel oper can create application-specific DSP libraries for modularity.

Linker. The developer can efficiently produce executables from object code and partition
memory according to the application architecture; the linker supports code overlay.

Multi-Core Debugger. Seamlessly integrated real-time, non-intrusive, multi-mode,
multi-core, and multi-DSP debugger handles highly optimized DSP algorithms. The
developer can choose to debug in source code, assembly code, or mixed mode. Supports
RTOS-aware debugger.

Royalty-free RTOS. Included with package and includes a graphical user interface (GUI)
called Kernel Aware that shows task information, interrupts, and other processing
elements.

Software Smulator. Full chip simulation (FCS) that allows the devel oper to design an
application and run it on the ssimulator before running it on the silicon. FCS is integrated
under integrator developer environment (IDE), the simulator provides customers with
tools to create projects and debug them as they would on silicon (high speed simultaneous
transfers). In addition, there is an SC3850 subsystem performance accurate (PACC)
simulator that is approximately 95% cycle accurate.

Profiler. The developer can analyze and identify program design inefficiencies.

High Speed Run Control. USB TAP high speed host-target interface allows users to
program in Flash memory, ROM, and cache.

Host Platform Support. Microsoft Windows and Solaris.

Development Board. The application development system (ADS).

Kit for MSC8156. A complete system for devel oping and debugging real-time hardware
and software.
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1.23.2 Application Software

Freescale offers a broad range of DSP applications through its third-party application software
partners; these applications target | P telephony, telephony modem, wireless and multimedia
transcoding, and wirel ess base stations. Applications and software modules are listed in Table
1-2.

Table 1-2. Application Software Modules

Application Modules

Baseband WIMAX solution supporting Wave 1 features with future extension to Wave 2 and beyond.

3G-LTE evolving kernels library.

Optimized FFT kernels, including matrix multiplication, and so forth.

Device Drivers and MAPLE-B driver, DMA driver, serial RapidlO driver, TDM driver, Ethernet driver, UART driver,
Example Code memory allocation, and interrupt handling.

StarCore Libraries Rich set of StarCore software libraries, including: Math (Part 1 and 2), Signal, Complex vector,
Control function, Frequency domain, Filter, Common, Image Processing, Communication, and Matrix.

1.24 Example Applications

This section describes seven use cases.

1.24.1 Use Case 1: 3G-LTE Basic System

The system shown in Figure 1-5 can be used asa 10 MHz FDD L TE system supporting 2 x 2 UL
MIMO, 2 x 2 DL MIMO, 50 Mbps DL, 25 Mbps UL.

MPC8526 MSC8156
GigE x1 x1 . ?<4
<+ Serial (—P»| Serial Serial | <€—P RF
RapidlO RapidlO RapidlO
RLC, MAC Uplink, Downlink

Figure 1-5. Use Case 1: 3G-LTE Basic System

MSC8156 Reference Manual, Rev. 2
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1.24.2 Use Case 2: 3G-LTE System

The system shown in Figure 1-6 can beused asan LTE 10 MHz FDD, 2 x 4 UL MIMO, 4 x 2
DL MIMO, 50 Mbit/s DL, 25 Mbps UL, 3 sectors.

MPC8526
<4—p| GigE x1 Serial
9 Serial RapidiO |g
RapidlO <> Switch ¥ 7 RF

x4 Serial x4 Serial x4 Serial
RapidlO RapidlO RapidlO

MSC8156 MSC8156 MSC8156
DDR DDR DDR

Figure 1-6. Use Case 2: 3G-LTE System

1.24.3 Use Case 3: 3G-LTE System

The system shown in Figure 1-7 can be used asan LTE 20 MHz FDD, 2 x 2 DL MIMO, 2 x 2
UL MIMO, 100 Mbit/sDL, 50 Mbps UL, 1 sector.

DDR DDR
MPC85xx MSC8156 MSC8156
. x1 x4 4 4
<4+ GigE Serﬁ | Serial Serial —Pp| )éerial Ser;(al 4+» RF
RapidlO RapidlO  RapidlO RapidlO  RapidlO

Figure 1-7. Use Case 3: 3G-LTE System
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1.24.4 Use Case 4. TD-SCDMA System

The system shown in Figur e 1-8 can be used asa TD-SCDMA 1.6 MHz TDD, 8 x 8 no MIMO,
6 carriers.

MPC85xx
: Bridge
Gige ser Sl 4 “«—>
Rapidio |l %, RF
RapidlO [« SvSitch Eigfﬂlo o

x4 Serial x4 Serial
RapidlO RapidlO

MSC8156 MSC8156
DDR DDR

Note: Two devices may be required to support 6 carriers supporting chip-rate and symbol rate,
depending on the system configuration.

Figure 1-8. Use Case 4: TD-SCDMA System
1.24.5 Use Case 5: WIMAX Basic System
The system shown in Figure 1-9 can be used asaWiMAX 10 MHz TDD, 2 x 2 MIMO, 1 sector.

RLC, MAC, MAC-hs

Uplink, Downlink

DDR
MPC8526 MSC8156
Bridge
i 1 x4 x4 x4
<+ O Seril | € P Serial Serial [ Serial CPRI ¢—p| RF
RapidlO RapidlO  RapidlO RapidlO

Figure 1-9. Use Case 5: WIMAX Basic System
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1.24.6 Use Case 6: WiMAX System

The system shown in Figure 1-10 can be used asaWiMAX 10 MHz TDD, 4 x 4 MIMO, 4
sectors.

MPC8572 MSC8156
?(l X4 _’ 8
«p G e 4 g %
RapidlO
Serial
RapidlO
MPC8572 Switch MSC8156
x1 lv]
. : d [ 4 _’ o
<D Gigk Raiiedr:gl il > )éerial X
RapidlO
A
Bridge
x4 Serial
RapidlO CPRI  4—p| RF
—» x4 Serial
RapidlO

Figure 1-10. Use Case 6: WIMAX System

1.24.7 Use Case 7: WCDMA Basic System

The system shown in Figure 1-11 can be used asa WCDMA 5 MHz FDD, 2 x 1, no MIMO, 3
sectors.

DDR
MPC8526 MSC8156
FPGA
i 1 x4 x4 x4
<« G Serml <P/ serial Serial [P Serial CPRI |¢—p| RF
RapidlO RapidlO  RapidlO RapidlO
: : IF, Routing, Spread/Despread

RLC, MAC Uplink, Downlink O CIDDC

Figure 1-11. Use Case 7: WIMAX System
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SC3850 Core Overview 2

The SC3850 digital signal processing (DSP) core features an innovative architecture that
addresses the key market needs of DSP applications, especially in the fields of wireline and
wireless infrastructure, subscriber communication, and multimedia packet transfer. This flexible
DSP core supports compute-intensive applications by providing high performance, low power,
efficient compile, and high code density. Each high-performance core is binary compatible with
the SC140 core used in the M SC81xx DSP family, the SC1400 core, and the SC3400 core used in
the MSC8144 family and delivers up to 8000 16-bit MMACS using an internal 1 GHz clock at 1
V. A MAC operation includes a multiply-accumulate command with the associated data moves
and a pointer update.

The StarCore SC3850 DSP core and subsystem is an evolution of the StarCore® SC3400 DSP
core and subsystem that enhances many of the original core and subsystem components and
optimizes overall performance and memory hierarchy to target future application needs.
Optimizations target:

B |Improved control/compiled code performance

B Better operation of DSP intensive kernels
B Minimizing memory system stalls to increase core use.

Note: See the SC3850 DSP Core Reference Manual for a detailed description of core
functionality and instruction set. The manual is only available with a signed
non-disclosure agreement. Contact your local Freescale sales office or representative
for details.

MSC8156 Reference Manual, Rev. 2
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SC3850 Core Overview

2.1

Core Architecture Features

Key features of the SC3850 DSP core include the following:

Main core resources

— 4 Data ALU execution units

— 2 integer and address generation units

— Sixteen 40-bit data registers with 8 guard bits, freely accessible by Data AL U instructions
— Sixteen 32-bit address registers, freely accessible by Address generation instructions
Instruction set

— 16-bit instruction set, expandable to 32 and 48 instructions

— High orthogonality of operands

— Richinstruction set for DSP and control features

— A very good compiler target

Very high execution parallelism

— Upto six instructions executed in asingle clock cycle, statically scheduled

— Variable Length Execution Set (VLES) execution model

— Upto 4 Data AL U instructions and 2 Memory access/integer instructions per cycle
Data type support

— Byte(8-hit), word (16-bit) and long (32-bit) datawidths, supported by instructionsand memory
moves

— Both Integer (signed and unsigned) and fractional data types

— Packed fractional complex data type

— Several packed datatypes (2 to 4 objects on the same register) for SIMD operations
Very high numerical throughput for DSP operations

— Each DataALU can perform two 16x16 multiplications per cycle (total of 8 multiplicationsfor
all ALUs), which can be used for:

— Dot product acceleration (40 + (16x16) + (16x16))

SIMD2 multiplication and accumulation into two 20-bit register portions
Acceleration of Complex multiplication

Acceleration of extended precision multiplication

— Some performance summary metrics are listed in Table 2-1:

Table 2-1. Multiplication Throughput Summary Figures for the SC3850

Operation Precision Instructions per Operation Result Throughput (4 ALUs)
Real multiply 16 x 16 0.5 8
16 x 32 1 4
32x32 2 2
Complex 16 x 16 2 2
multiply 16 x 32 4 1

MSC8156 Reference Manual, Rev. 2
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» Application specific instructions for acceleration the following algorithms
— FFT
— Video processing
— Viterbi
— Baseband operations
» High throughput memory interface
— Unified, 32-bit byte addressable memory space

— Dual Harvard architecture that permits one 128-bit program access and two 64-bit data
accesses per cycle

— Coreto data memory throughput of up to 16 Giga Bytes per second, at 1 GHz core frequency
— Support of Big Endian, Little Endian and Mixed endian memory policies
» Powerful address generation model
— Zero overhead modulo arithmetic support for address pointers
— Severd
* Advanced pipeline
— 12 stage, fully interlocked pipeline
— No stallsfor memory load to register, MAC operation, and result storage to memory
— Speculation of conditionally executed instructions and change of flow execution paths
» Control features
— Zero-overhead hardware loops with up to four levels of nesting
— A Branch Target Buffer (BTB) for accelerating execution of change of flow instructions
e OS support
— Precise memory exception support, for advanced OS
— User and Supervisor privilege levels, supporting a protected, task oriented execution model
— Full support for memory protection and address trand ation in the off-core MMU
— Exception and Normal stack pointer for software stack support
— Low task switch overhead using wide stack save and restore instructions
* Rich set of real-time debug capabilities through an On-Chip Emulator (OCE)
— Real-time PC, data address and data breakpoint capabilities
— Upto six hardware breakpoint channels, and unlimited debugger-enabled SW breakpoints
— Single stepping
— Externally forced instructions in debug mode by the host processor
— Precise detection of PC breakpoints
— PC tracing with filtering and compression options
— Support for Nexus |EEE-ISTO 5001-2003 standard with off-core ready modules
* Low Power Design
— Low-power Wait and Stop instructions
— A very low power design
— Fully static logic

MSC8156 Reference Manual, Rev. 2
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2.2 StarCore SC3850 Core Architecture

The SC3850 core contains a Data Arithmetic and Logic Unit (DALU) with four ALUs, and an
Address Generation Unit (AGU) that includes two Address Arithmetic Units (AAU). The
SC3850 efficiently deploys the variable-length execution set (VLES) execution model, allowing
to group up to 4 DALU and 2 AGU instructions in asingle clock cycle without sacrificing code
size for execution slots that are not used. Figur e 2-1 shows a block diagram of the SC3850 DSP
core.

Data and Program Memory

A A A
Vv V. v,
32 128 132 132 64 64
< fa) < < o) fa)
o <
< % x| X S
Y
OCE Program AGU DALU
Sequencer Register File Register File

bus

y

4 ALUs
(2 16 x 16 MAC each)

o

BTB 2 AAUs

PSEQ T T T T AGU T DALU
Instruction busl l

Resource Stall Unit (RSU)

w
=<
C
T Internal

SC3850 DSP Core

Figure 2-1. SC3850 DSP Core Block Diagram

The SC3850 uses dua-multiply ALUs supporting two 16-bit x 16-bit multipliers that can
accumul ate results into 40-bit wide destination data registers. In addition, it has a 40-bit parall€el
barrel shifter. Each ALU performstwo MAC operations per clock cycle, so that a single core
running at up to 1 GHz can perform 8 billion multiply-accumulates per second (GMACS). This
rate isfor both 16-bit operands, 8-bit operands, or mixed 8-bit and 16-bit operands.

Each AAU in the AGU can perform one address cal culation and drive one data memory access
per cycle. Data access widths are flexible and can be between 8 to 64 bitswide. The AGU can
support athroughput of up to 128 Gbps between the core and the memory.

The program sequencer manages the instruction fetching from the program memory, dispatching
the VLES to the execution units, performing change of flow (COF) and HW |oop management

MSC8156 Reference Manual, Rev. 2
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StarCore SC3850 Core Architecture

and exception processing. It includes a 48-entry branch target buffer which is used to accelerate
the execution of COF operation.

The Resource Stall Unit (RSU) detects dependency hazards and resource requirements as defined
by the code semantics. It then activates the internal operand bypass logic or inserts stalls as
needed.

The SC3850 supports general microcontroller capabilities that make it a suitable target for
advanced operating systems, including support for user and supervisor privilege levels that, with
the MMU, enable implementation of a protected software model. The SC3850 supports precise
exceptions for program and data accesses, allowing designs to implement advanced memory
management schemes and soft error correction. The SC3850 also includes a 48-entry Branch
Target Buffer (BTB) that improves performance by reducing the change of flow latency.

MSC8156 Reference Manual, Rev. 2
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External Signals

3

The MSC8156 external signals are organized into functional groups. Table 3-1 liststhe
functional groups and references the table that gives a detailed listing of signals within each

group.
Table 3-1. MSC8156 Functional Signal Groupings

Functional Group

Detailed Description

Power and ground

Table 3-3 on page 3-4

Clock

Table 3-4 on page 3-6

Reset and Configuration

Table 3-5 on page 3-6

DDR Memory Controllers

Table 3-6 on page 3-10

SerDes Multiplexers (Serial RapidlO controllers, PCI Express interface, and SGMII signals)

Table 3-7 on page 3-11

TDM and Ethernet

Table 3-8 on page 3-16

Serial peripheral interface (SPI)

Table 3-9 on page 3-20

GPIOs and maskable Interrupts

Table 3-10 on page 3-20

Timers Table 3-11 on page 3-25
UART Table 3-12 on page 3-26
1’c Table 3-13 on page 3-26

External DMA Interface

Table 3-14 on page 3-27

NMI/INT_OUT/NMI_OUT

Table 3-15 on page 3-28

OCE module and JTAG Test Access Port

Table 3-16 on page 3-29

Some signals are only sampled during the power-on reset sequence; most of these signal linesare
are used by other modules and subsystems during normal operation. Signal multiplexing is

determined at the following three levels:

B |/O Multiplexing. TDM channels and RGMII channels sharing. Selected during power-on
reset by the GE1/GE2 bitsin the high part of the Reset Configuration Word (see Chapter
5, Reset for details). Ethernet selections (RGMI11/SGMI1) are configured by the Ethernet
registers (see the QUICC Engine Block Reference Manual with Protocol Interworking for

details).

B SerDes Multiplexing. Serial RapidlO interfaces, PCl Expressinterface, and SGMI|
sharing on the 8-lane SerDes interface. Configured by the Reset Configuration Word (see

Chapter 5, Reset for details).

MSC8156 Reference Manual, Rev. 2
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B GPIO Multiplexing. GPIOs, IRQs, 12C, SPI, DMA external request interface, Timers, and
UART sharing. Configured by GPIO configuration registers (see Chapter 22, GPIO for
details).

The values of the GEL/GE2 RCW bhits determine the sharing of signal lines between the TDM
interfaces and the RGMI1 signals for Ethernet controllers 1 and 2. Table 3-2 lists the signal
groups supported by each of the available multiplexing modes.

Table 3-2. Ethernet/TDM Multiplexing by GE1/GE2 Bit Values

RCW[GE1] | RCW[GE2] Interfaces
Value Value TDMO TDM1 TDM2 TDM3 GE1RGMII | GE2 RGMII
0 0 Available Available Available Available Unavailable | Unavailable
0 1 Unavailable | Unavailable Available Available Unavailable Available
1 0 Available Available Unavailable | Unavailable Available Unavailable
1 1 Unavailable | Unavailable | Unavailable | Unavailable Available Available

The PCI Express, seria RapidlO interfaces, and the Ethernet SGM s share the two SerDes
interfaces. Accessto the SerDes interface blocksis configured viathe RCW bits (see Chapter 5,
Reset for details).

The thirty-two GPIO ports have configurable functionality. Sixteen of the GPIO lines can be
configured as IRQ inputs through the GPIO configuration registers; four of these lines can also be
configured as the DMA external interface. Fifteen of the other sixteen GPIO lines are
multiplexed with other interface unitsincluding the SPI, timers, UART, and 12C signals. The

specific function is selected through configuration of the GPIO registers (see Chapter 22, GPIO
for details).

Figure 3-1 summarizes the various M SC8156 external signal multiplexing options.

MSC8156 Reference Manual, Rev. 2
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DDR Controller 1

DDR Controller 2

— [MIA[15-0] M2A[15-0]
1.0V — — |M1BA[2-0] M2BA[2-0]
15V — < |M1DQ[63-0] M2DQ[63-0]
1.8V — Power and — |M1DM[8-0] M2DM[8-0]
25V — Ground < |M1DQS[8-0] M2DQS[8-0]
M1Vger, M2VRer — < |M1DQS[8-0] M2DQS[8-0]
GND — — |M1CK[0-2] M2CK[0-2]
GNDRIOp, —> — |MI1CK[0-2] M2CK[0-2]
CLKIN — Clocks DDR Memory || — |M1CKE[0-1] M2CKE[0-1]
CLKOUT « Controllers — |MIRAS M2RAS
— |M1CAS M2CAS
PORESET — — |MIWE M2WE
HRESET < Resets — |M1CS[0-1] M2CS[0-1]
SRESET < |M1ECC[0-7] M2ECC[0-7]
STOP_BS — < |M1IMDIC[0-1] M2MDIC[0-1]
— |M10DT[0-1] M20DT[0-1]
INT_OUT « — |M1APAR_OUT M2APAR_OUT
NMI — Interrupts < |M1APAR_IN M2APAR_IN
NMI_OUT <«
SerDes Multiplexer 1 SerDes Multiplexer 2
« [SRI_REF CIK SR2_REF_CLK
7O Mode 1 7O Mode O « |SR1_REF_CLK SR2_REF_CLK
GE2_RD2 TDMORCK| <> « |SR1_IMP_CAL_RX SR2_IMP_CAL_RX
GE2_TD2 TDMORSN| <> « |SR1_IMP_CAL_TX SR2_IMP_CAL_TX
GE2_RD3 TDMORDT| « ETtEé‘fr?é . < [srR1_RxDO SR2_RXDO/PE_RXDO
GE2_GTX_CLK TDMOTCK| <> Controller 2 « |SR1_RXDO SR2_RXDO/PE_RXDO
GE2_RDO TDMOTSN| < — |SR1_TXDO SR2_TXDO/PE_TXDO
GE2_TD3 TDMOTDT| > SerDes — |SR1_TXDO SR2_TXDO/PE_TXDO
Multiplexers ¢ |sR1 RXD1 SR2_RXD1/PE_RXD1
GE2_RD1 TDMLRCK| & gsg@gm@gg « |SRI_RxD1 SR2_RXD1/PE_RXD1
GE2_RX_CTL TDMIRSN| < TOMY Express/Serial | = [SRLTXD1 SR2_TXD1/PE_TXD1
GE2_TX_CLK TDM1RDT| <> Ethermet Ethernet — |SR1_TXD1 SR2_TXD1/PE_TXD1
GE2_RX_CLK TDMITCK| — Controller 2 « |SR1_RXD2/SG1_RX SR2_RXD2/PE_RXD2/SG1_RX
GE2_TD1 TDMITSN| < « |SR1_RXD2/SGI_RX SR2_RXD2/PE_RXD2/SG1_RX
GE2_TDO TDMITDT| < — |SR1_TXD2/SG1_TX SR2_TXD2/PE_TXD2/SG1_TX
— |SR1_TXD2/SG1_TX SR2_TXD2/PE_TXD2/SG1_TX
GE1_TDO TDM2RCK| <> «— |SR1_RXD3/SG2_RX SR2_RXD3/PE_RXD3/SG2_RX
GE1_TD2 TDM2RSN| < « |SR1_RXD3/SG2_RX SR2_RXD3/PE_RXD3/SG2_RX
GE1_TD1 TDM2RDT| <> TDM2/ — [SR1_TXD3/SG2_TX SR2_TXD3/PE_TXD3/SG2_TX
GE1_TD3 TDM2TCK| — CE:]':fng:rtl — |SR1_TXD3/SG2_TX SR2_TXD3/PE_TXD3/SG2_TX
GEL TX_CTL TDM2TSN| € - Sampled at PORESET deassertion
GE1_TX_CLK TDM2TDT| < < GPIOO/IRQO RCO
< GPIOLIRQL RC1
GE1_GTX_CLK TDM3RCK| <> < GPIO2/IRQ2 RC2
GE1_RD1 TDM3RSN| < < GPIO3/IRQ3/DRQ1 RC3
GE1_RDO TDM3RDT| > s & GPIO4/IRQ4/DDN1 RC4
GE1_RD2 TDM3TCK| — Controller 1 < GPIO5/IRQ5 RC5
GE1_RX_CLK TDM3TSN| < < GPIO6/IRQ6 RC6
GE1_RD3 TDM3TDT| < < GPIO7/IRQ7 RC7
< GPIO8/IRQ8 RC8
GE2_TX_CTL «— GPIO < GPIO9/IRQ9 RC9
GE1_RX_CTL N Dedicated < GPIO10/IRQ10 RC10
GE_MDC . Ethernet < GPIO11/IRQI1 RC11
GE_MDIO o < GPIO12/IRQ12 RC12
GPIO17/SPI_SCK <> < GPIO13/IRQ13 RC13
GPIO18/SPI_MOSI <> spI < GPIO14/IRQ14/DRQO RC14
GPIO19/SPI_MISO > < GPIO15/IRQ15/DDNO RC15
GPIO20/SPI_SL «> < GPIO16 RC16
GPIO30/12C_SCL ¢ c © GPIO21
GPIO31/12C_SDA > < GPIO22
TCK — < GPIO23/TMRO
™S — < GPIO24/TMR1 RCW_SRC2
DI — Timers <> GPIO25/TMR2 RCW_SRC1
TDO « [| JTAG/Debug < GPIO26/TMR3
TRST — < GPIO27/TMR4 RCW_SRCO
EE0 — < GPIO28/UART_RXD ' .
EE1 UART & GPIO29/UART TXD Dedicated signals:

Note: See the individual signal description tables for details about individual power supplies and grounds.

Figure 3-1. MSC8156 External Signals
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External Signals

3.1 Power Signals

Table 3-3. Power and Ground Inputs

’:I/ZT:;Z? Signal Name Symbol Description
VDD Vpp Power for Core Subsystems 0-5
A dedicated well-regulated power source for core subsystems
0-5. Provide an extremely low impedance path to the Vpp power
rail and adequate external decoupling capacitors.
M3VvDD Vppwms Power for M3 Memory
A dedicated well-regulated power source for 1 Mbyte of the M3
memory. Provide an extremely low impedance path to the Vpp
power rail and adequate external decoupling capacitors. This
input can be disabled when not used to reduce system power
requirements. When this input is disabled, 32 Kbyte of M3
memory remains active.
MVDD Vobpm Power for MAPLE-B Subsystem
A dedicated well-regulated power source for the MAPLE-B
Lov subsystem. Provide an extremely low impedance path to the Vpp
power rail and adequate external decoupling capacitors. This
input can be disabled when not used to reduce system power
requirements.
PLLO_AVDD VoppLL1 System PLL 0 Power
A dedicated well-regulated power for the system Phase Lock
Loops (PLLs).
PLL1 AVDD VoppLL1 System PLL 1 Power
A dedicated well-regulated power for the system Phase Lock
Loops (PLLS).
PLL2_AVDD VppPLLL System PLL 2 Power
A dedicated well-regulated power for the system Phase Lock
Loops (PLLS).
SXPVDD1 Vppsxp1 Serial RapidlO Interface 1 Pad Power
A dedicated well-regulated power for the Serial RapidlO interface
1 pad circuitry.
SXPVDD2 Vppsxp2 Serial RapidlO Interface 2 Pad Power
A dedicated well-regulated power for the Serial RapidlO interface
2 pad circuitry.
SXCVDD1 Vppsxc1 Serial RapidlO Interface 1 Core Power
A dedicated well-regulated power for the Serial RapidlO interface
1.0V 1 core circuitry.
(Differential) | SXCVDD2 Vppsxc2 Serial RapidIO Interface 2 Core Power
A dedicated well-regulated power for the Serial RapidlO interface
2 core circuitry.
SR1_PLL_AVDD VppPLLL Serial RapidlO PLL 1 Power
A dedicated well-regulated power for the system Phase Lock
Loops (PLLS).
SR2_PLL_AVDD VbpPLLL Serial RapidlO PLL 2 Power
A dedicated well-regulated power for the system Phase Lock
Loops (PLLsS).

MSC8156 Reference Manual, Rev. 2
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Table 3-3. Power and Ground Inputs (Continued)

Nominal

Voltage Signal Name Symbol Description

GVvDD1 VDbDDDR1 SSTL 10 Driver Power (1.5V or 1.8 V)

A dedicated power source for the DDR controller 1 DRAM
interface buffers. Provide adequate external decoupling
capacitors. The external decoupling capacitors recommendations
are listed in the MSC8156 Technical Data Sheet.

GVDD2 VDDDDR2 SSTL 10 Driver Power (1.5V or 1.8 V)

A dedicated power source for the DDR controller 2 DRAM
interface buffers. Provide adequate external decoupling
capacitors. The external decoupling capacitors recommendations
are listed in the MSC8156 Technical Data Sheet.

15Vorl8Vv

M1VREF M1VRer SSTL Reference Power
GVDD1 x 0.5V A reference power level for the DDR controller 1 memory
interface.

M2VREF M2VReg SSTL Reference Power
GVDD2 x 0.5V A reference power level for the DDR controller 2 memory
interface.

NVDD Vppio Input/Output Power

The power source for the external 1/O signal lines. Provide
adequate external decoupling capacitors. The external
decoupling capacitors recommendations are listed in the
MSC8156 Technical Data Sheet.

QVvDD VpppPLLO Input/Output Power

The power source for the external clock, reset, OCE, and JTAG
signal lines. Provide adequate external decoupling capacitors.
The external decoupling capacitors recommendations are listed in
the MSC8156 Technical Data Sheet.

VSS GND System Ground

An isolated ground for the internal processing logic and 1/0
buffers. This connection must be tied externally to all chip ground
connections, except GNDgyc and GNDgyp.

SR1_PLL_AGND GNDRgjo1pLL RapidlO Interface 1 PLL Ground

Ground dedicated for RapidlO Interface 1 PLL use. The
connection should be provided with an extremely low-impedance
path to ground.

SR2_PLL_AGND GNDRio2pLL RapidlO Interface 2 PLL Ground

Ground dedicated for RapidIO interface 2 PLL use. The

0V (GND) connection should be provided with an extremely low-impedance
path to ground.

SXCVSS1 GNDgxc1 RapidlO Interface 1 Core Ground

A ground for the RapidlO port 1 Core circuitry.

SXCVSS2 GNDgyco RapidIO Interface 2 Core Ground

A ground for the RapidlO port 2 Core circuitry.

SXPVSS1 GNDgyxp1 RapidlO Interface 1 Pad Ground

A ground for the RapidlO port 1 Pad circuitry.

SXPVSS2 GNDgyxp> RapidIO Interface 2 Pad Ground

A ground for the RapidlO port 2 Pad circuitry.

25V

Note: The external decoupling capacitors recommendations are listed in the MSC8156
Technical Data Sheet.

MSC8156 Reference Manual, Rev. 2
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3.2 Clock Signals

Table 3-4. Clock Signals

Signal Name Type Signal Description
CLKIN Input |Clock In
Primary clock input to the MSC8156 PLLs.
CLKOUT Output [Clock Out
The bus clock output.

3.3 Reset and Configuration Signals

Table 3-5. Reset and Configuration Signals

Signal Name

Type

Signal Description

PORESET

Input

Power-On Reset

When asserted, this line causes the MSC8156 to enter power-on reset state.
Internally, this signal also resets the TAP and debugging modules. The power-on
reset flow resets the MSC8156 device, configures various device attributes
including its clock modes, and drives HRESET and SRESET as open-drain outputs.

HRESET

Input/
Output

Hard Reset

When asserted as an input, this signal causes the MSC8156 to abort all current
internal and external transactions, set most registers to their default state, and enter
the hard reset state. This signal must be asserted for at least 32 CLKIN cycles.
While the device is in the hard reset state, it drives HRESET and SRESET as
open-drain outputs. This signal requires an external pull-up resistor. The signal is
tri-stated after the hard reset flow is complete.

SRESET

Input/
Output

Soft Reset

When asserted as an input, this signal causes the MSC8156 to enter the soft reset
state, about all current internal transactions, configure most registers with their
default values, and cause the cores to enter their reset state. The signal does not
affect 1/0 signal functionality or direction or memory controller operations. While the
device is in the soft reset state, it drives the SRESET as an open-drain output. This
signal requires an external pull-up resistor. The signal is tri-stated after the soft reset
flow is complete.

STOP_BS

Input

Stop Boot Sequencer

This signal is valid only when the reset configuration words are being loaded from
an 1°C EEPROM using the boot sequencer and is asserted only for a reset target
device to prevent the loading of the reset configuration words until allowed by the
Boot ROM. The signal level must be asserted as long as HRESET is asserted. For
the reset master or a single device reading from 12C EEPROM, you must drive this
low during the reset sequence. For details, see Chapter 5, Reset. This signal is also
used for booting after reset (for details, see Chapter 6, Boot Program).

MSC8156 Reference Manual, Rev. 2

3-6

Freescale Semiconductor




Reset and Configuration Signals

Table 3-5. Reset and Configuration Signals (Continued)
Signal Name Type Signal Description
RCW_SRCO Input Reset Configuration Word Source 0
Along with the RCW_SRCJ[1-2], this signal is sampled at the deassertion of
PORESET to identify the source of the reset configuration word. The required signal
level must be maintained as long as HRESET is asserted.
GPI1027 Input/ General-Purpose Input Output 27
Output One of 32 GPIO pins used as GPIO or as a dedicated input or output. For details,
see Chapter 22, GPIO.
TMR4 Input/ Timer 4
Output Configured as input to the counter or output from the counter. Selected through the
GPIO configuration. For details, see Chapter 22, GPIO. For functional details, see
Chapter 21, Timers.
RCW_SRC1 Input Reset Configuration Word Source 1
Along with the RCW_SRCJ0, 2], this signal is sampled at the deassertion of
PORESET to identify the source of the reset configuration word. The required signal
level must be maintained as long as HRESET is asserted.
GPIO25 Input/ General-Purpose Input Output 25
Output One of 32 GPIO pins used as GPIO or as a dedicated input or output. For details,
see Chapter 22, GPIO.
TMR2 Input/ Timer 2
Output Configured as input to the counter or output from the counter. Selected through the
GPIO configuration. For details, see Chapter 22, GPIO. For functional details, see
Chapter 21, Timers.
RCW_SRC2 Input Reset Configuration Word Source 2
Along with the RCW_SRCJ[0-1], this signal is sampled at the deassertion of
PORESET to identify the source of the reset configuration word. The required signal
level must be maintained as long as HRESET is asserted.
GPI1024 Input/ General-Purpose Input Output 24
Output One of 32 GPIO pins used as GPIO or as a dedicated input or output. For details,
see Chapter 22, GPIO.
TMR1 Input/ Timer 1
Output Configured as input to the counter or output from the counter. Selected through the
GPIO configuration. For details, see Chapter 22, GPIO. For functional details, see
Chapter 21, Timers.
RC[0-2] Input Reset Configuration Word Bit 0-2
Sampled during the assertion of PORESET to set part of the bits of the Reset
Configuration Word Registers.
GPIO[0-2] Input/ General-Purpose Input Output 0-2
Output Three of the 32 GPIO pins used as GPIO or as a dedicated input or output. For
details, see Chapter 22, GPIO.
IRQ[0-2] Input Interrupt Request 0-2
External lines that can request a service routine via the internal interrupt controller.
Selected through GPIO configuration. For details, see Chapter 22, GPIO. For
functional details, see Chapter 13, Interrupt Handling.
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Table 3-5. Reset and Configuration Signals (Continued)

Signal Name Type Signal Description
RC3 Input Reset Configuration Word Bit 3
Sampled during the assertion of PORESET to set part of the bits of the Reset
Configuration Word Registers.
GPIO3 Input/ General-Purpose Input Output 3
Output One of the 32 GPIOs. For details, see Chapter 22, GPIO.
IRQ3 Input Interrupt Request 3
External line that can request a service routine via the internal interrupt controller.
For details, see Chapter 13, Interrupt Handling.
DRQ1 Input DMA External Request 1
When enabled by GPIO multiplexing, asserting this input triggers external DMA
request 1. For details, see Chapter 14, Direct Memory Access (DMA) Controller,
RC4 Input Reset Configuration Word Bit 4
Sampled during the assertion of PORESET to set part of the bits of the Reset
Configuration Word Registers.
GPIO4 Input/ General-Purpose Input Output 4
Output One of the 32 GPIOs. For details, see Chapter 22, GPIO.
IRQ4 Input Interrupt Request 4
External line that can request a service routine via the internal interrupt controller.
For details, see Chapter 13, Interrupt Handling.
DDN1 Output DMA External DONE Indication 1
When enabled by GPIO multiplexing, this signal is asserted to indicate that DMA
request 1 is done. For details, see Chapter 14, Direct Memory Access (DMA)
Controller,
RC[5-13] Input Reset Configuration Word Bit 5-13
Sampled during the assertion of PORESET to set part of the bits of the Reset
Configuration Word Registers.
GPIO[5-13] Input/ General-Purpose Input Output 5-13
Output Nine of the 32 GPIO pins used as GPIO or as a dedicated input or output. For
details, see Chapter 22, GPIO.
IRQ[5-13] Input Interrupt Request 5-13
External lines that can request a service routine via the internal interrupt controller.
Selected through GPIO configuration. For details, see Chapter 22, GPIO. For
functional details, see Chapter 13, Interrupt Handling.
RC14 Input Reset Configuration Word Bit 14
Sampled during the assertion of PORESET to set part of the bits of the Reset
Configuration Word Registers.
GPIO14 Input/ General-Purpose Input Output 14
Output One of the 32 GPIOs. For details, see Chapter 22, GPIO.
IRQ14 Input Interrupt Request 14
External line that can request a service routine via the internal interrupt controller.
For details, see Chapter 13, Interrupt Handling.
DRQO Input DMA External Request 0
When enabled by GPIO multiplexing, asserting this input triggers external DMA
request 0. For details, see Chapter 14, Direct Memory Access (DMA) Controller,
MSC8156 Reference Manual, Rev. 2
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Table 3-5. Reset and Configuration Signals (Continued)

Signal Name Type Signal Description

RC15 Input Reset Configuration Word Bit 15
Sampled during the assertion of PORESET to set part of the bits of the Reset
Configuration Word Registers.

GPIO15 Input/ General-Purpose Input Output 15

Output One of the 32 GPIOs. For details, see Chapter 22, GPIO.

IRQ15 Input Interrupt Request 15
External line that can request a service routine via the internal interrupt controller.
For details, see Chapter 13, Interrupt Handling.

DDNO Output DMA External DONE Indication 0O
When enabled by GPIO multiplexing, this signal is asserted to indicate that DMA
request 0 is done. For details, see Chapter 14, Direct Memory Access (DMA)
Controller,

RC16 Input Reset Configuration Word Bit 16
Sampled during the assertion of PORESET to set part of the bits of the Reset
Configuration Word Registers.

GPIO16 Input/ General-Purpose Input Output 16

Output One of 32 GPIO pins used as GPIO or as a dedicated input or output. For details,

see Chapter 22, GPIO.

RC17 Input Reset Configuration Word Bit 17
If RCW_SRC[0-2] equals 011, this input is sampled during the assertion of
PORESET to set part of the bits of the Reset Configuration Word Registers.

RCW_LSELO Output Reset Configuration Word Lane 0 Select
If RCW_SRC[0-2] equals 000, this signal is used to enable loading of Lane 0
(RCWLR bits 15-0) of the RCW via RC[15-0] when asserted. See Chapter 5,
Reset for details.

RC18 Input Reset Configuration Word Bit 18
If RCW_SRC[0-2] equals 011, this input is sampled during the assertion of
PORESET to set part of the bits of the Reset Configuration Word Registers.

RCW_LSEL1 Output Reset Configuration Word Lane 1 Select
If RCW_SRC[0-2] equals 000, this signal is used to enable loading of Lane 1
(RCWLR bits 31-16) of the RCW via RC[15-0] when asserted. See Chapter 5,
Reset for details.

RC19 Input Reset Configuration Word Bit 19
If RCW_SRC[0-2] equals 011, this input is sampled during the assertion of
PORESET to set part of the bits of the Reset Configuration Word Registers.

RCW_LSEL2 Output Reset Configuration Word Lane 2 Select
If RCW_SRC[0-2] equals 000, this signal is used to enable loading of Lane 2
(RCWHR bits 15-0) of the RCW via RC[15-0] when asserted. See Chapter 5,
Reset for details.

RC20 Input Reset Configuration Word Bit 20
If RCW_SRC[0-2] equals 011, this input is sampled during the assertion of
PORESET to set part of the bits of the Reset Configuration Word Registers.

RCW_LSEL3 Output Reset Configuration Word Lane 3 Select
If RCW_SRC[0-2] equals 000, this signal is used to enable loading of Lane 3
(RCWHR bits 31-16) of the RCW via RC[15-0] when asserted. See Chapter 5,
Reset for details.
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Table 3-5. Reset and Configuration Signals (Continued)

Signal Name

Type

Signal Description

RC21

Input

Reset Configuration Word Bit 21
If RCW_SRC[0-2] equals 011, this input is sampled during the assertion of

PORESET to set part of the bits of the Reset Configuration Word Registers. If
RCW_SRC[0-2] does not equal 011, this input is ignored.

Note: When RCW_SRC[0-2] equals 011, RC[0-21] are valid only for driving a reduced external reset configuration word
value. The signals are sampled during the assertion of PORESET to set part of the bits of the Reset Configuration
Word Registers. The required signal levels must be maintained as long as HRESET is asserted. All other signal
drivers connected to these inputs must be tri-stated while HRESET is asserted. When RCW_SRC[0-2] equals 000,
the device loads all 64 bits of the RCW via RC[0-15] in four beats. In this case, RC[17-20] function as
RCW_LSEL[0-3] outputs that are asserted to load the RCW 16 bits at a time and RC21 is ignored. See Chapter 5,
Reset for details.

3.4 Memory Controller 1 and 2

Refer to Chapter 12, DDR SDRAM Memory Controller for details on configuring these signals.

Table 3-6. Memory Controller Signals

Signal Name Type Description

M1A[15-0] Output Address Bus

M2A[15-0] The memory interface address bus used to connect to external memory
devices. MAO is the Isb of the address driven by the DDR controller.

M1BA[2-0] Output Bank Address

M2BA[2-0] Selects the DDR DRAM bank. Each DDR SDRAM can support four or
eight logically addressable sub-banks. MBAO must connect to bit zero of
the SDRAM input bank address. This line is asserted during the mode
register set command to specify the extended mode register.

M1DQ[63-0] Input/ Data Bus

M2DQ[63-0] Output The MSC8156 device drives the bus during write cycles and the external
memory drives the bus during read cycles.

M1DM[8-0] Output DDR SDRAM Data Output Mask

M2DM[8-0] Masks unwanted data bytes transferred during a burst write. These signals
are used to support sub-burst-size transactions (such as single-byte
writes) on SDRAM in which all transactions occur in multi-byte bursts.
MDMO corresponds to the MSB and MDM7 corresponds to the LSB.
MDM8 acts as the ECC data mask.

M1DQS[8-0] Input/Output DDR SDRAM DQS

M2DQS[8-0] Strobe for byte-lane data capture. The signals are inputs driven by the
DDR SRAM with read data and outputs driven by the DDR controller with
write data. The data strobes may be single-ended or differential. Bit 8 is
used as the ECC data mask.

M1DQS[8-0] Input/Output | DDR SDRAM DQS Complement

M2DQS[8-0] Complement strobe for byte-lane data capture. The signals are inputs
driven by the DDR SRAM with read data and outputs driven by the DDR
controller with write data. The data strobes may be single-ended or
differential.

M1ECC[7-0] Input/Output | DDR Error Checking and Correcting Codes

M2ECC[7-0] As normal mode outputs the ECC signals represent the state of ECC
driven by the DDR controller on writes.

MSC8156 Reference Manual, Rev. 2
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SerDes Multiplexed Signals for the Serial RapidlO, PCI Express, and SGMII Interfaces

Table 3-6. Memory Controller Signals (Continued)

Signal Name Type Description

M1CK[2-0] Output DDR Clock Out

M2CK[2-0] The DDR clock output. Each signal is part of a differential pair.

M1CK[2-0] Output DDR Clock Out Inverted

M2CK[2—-0] The inverted DDR clock. Each signal is part of a differential pair.

M1CKE[1-0] Output Clock Enable

M2CKE[1-0] When asserted, this signal enables the DDR clock for the DDR DRAM.

M1RAS Output Row Address Strobe

M2RAS Connects to DDR DRAM RAS input. This line is asserted for activate
commands and is used for mode register set and refresh commands.

M1CAS Output Column Address Strobe

M2CAS Connects to DDR DRAM CAS input. This line is asserted for read or write
transactions and for mode register set, refresh, and precharge commands.

MIWE Output Write Enable o

M2WE Connects to DDR DRAM WE input.

M1CS[0-1] Output Chip Select 0-1

M2CS[0-1] Enables specific memory devices or peripherals connected to the bus.

M1MDIC[0-1] Input/Output | Driver Impedance Calibration

M2MDIC[0-1] These lines are used for automatic calibration of the DDR I/O.

M10ODT[0-1] Output On-Die Termination

M20DT[0-1] Memory controller outputs for the ODT to the SDRAM. Each signal
represents the corresponding chip select.

M1APAR_OUT Output Parity Output

M2APAR_OUT If enabled, drives the parity bit for the bus.

M1APAR_IN Input Parity Input

M2APAR_IN Receives the error indication from an open-drain parity error signal.

3.5 SerDes Multiplexed Signals for the Serial RapidIlO, PCI
Express, and SGMII Interfaces

Refer to Chapter 5, Reset, Chapter 16, Serial RapidlO Controller, Chapter 16, Serial RapidlO
Controller, and the QUICC Engine Block Reference Manual with Protocol Interworking for
configuration information.

Table 3-7. SerDes Multiplexed Signals

Signal Name Type Description
SR1 IMP_CAL_RX Input Serial RapidlO Controller 1 Receiver Impedance Control Signal
Receiver impedance calibration control signal.
SR1_IMP_CAL_TX Input Serial RapidIO Controller 1 Transmitter Impedance Control Signal
Transmitter impedance calibration control signal.
SR1_RXDO Input Serial RapidlO Controller 1 Receive Data 0
Serial data input for a x1 or x4 link. Each signal is part of a differential pair.
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Table 3-7. SerDes Multiplexed Signals (Continued)

Signal Name Type Description
SR1_RXDO Input Serial RapidlO Controller 1 Receive Data 0 Inverted
Inverted serial data input for a x1 or x4 link. Each signal is part of a differential
pair.
SR1_RXD1 Input Serial RapidlO Controller 1 Receive Data 1
Serial data input for a x4 link. Each signal is part of a differential pair.
SR1_RXD1 Input Serial RapidlO Controller 1 Receive Data 1 Inverted
Inverted serial data input for a x4 link. Each signal is part of a differential pair.
SR1_RXD2 Input Serial RapidlO Controller 1 Receive Data 2

Serial data input for a x4 link. Each signal is part of a differential pair.

SG1 RX Input Ethernet 1 SGMII Receive Data
Part of the Ethernet signals. For details, see the QUICC Engine Block
Reference Manual with Protocol Interworking.

SR1_RXD2 Input Serial RapidlO Controller 1 Receive Data 2 Inverted
Inverted serial data input for a x4 link. Each signal is part of a differential pair.

SG1 RX Input Ethernet 1 SGMII Receive Data Inverted
Part of the Ethernet signals. For details, see the QUICC Engine Block
Reference Manual with Protocol Interworking.

SR1_RXD3 Input Serial RapidlO Controller 1 Receive Data 3
Serial data input for a x4 link. Each signal is part of a differential pair.

SG2_RX Input Ethernet 2 SGMII Receive Data
Part of the Ethernet signals. For details, see the QUICC Engine Block
Reference Manual with Protocol Interworking.

SR1_RXD3 Input Serial RapidlO Controller 1 Receive Data 3 Inverted
Inverted serial data input for a x4 link. Each signal is part of a differential pair.

SG2_RX Input Ethernet 2 SGMII Receive Data Inverted
Part of the Ethernet signals. For details, see the QUICC Engine Block
Reference Manual with Protocol Interworking.

SR1_TXDO Output Serial RapidlO Controller 1 Transmit Data O

Serial data output for a x1 or x4 link. Each signal is part of a differential pair.
SR1_TXDO Output Serial RapidlO Controller 1 Transmit Data O Inverted

Inverted serial data output for a x1 or x4 link. Each signal is part of a differential

pair.
SR1_TXD1 Output Serial RapidlO Controller 1 Transmit Data 1

Serial data output for a x4 link. Each signal is part of a differential pair.
SR1_TXD1 Output Serial RapidlO Controller 1 Transmit Data 1 Inverted

Inverted serial data output for a x4 link. Each signal is part of a differential pair.
SR1_TXD2 Output Serial RapidlO Controller 1 Transmit Data 2

Serial data output for a x4 link. Each signal is part of a differential pair.

SG1_TX Output Ethernet 1 SGMII Transmit Data
Part of the Ethernet signals. For details, see the QUICC Engine Block
Reference Manual with Protocol Interworking.
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Table 3-7. SerDes Multiplexed Signals (Continued)

Signal Name

Type

Description

SR1_TXD2

SG1_TX

Output

Output

Serial RapidIO Controller 1 Transmit Data 2 Inverted
Inverted serial data output for a x4 link. Each signal is part of a differential pair.

Ethernet 1 SGMII Transmit Data Inverted
Part of the Ethernet signals. For details, see the QUICC Engine Block
Reference Manual with Protocol Interworking.

SR1_TXD3

SG2_TX

Output

Output

Serial RapidIO Controller 1 Transmit Data 3
Serial data output for a x4 link. Each signal is part of a differential pair.

Ethernet 2 SGMII Transmit Data
Part of the Ethernet signals. For details, see the QUICC Engine Block
Reference Manual with Protocol Interworking.

SR1_TXD3

SG2_TX

Output

Output

Serial RapidlO Controller 1 Transmit Data 3 Inverted
Inverted serial data output for a x4 link. Each signal is part of a differential pair.

Ethernet 2 SGMII Transmit Data Inverted
Part of the Ethernet signals. For details, see the QUICC Engine Block
Reference Manual with Protocol Interworking.

SR1_REF CLK

Input

Serial RapidIO Controller 1 Reference Clock
Reference clock signal. Each signal is part of a differential pair. For SGMII
operation, this provides the input clock.

SR1_REF_CLK

Input

Serial RapidlO Controller 1 Reference Clock Inverted
Inverted reference clock signal. Each signal is part of a differential pair. For
SGMII operation, this provides the input clock.

SR2_IMP_CAL_RX

Input

Serial RapidlO Controller 2 Receiver Impedance Control Signal
Receiver impedance calibration control signal.

SR2_IMP_CAL_TX

Input

Serial RapidlO Controller 2 Transmitter Impedance Control Signal
Transmitter impedance calibration control signal.

SR2_RXDO

PE_RXDO

Input

Input

Serial RapidlO Controller 2 Receive Data 0
Serial data input for a x1 or x4 link. Each signal is part of a differential pair.

PCIl Express Receive Data 0
Serial data input. Each signal is part of a differential pair. For details, see
Chapter 17, PCI Express Controller.

SR2_RXDO

PE_RXDO

Input

Input

Serial RapidlO Controller 2 Receive Data 0 Inverted
Inverted serial data input for a x1 or x4 link. Each signal is part of a differential
pair.

PCI Express Receive Data O Inverted
Inverted serial data input. Each signal is part of a differential pair. For details,
see Chapter 17, PCI Express Controller.

SR2_RXD1

PE_RXD1

SG2_RX

Input

Input

Input

Serial RapidlO Controller 2 Receive Data 1
Serial data input for a x4 link. Each signal is part of a differential pair.

PCI Express Receive Data 1
Serial data input. Each signal is part of a differential pair. For details, see
Chapter 17, PCI Express Controller.

Ethernet 2 SGMII Receive Data
Part of the Ethernet signals. For details, see the QUICC Engine Block
Reference Manual with Protocol Interworking.
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Table 3-7. SerDes Multiplexed Signals (Continued)

Signal Name Type Description

SR2_RXD1 Input Serial RapidlO Controller 2 Receive Data 1 Inverted
Inverted serial data input for a x4 link. Each signal is part of a differential pair.

PE_RXD1 Input PCI Express Receive Data 1 Inverted
Inverted serial data input. Each signal is part of a differential pair. For details,
see Chapter 17, PCI Express Controller.

SG2_RX Input Ethernet 2 SGMII Receive Data Inverted
Part of the Ethernet signals. For details, see the QUICC Engine Block
Reference Manual with Protocol Interworking.

SR2_RXD2 Input Serial RapidlO Controller 2 Receive Data 2
Serial data input for a x4 link. Each signal is part of a differential pair.

PE_RXD2 Input PCIl Express Receive Data 2
Serial data input. Each signal is part of a differential pair. For details, see
Chapter 17, PCI Express Controller.

SG1 RX Input Ethernet 1 SGMII Receive Data
Part of the Ethernet signals. For details, see the QUICC Engine Block
Reference Manual with Protocol Interworking.

SR2_RXD2 Input Serial RapidlO Controller 2 Receive Data 2 Inverted
Inverted serial data input for a x4 link. Each signal is part of a differential pair.

PE_RXD2 Input PCI Express Receive Data 2 Inverted
Inverted serial data input. Each signal is part of a differential pair. For details,
see Chapter 17, PCI Express Controller.

SG1 RX Input Ethernet 1 SGMII Receive Data Inverted
Part of the Ethernet signals. For details, see the QUICC Engine Block
Reference Manual with Protocol Interworking.

SR2_RXD3 Input Serial RapidlO Controller 2 Receive Data 3
Serial data input for a x4 link. Each signal is part of a differential pair.

PE_RXD3 Input PCI Express Receive Data 3
Serial data input. Each signal is part of a differential pair. For details, see
Chapter 17, PCI Express Controller.

SR2_RXD3 Input Serial RapidlO Controller 2 Receive Data 3 Inverted
Inverted serial data input for a x4 link. Each signal is part of a differential pair.

PEI_RXDO Input PCI Express Receive Data 1 Inverted
Inverted serial data input. Each signal is part of a differential pair. For details,
see Chapter 17, PCI Express Controller.

SR2_TXDO Output Serial RapidlO Controller 2 Transmit Data O
Serial data output for a x1 or x4 link. Each signal is part of a differential pair.

PE_TXDO Output PCI Express Transmit Data 0
Serial data output. Each signal is part of a differential pair. For details, see
Chapter 17, PCI Express Controller.
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Table 3-7. SerDes Multiplexed Signals (Continued)

Signal Name

Type

Description

SR2_TXDO

PE_TXDO

Output

Output

Serial RapidlO Controller 2 Transmit Data O Inverted
Inverted serial data output for a x1 or x4 link. Each signal is part of a differential
pair.

PCI Express Transmit Data O Inverted
Serial data output. Each signal is part of a differential pair. For details, see
Chapter 17, PCI Express Controller.

SR2_TXD1

PE_TXD1

SG2_TX

Output

Output

Output

Serial RapidIO Controller 2 Transmit Data 1
Serial data output for a x1 or x4 link. Each signal is part of a differential pair.

PCI Express Transmit Data 1
Serial data output. Each signal is part of a differential pair. For details, see
Chapter 17, PCI Express Controller.

Ethernet 2 SGMII Transmit Data
Part of the Ethernet signals. For details, see the QUICC Engine Block
Reference Manual with Protocol Interworking.

SR2_TXD1

PE_TXD1

SG2_TX

Output

Output

Output

Serial RapidlO Controller 2 Transmit Data 1 Inverted
Inverted serial data output for a x1 or x4 link. Each signal is part of a differential
pair.

PCI Express Transmit Data 1 Inverted
Inverted serial data output. Each signal is part of a differential pair. For details,
see Chapter 17, PCI Express Controller.

Ethernet 2 SGMII Transmit Data Inverted
Part of the Ethernet signals. For details, see the QUICC Engine Block
Reference Manual with Protocol Interworking.

SR2_TXD2

PE_TXD2

SG1_TX

Output

Output

Output

Serial RapidlO Controller 2 Transmit Data 2
Serial data output for a x1 or x4 link. Each signal is part of a differential pair.

PCI Express Transmit Data 2
Serial data output. Each signal is part of a differential pair. For details, see
Chapter 17, PCI Express Controller.

Ethernet 1 SGMII Transmit Data
Part of the Ethernet signals. For details, see the QUICC Engine Block
Reference Manual with Protocol Interworking.

SR2_TXD2

PE_TXD2

SG1_TX

Output

Output

Output

Serial RapidIO Controller 2 Transmit Data 2 Inverted
Inverted serial data output for a x1 or x4 link. Each signal is part of a differential
pair.

PCI Express Transmit Data 2 Inverted
Serial data output. Each signal is part of a differential pair. For details, see
Chapter 17, PCI Express Controller.

Ethernet 1 SGMII Transmit Data Inverted
Part of the Ethernet signals. For details, see the QUICC Engine Block
Reference Manual with Protocol Interworking.
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Table 3-7. SerDes Multiplexed Signals (Continued)

Signal Name Type Description

SR2_TXD3 Output Serial RapidlO Controller 2 Transmit Data 3
Serial data output for a x4 link. Each signal is part of a differential pair.

PE_TXD3 Output PCI Express Transmit Data 3
Serial data output. Each signal is part of a differential pair. For details, see
Chapter 17, PCI Express Controller.

SR2_TXD3 Output Serial RapidlO Controller 2 Transmit Data 3 Inverted
Inverted serial data output for a x1 or x4 link. Each signal is part of a differential
pair.

PE_TXD3 Output PCI Express Transmit Data 3 Inverted
Serial data output. Each signal is part of a differential pair. For details, see
Chapter 17, PCI Express Controller.

SR2_REF_CLK Input Serial RapidlO Controller 2 Reference Clock
Reference clock signal. Each signal is part of a differential pair. For SGMII
operation, this provides the input clock.

SR2_REF_CLK Input Serial RapidlO Controller 2 Reference Clock Inverted
Inverted reference clock signal. Each signal is part of a differential pair. For
SGMII operation, this provides the input clock.

Note:  For proper definition of serial RapidlO modes (x1/x4), PCI Express, and SGMII, configure the interfaces using the

Reset Configuration Word settings. For details, see Chapter 5, Reset.

3.6 TDM and Ethernet Signals

The TDM and RGMII signals are listed together because they are multiplexed using the same
signal lines. The GE1 and GE2 bits in the RCW control the selection between the TDM signals
and the RGMII signals. See Table 3-2 on page 3-2 for a detailed description of the multiplexing
options. Table 3-8 describes the signalsin this group.

Table 3-8. TDM and Ethernet Signals

Signal Name Type Description
TDM3TDT Input/ | TDM3 Serial Transmitter Data
Output | The serial transmit data signal for TDM 3. For configuration details, see Chapter 19, TDM
Interface.
GE1_RD3 Input | Ethernet 1 Receive Data 3
For details, see the QUICC Engine Block Reference Manual with Protocol Interworking.
TDM3TCK Input | TDM3 Transmit Clock
Transmit Clock for TDM 3. For configuration details, see Chapter 19, TDM Interface.
GE1_RD2 Input | Ethernet 1 Receive Data 2
For details, see the QUICC Engine Block Reference Manual with Protocol Interworking.
TDM3TSN Input/ | TDM3 Transmit Frame Sync
Output | Transmit frame sync for TDM 3. See Chapter 19, TDM Interface.
GE1_RX_CLK Input | Ethernet 1 Receive Clock
For details, see the QUICC Engine Block Reference Manual with Protocol Interworking.
MSC8156 Reference Manual, Rev. 2
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Table 3-8. TDM and Ethernet Signals (Continued)

Signal Name Type Description
TDM3RDT Input/ | TDM3 Serial Receiver Data
Output | The receive data signal for TDM 3. For configuration details, see Chapter 19, TDM Interface.
GE1_RDO Input | Ethernet 1 Receive Data 0
For details, see the QUICC Engine Block Reference Manual with Protocol Interworking.
TDM3RCK Input/ | TDM3 Receive Clock
Output | The receive clock signal for TDM 3. For configuration details, see Chapter 19, TDM Interface.
GE1_GTX_CLK Output | Ethernet 1 Output Transmit Clock
For details, see the QUICC Engine Block Reference Manual with Protocol Interworking.
TDM3RSN Input/ | TDM3 Receive Frame Sync
Output | The receive sync signal for TDM 3. For configuration details, see Chapter 19, TDM Interface.
GE1_RD1 Input | Ethernet 1 Receive Data 1
For details, see the QUICC Engine Block Reference Manual with Protocol Interworking.
TDM2TDT Input/ | TDM2 Serial Transmitter Data
Output | The transmit data signal for TDM 2. For configuration details, see Chapter 19, TDM Interface.
GE1_TX_CLK Input | Ethernet 1 Transmit Clock
For details, see the QUICC Engine Block Reference Manual with Protocol Interworking.
TDM2TCK Input | TDM 2 Transmit Clock
Transmit clock for TDM 2. For configuration details, see Chapter 19, TDM Interface.
GE1_TD3 Output | Ethernet 1 Transmit Data 3
For details, see the QUICC Engine Block Reference Manual with Protocol Interworking.
TDM2TSN Input/ | TDM2 Transmit frame Sync
Output | Transmit frame sync for TDM 2. For configuration details, see Chapter 19, TDM Interface.
GE1 _TX CTL Output | Ethernet 1 Transmit Control
For details, see the QUICC Engine Block Reference Manual with Protocol Interworking.
TDM2RDT Input/ | TDM2 Serial Receiver Data
Output | The receive data signal for TDM 2. For configuration details, see Chapter 19, TDM Interface.
GE1_TD1 Output | Ethernet 1 Transmit Data 1
For details, see the QUICC Engine Block Reference Manual with Protocol Interworking.
TDM2RCK Input/ | TDM2 Receive Clock
Output | The receive clock signal for TDM 2. For configuration details, see Chapter 19, TDM Interface.
GE1_TDO Output | Ethernet 1 Transmit Data O
For details, see the QUICC Engine Block Reference Manual with Protocol Interworking.
TDM2RSN Input/ | TDM2 Receive Frame Sync
Output | The receive sync signal for TDM 2. For configuration details, see Chapter 19, TDM Interface.
GE1_TD2 Output | Ethernet 1 Transmit Data 2
For details, see the QUICC Engine Block Reference Manual with Protocol Interworking.
TDM1TDT Input/ | TDM1 Serial Transmitter Data
Output | The transmit data signal for TDM 1. For configuration details, see Chapter 19, TDM Interface.
GE2_TDO Output | Ethernet 2 Transmit Data O

For details, see the QUICC Engine Block Reference Manual with Protocol Interworking.
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Table 3-8. TDM and Ethernet Signals (Continued)

Signal Name Type Description
TDM1TCK Input | TDM1 Transmit Clock
Transmit clock for TDM 1. For configuration details, see Chapter 19, TDM Interface.
GE2_RX_CLK Input | Ethernet 2 Receive Clock
For details, see the QUICC Engine Block Reference Manual with Protocol Interworking.
TDM1TSN Input/ | TDM1 Transmit Frame Sync
Output | Transmit frame sync for TDM 1. For configuration details, see Chapter 19, TDM Interface.
GE2_TD1 Output | Ethernet 2 Transmit Data 1
For details, see the QUICC Engine Block Reference Manual with Protocol Interworking.
TDM1RDT Input/ | TDM1 Serial Receiver Data
Output | The receive data signal for TDM 1. For configuration details, see Chapter 19, TDM Interface.
GE2_TX CLK Input | Ethernet 2 Transmit Clock
For details, see the QUICC Engine Block Reference Manual with Protocol Interworking.
TDM1RCK Input/ | TDM1 Receive Clock
Output | The receive clock signal for TDM 1. For configuration details, see Chapter 19, TDM Interface.
GE2_RD1 Input | Ethernet 2 Receive Data 1
For details, see the QUICC Engine Block Reference Manual with Protocol Interworking.
TDM1RSN Input/ | TDM1 Receive Frame Sync
Output | The receive sync signal for TDM 1. For configuration details, see Chapter 19, TDM Interface.
GE2_RX_CTL Input | Ethernet 2 Receive Control
For details, see the QUICC Engine Block Reference Manual with Protocol Interworking.
TDMOTDT Input/ | TDMO Serial Transmitter Data
Output | The transmit data signal for TDM 0. For configuration details, see Chapter 19, TDM Interface.
GE2_TD3 Output | Ethernet 2 Transmit Data 3
For details, see the QUICC Engine Block Reference Manual with Protocol Interworking.
TDMOTCK Input | TDM O Transmit Clock
Transmit Clock for TDM 0. For configuration details, see Chapter 19, TDM Interface.
GE2_GTX_CLK Output | Ethernet 2 Output Transmit Clock
For details, see the QUICC Engine Block Reference Manual with Protocol Interworking.
TDMOTSN Input/ | TDMO Transmit Frame Sync
Output | Transmit Frame Sync for TDM 0. For configuration details, see Chapter 19, TDM Interface.
GE2_RDO Input | Ethernet 2 Receive Data 0
For details, see the QUICC Engine Block Reference Manual with Protocol Interworking.
TDMORDT Input/ | TDMO Serial Receiver Data
Output | The receive data signal for TDM 0. For configuration details, see Chapter 19, TDM Interface.
GE2_RD3 Input | Ethernet 2 Receive Data 3
For details, see the QUICC Engine Block Reference Manual with Protocol Interworking.
TDMORCK Input/ | TDMO Receive Clock
Output | The receive clock signal for TDM 0. For configuration details, see Chapter 19, TDM Interface.
GE2_RD2 Input | Ethernet 2 Receive Data 2
For details, see the QUICC Engine Block Reference Manual with Protocol Interworking.
MSC8156 Reference Manual, Rev. 2
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Table 3-8. TDM and Ethernet Signals (Continued)

Signal Name Type Description

TDMORSN Input/ | TDMO Receive Frame Sync
Output | The receive sync signal for TDM 0. For configuration details, see Chapter 19, TDM Interface.

GE2_TD2 Output | Ethernet 2 Transmit Data 2
For details, see the QUICC Engine Block Reference Manual with Protocol Interworking.

GE2_TX _CTL Output | Ethernet 2 Transmit Control
For details, see the QUICC Engine Block Reference Manual with Protocol Interworking.

GE1 _RX _CTL Input | Ethernet 1 Receive Control
For details, see the QUICC Engine Block Reference Manual with Protocol Interworking.

GE_MDC Output | Ethernet Management Data Clock
For details, see the QUICC Engine Block Reference Manual with Protocol Interworking.

GE_MDIO Input/ | Ethernet Management Data Input/Output
Output | For details, see the QUICC Engine Block Reference Manual with Protocol Interworking.
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3.7 Serial Peripheral Interface (SPI) Signal Summary

Table 3-9 summarizes the Serial Peripheral Interface (SPI) signal lines, which are available in all modes.

Table 3-9. SPI Signals

Signal Name Type Signal Description
GPI1020 Input/ |General-Purpose Input Output 20
Output |One of 32 GPIOs. For details, see Chapter 22, GPIO. Valid in all modes.
SPI_SL Input |SPI Select
Enable input to the SPI slave in single master mode. In multi-master environment, SPI_SL
detects an error when more one master is operating. Assertion of an SPI_SL, while it is master,
causes an error.
GPIO19 Input/ |General-Purpose Input Output 19
Output |One of 32 GPIOs. For details, see Chapter 22, GPIO. Valid in all modes
SPI_MISO Input/ |SPI Master Input Slave Output
Output |When the SPI is a master, SPI_SCK is the clock input signal that shifts received data in from
SPI_MOSI and transmitted data out through SPI_MISO.
GPIO18 Input/ |General-Purpose Input Output 18
Output |One of 32 GPIOs. For details, see Chapter 22, GPIO. Valid in all modes.
SPI_MOSI Input/ |SPI Master Output Slave Input
Output |When the SPI is a master, SPI_SCK is the clock input signal that shifts received data in from
SPI_MOSI and transmitted data out through SPI_MISO.
GPIO17 Input/ |General-Purpose Input Output 17
Output |One of 32 GPIOs. For details, see Chapter 22, GPIO. Valid in all modes.
SPI_SCK Input/ |SPI Clock
Output |Gated clock, active only during data transfers. Four combinations of SPI_SCK phase and

polarity can be configured. When the SPI is a master, SPI_SCK is the clock output signal that
shifts received data in from SPI_MOSI and transmitted data out through SPI_MISO.

3.8 GPIO/Maskable Interrupt Signal Summary

Some of the GPIO and interrupt lines are multiplexed with other interfaces. Some of the lines are
independent. In addition to the hardware interrupt inputs, there are also several signal lines used
to reroute interrupts between the cores and an external host processor. Table 3-16 summarizes
the GPIO and interrupt signal lines.

Table 3-10. GPIO and Maskable Interrupt Summary

Signal Name

Type

Description

GPIO31

12C_SDA

Input/ General-Purpose Input Output 31
Output | One of 32 GPIOs. For details, see Chapter 22, GPIO.

Input/  |I1°C-Bus Data Line
Output | This is the data line for the I2C bus. For details, see Chapter 24, I2C.
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Table 3-10. GPIO and Maskable Interrupt Summary (Continued)
Signal Name Type Description
GPIO30 Input/ General-Purpose Input Output 30
Output | One of 32 GPIOs. For details, see Chapter 22, GPIO.
12C_SCL Input/ | 1°C-Bus Clock Line
Output | This the clock line for the I1°C bus. For details, see Chapter 24, 12C.
GPI1029 Input/ General-Purpose Input Output 29
Output | One of 32 GPIOs. For details, see Chapter 22, GPIO.
UART_TXD Output UART Transmit Data
For details, see Chapter 20, UART.
GPI1028 Input/ General-Purpose Input Output 28
Output | One of 32 GPIOs. For details, see Chapter 22, GPIO.
UART_RXD Input/ UART Receive Data
Output | For details, see Chapter 20, UART.
GPIO27 Input/ General-Purpose Input Output 27
Output | One of 32 GPIOs. For details, see Chapter 22, GPIO.
TMR4 Input/ Timer 4
Output | Configured as input to the counter or output from the counter. Selected through the GPIO
configuration. For details, see Chapter 22, GPIO. For timer functional details, see
Chapter 21, Timers.
RCW_SRCO Input Reset Configuration Word Source 0
Along with the RCW_SRC[1-2], this signal is sampled at the deassertion of PORESET to
identify the source of the reset configuration word. The required signal level must be
maintained as long as HRESET is asserted.
GPI1026 Input/ General-Purpose Input/Output 26
Output One of 32 GPIOs. For details, see Chapter 22, GPIO.
TMR3 Input/ Timer 3
Output | Configured as input to the counter or output from the counter. Selected through the GPIO
configuration. For details, see Chapter 22, GPIO. For timer functional details, see
Chapter 21, Timers.
GPIO25 Input/ General-Purpose Input Output 25
Output One of 32 GPIOs. For details, see Chapter 22, GPIO.
TMR2 Input/ Timer 2
Output | Configured as input to the counter or output from the counter. Selected through the GPIO
configuration. For details, see Chapter 22, GPIO. For timer functional details, see
Chapter 21, Timers.
RCW_SRC1 Input Reset Configuration Word Source 1
Along with the RCW_SRCJ0,2], this signal is sampled at the deassertion of PORESET to
identify the source of the reset configuration word. The required signal level must be
maintained as long as HRESET is asserted.
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Table 3-10. GPIO and Maskable Interrupt Summary (Continued)
Signal Name Type Description
GP1024 Input/ General-Purpose Input Output 24
Output | One of 32 GPIOs. For details, see Chapter 22, GPIO.
TMR1 Input/ Timer 1
Output | Configured as input to the counter or output from the counter. Selected through the GPIO
configuration. For details, see Chapter 22, GPIO. For timer functional details, see
Chapter 21, Timers.
RCW_SRC2 Input Reset Configuration Word Source 2
Along with the RCW_SRC[0-1], this signal is sampled at the deassertion of PORESET to
identify the source of the reset configuration word. The required signal level must be
maintained as long as HRESET is asserted.
GPI1023 Input/ General-Purpose Input Output 23
Output One of 32 GPIOs. For details, see Chapter 22, GPIO.
TMRO Input/ Timer O
Output | Configured as input to the counter or output from the counter. Selected through the GPIO
configuration. For details, see Chapter 22, GPIO. For timer functional details, see
Chapter 21, Timers.
GPI1022 Input/ General-Purpose Input Output 22
Output One of 32 GPIOs. For details, see Chapter 22, GPIO.
GPI021 Input/ General-Purpose Input Output 21
Output | One of 32 GPIOs. For details, see Chapter 22, GPIO.
GPI020 Input/ General-Purpose Input Output 20
Output One of 32 GPIOs. For details, see Chapter 22, GPIO.
SPI_SL Input SPI Select
Enable input to the SPI slave in single master mode. In multi-master environment,
SPI_SL detects an error when more one master is operating. Assertion of an SPI_SL,
while it is master, causes an error. For details, see the QUICC Engine Block Reference
Manual with Protocol Interworking.
GPIO19 Input/ General-Purpose Input Output 19
Output | One of 32 GPIOs. For details, see Chapter 22, GPIO.
SPI_MISO Input/ SPI Master Input Slave Output
Output | When the SPI is a master, SPI_SCK is the clock input signal that shifts received data in
from SPI_MOSI and transmitted data out through SPI_MISO. For details, see the QUICC
Engine Block Reference Manual with Protocol Interworking.
GPIO18 Input/ General-Purpose Input Output 18
Output One of 32 GPIOs. For details, see Chapter 22, GPIO.
SPI_MOSI Input/ SPI Master Output Slave Input
Output | When the SPI is a master, SPI_SCK is the clock input signal that shifts received data in
from SPI_MOSI and transmitted data out through SPI_MISO. For details, see the QUICC
Engine Block Reference Manual with Protocol Interworking.
GPIO17 Input/ General-Purpose Input Output 17
Output | One of 32 GPIOs. For details, see Chapter 22, GPIO.
SPI_SCK Input/ SPI Clock
Output | Gated clock, active only during data transfers. Four combinations of SPI_SCK phase and
polarity can be configured. When the SPI is a master, SPI_SCK is the clock output signal
that shifts received data in from SPI_MOSI and transmitted data out through SPI_MISO.
For details, see the QUICC Engine Block Reference Manual with Protocol Interworking.
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Table 3-10. GPIO and Maskable Interrupt Summary (Continued)
Signal Name Type Description
GPIO16 Input/ General-Purpose Input Output 16
Output | One of 32 GPIOs. For details, see Chapter 22, GPIO.
RC16 Input Reset Configuration Word Bit 16
Sampled during the assertion of PORESET to set part of the bits of the Reset
Configuration Word Registers.
GPIO15 Input/ General-Purpose Input Output 15
Output One of the 32 GPIOs. For details, see Chapter 22, GPIO.
IRQ15 Input Interrupt Request 15
External line that can request a service routine via the internal interrupt controller. For
details, see Chapter 13, Interrupt Handling.
DDNO Output | DMA External DONE Indication 0
When enabled by GPIO multiplexing, this signal is asserted to indicate that DMA request
0 is done. For details, see Chapter 14, Direct Memory Access (DMA) Controller,
RC15 Input Reset Configuration Word Bit 15
Sampled during the assertion of PORESET to set part of the bits of the Reset
Configuration Word Registers.
GPIO14 Input/ General-Purpose Input Output 14
Output | One of the 32 GPIOs. For details, see Chapter 22, GPIO.
IRQ14 Input Interrupt Request 14
External line that can request a service routine via the internal interrupt controller. For
details, see Chapter 13, Interrupt Handling.
DRQO Input DMA External Request 0
When enabled by GPIO multiplexing, asserting this input triggers external DMA request 0.
For details, see Chapter 14, Direct Memory Access (DMA) Controller,
RC14 Input Reset Configuration Word Bit 14
Sampled during the assertion of PORESET to set part of the bits of the Reset
Configuration Word Registers.
GPIO[13-5] Input/ General-Purpose Input Output 13-5
Output Nine of the 32 GPIOs. For details, see Chapter 22, GPIO.
IRQ[13-5] Input Interrupt Request 13-5
External lines that can request a service routine via the internal interrupt controller. For
details, see Chapter 13, Interrupt Handling.
RC[13-5] Input Reset Configuration Word Bit 13-5
Sampled during the assertion of PORESET to set part of the bits of the Reset
Configuration Word Registers.
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Table 3-10. GPIO and Maskable Interrupt Summary (Continued)

Signal Name Type Description

GPI04 Input/ General-Purpose Input Output 4
Output | One of the 32 GPIOs. For details, see Chapter 22, GPIO.

IRQ4 Input Interrupt Request 4
External lines that can request a service routine via the internal interrupt controller. For
details, see Chapter 13, Interrupt Handling.

DDN1 Output | DMA External DONE Indication 1
When enabled by GPIO multiplexing, this signal is asserted to indicate that DMA request
1is done. For details, see Chapter 14, Direct Memory Access (DMA) Controller,

RC4 Input Reset Configuration Word Bit 4
Sampled during the assertion of PORESET to set part of the bits of the Reset
Configuration Word Registers.

GPIO3 Input/ General-Purpose Input Output 3
Output One of the 32 GPIOs. For details, see Chapter 22, GPIO.

IRQ3 Input Interrupt Request 3
External line that can request a service routine via the internal interrupt controller. For
details, see Chapter 13, Interrupt Handling.

DRQ1 Input DMA External Request 1
When enabled by GPIO multiplexing, asserting this input triggers external DMA request 1.
For details, see Chapter 14, Direct Memory Access (DMA) Controller,

RC3 Input Reset Configuration Word Bit 3
Sampled during the assertion of PORESET to set part of the bits of the Reset
Configuration Word Registers.

GPIO[2-0] Input/ General-Purpose Input Output 2-0
Output | Three of the 32 GPIOs. For details, see Chapter 22, GPIO.

IRQ[2-0] Input Interrupt Request 2-0
External lines that can request a service routine via the internal interrupt controller. For
details, see Chapter 13, Interrupt Handling.

RC[2-0] Input Reset Configuration Word Bit 2—0
Sampled during the assertion of PORESET to set part of the bits of the Reset
Configuration Word Registers.
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Timer Signals

Table 3-11 describes the signals in this group.

Table 3-11. Timer Signals

Signal Name Type Description
TMR4 Input/ Timer 4
Output | Configured as input to the counter or output from the counter. Selected through the GPIO
configuration. For details, see Chapter 22, GPIO. For timer functional details, see
Chapter 21, Timers.
GPI027 Input/ General-Purpose Input Output 27
Output One of 32 GPIOs. For details, see Chapter 22, GPIO.
RCW_SRCO Input Reset Configuration Word Source 0
Along with the RCW_SRC[0-1], this signal is sampled at the deassertion of PORESET to
identify the source of the reset configuration word. The required signal level must be
maintained as long as HRESET is asserted.
TMR3 Input/ Timer 3
Output | Configured as input to the counter or output from the counter. Selected through the GPIO
configuration. For details, see Chapter 22, GPIO. For timer functional details, see
Chapter 21, Timers.
GP1026 Input/ General-Purpose Input Output 26
Output | One of 32 GPIOs. For details, see Chapter 22, GPIO.
TMR2 Input/ Timer 2
Output | Configured as input to the counter or output from the counter. Selected through the GPIO
configuration. For details, see Chapter 22, GPIO. For timer functional details, see
Chapter 21, Timers.
GPI1025 Input/ General-Purpose Input Output 25
Output | One of 32 GPIOs. For details, see Chapter 22, GPIO.
RCW_SRC1 Input Reset Configuration Word Source 1
Along with the RCW_SRC]J0,2], this signal is sampled at the deassertion of PORESET to
identify the source of the reset configuration word. The required signal level must be
maintained as long as HRESET is asserted.
TMR1 Input/ Timer 1
Output | Configured as input to the counter or output from the counter. Selected through the GPIO
configuration. For details, see Chapter 22, GPIO. For timer functional details, see
Chapter 21, Timers.
GPI1024 Input/ General-Purpose Input Output 24
Output | One of 32 GPIOs. For details, see Chapter 22, GPIO.
RCW_SRC2 Input Reset Configuration Word Source 2
Along with the RCW_SRC[0-1], this signal is sampled at the deassertion of PORESET to
identify the source of the reset configuration word. The required signal level must be
maintained as long as HRESET is asserted.
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Table 3-11. Timer Signals (Continued)

Signal Name

Type Description

TMRO

GPIO23

Input/ Timer O
Output

Configured as input to the counter or output from the counter. Selected through the GPIO
configuration. For details, see Chapter 22, GPIO. For timer functional details, see
Chapter 21, Timers.

Input/ General-Purpose Input Output 23
Output One of 32 GPIOs. For details, see Chapter 22, GPIO.

3.10 UART Signals

Table 3-12. UART Signals

Signal Name Type Description
UART_TXD Output UART Transmit Data
Selected through the GPIO configuration. For details, see Chapter 22, GPIO. For functional
details, see Chapter 20, UART.
GPI029 Input/ General-Purpose Input Output 29
Output One of 32 GPIOs. For details, see Chapter 22, GPIO.
UART_RXD Input/ UART Receive Data
Output | Selected through the GPIO configuration. For details, see Chapter 22, GPIO. For functional
details, see Chapter 20, UART.
GP1028 Input/ General-Purpose Input Output 28
Output\ | One of 32 GPIO pins used as GPIO or as a dedicated input or output. For details, see

Chapter 22, GPIO.

3.11 I°C Signals

Table 3-13. 1°C Signals

Signal _
Name Type Description
I2C_SDA Input/ | 1°C-Bus Data Line
Output This is the data line for the 12C bus. Selected through the GPIO configuration. For details, see
Chapter 22, GPIO. For functional details, see Chapter 24, 12C.
GPIO31 Input/ General-Purpose Input Output 31
Output One of 32 GPIOs. For details, see Chapter 22, GPIO. Valid in all modes.
12C_SCL Input/  |1?°C-Bus Clock Line
Output This the clock line for the 12C bus. Selected through the GPIO configuration. For details, see
Chapter 22, GPIO. For functional details, see Chapter 24, 12C.
GPIO30 Input/ General-Purpose Input/Output 30
Output One of 32 GPIOs. For details, see Chapter 22, GPIO. Valid in all modes.
MSC8156 Reference Manual, Rev. 2
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External DMA Signals

Table 3-14. External DMA Signals

Signal I
Name Type Description
DDNO Output DMA External DONE Indication O
When enabled by GPIO multiplexing, this signal is asserted to indicate that DMA request 0 is
done. For details, see Chapter 14, Direct Memory Access (DMA) Controller,
GPIO15 Input/ General-Purpose Input Output 15
Output One of the 32 GPIOs. For details, see Chapter 22, GPIO.
IRQ15 Input Interrupt Request 15
External line that can request a service routine via the internal interrupt controller. For details, see
Chapter 13, Interrupt Handling.
RC15 Input Reset Configuration Word Bit 15
Sampled during the assertion of PORESET to set part of the bits of the Reset Configuration Word
Registers.
DRQO Input DMA External Request 0
When enabled by GPIO multiplexing, asserting this input triggers external DMA request 0. For
details, see Chapter 14, Direct Memory Access (DMA) Controller,
GPIO14 Input/ General-Purpose Input Output 14
Output One of the 32 GPIOs. For details, see Chapter 22, GPIO.
IRQ14 Input Interrupt Request 14
External line that can request a service routine via the internal interrupt controller. For details, see
Chapter 13, Interrupt Handling.
RC14 Input Reset Configuration Word Bit 14
Sampled during the assertion of PORESET to set part of the bits of the Reset Configuration Word
Registers.
DDN1 Output DMA External DONE Indication 1
When enabled by GPIO multiplexing, this signal is asserted to indicate that DMA request 1 is
done. For details, see Chapter 14, Direct Memory Access (DMA) Controller,
GPI104 Input/ General-Purpose Input Output 4
Output One of the 32 GPIOs. For details, see Chapter 22, GPIO.
IRQ4 Input Interrupt Request 4
External lines that can request a service routine via the internal interrupt controller. For details,
see Chapter 13, Interrupt Handling.
RC4 Input Reset Configuration Word Bit 4
Sampled during the assertion of PORESET to set part of the bits of the Reset Configuration Word
Registers.
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Table 3-14. External DMA Signals (Continued)

Signal N
Name Type Description
DRQ1 Input DMA External Request 1
When enabled by GPIO multiplexing, asserting this input triggers external DMA request 1. For
details, see Chapter 14, Direct Memory Access (DMA) Controller,
GPIO3 Input/ General-Purpose Input Output 3
Output One of the 32 GPIOs. For details, see Chapter 22, GPIO.
IRQ3 Input Interrupt Request 3
External line that can request a service routine via the internal interrupt controller. For details, see
Chapter 13, Interrupt Handling.
RC3 Input Reset Configuration Word Bit 3
Sampled during the assertion of PORESET to set part of the bits of the Reset Configuration Word
Registers.

3.13 Other Interrupt Signals

Table 3-15 summarizes the other interrupt signal lines.

Table 3-15. Other Interrupt Signals

Signal Name Type Description

INT_OUT Output Interrupt Output
An open-drain output driven from the MSC8156 virtual interrupt 24. Assertion of this output
indicates that an unmasked interrupt is pending in the MSC8156 internal interrupt controller.

NMI Input Non-Maskable Interrupt
An external device may assert this line to generate a non-maskable interrupt to the MSC8156
device.

NMI_OUT Output | Non-Maskable Interrupt Output
An open-drain pin driven from the MSC8156 virtual interrupt 25. Assertion of this output
indicates that a non-maskable interrupt is pending in the MSC8156 internal interrupt controller,
waiting to be handled by an external host.
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3.14 OCE Event and JTAG Test Access Port Signals

The MSC8156 uses two sets of debugging signals for the two types of internal debugging
modules; OCE and the JTAG TAP controller. Each internal SC3850 core has an OCE module,
but they are all accessed externally by the same two signals eeo and Ee1. The M SC8156 supports
the standard set of test access port (TAP) signals defined by |EEE® Std. 1149.1™ Test Access
Port and Boundary-Scan Architecture specification and described in Table 3-16.

Table 3-16. JTAG TAP Signals

Signal Name Type Signal Description

EEO Input OCE Event Bit 0
Used for putting the internal SC3850 cores into Debug mode. Pulling the signal high asserts
the signal and requests that the cores enter Debug mode.

EE1 Output OCE Event Bit 1
Indicates that at least one on-chip SC3850 core is in Debug mode. A high output indicates
that at least one SC3850 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.

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

Asynchronous JTAG reset input. Initializes the TAP logic. This signal should always be
asserted with PORESET.
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Chip-Level Arbitration and Switching
System (CLASS) 4

The Chip Level Arbitration and Switching System (CLASS) is the central internal interconnect
system for the MSC8156 device. The CLASS is a non-blocking, full-fabric interconnect that
allows any initiator to access any target in parallel with another initiator-target couple. The
CLASS uses afully pipelined low latency design. The CLASS demonstrates per-target
prioritized round-robin arbitration, highly optimized to the target characteristics. The CLASS
operates at 500 MHz, and is separate from the SC3850 core frequency to provide an optimized
trade-off between power dissipation, memory technology, and miss latency. Controlling the
intradevice data flow, the CLASS reduces bottle necks and permits high bandwidth fully
pipe-lined traffic. The CLASS system is ready for use and does not require any special
configuration to perform non-blocking pipelined transactions from any initiator to any memory.
The configurable arbitration features described in this chapter are for fine-tuning the system for
specific application requirements.

The twelve CLASS initiators are;

B Six SC3850 core subsystems (initiator ports 0-5)

B Two MAPLE bridges (initiator ports 6-7)

B SerDes bridge shared by two Serial Rapidl O controllers and the PCI Express controller
(initiator port 8)

B Peripherals bridge shared by the SEC, four TDM interfaces, SPI, RGMII, SGMII, and
JTAG interface (initiator port 9)

B Two DMA controllers (initiator ports 10-11)

The eight CLASS targets are:

Configuration Control and Status Registers (CCSR) (target port 0)

MAPLE module (target port 1)

Three core subsystem bridges (two core subsystems per bridge) (target ports 2—4)
Two DDR controllers (target ports 5-6)

M3 memory (target port 7)

Reference Manual, Rev. 2
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The CLASS initiators and targets are shown in Figure 4-1. The arrows indicate the address
direction from initiator to target.

Target Devices

1 [}

: Extended Extended Extended :

| Core 4-5 Core 2-3 Core 0-1 DDR DDR 1

L CCSR ____ MAPLE _ _ _ _Bridge ___ _ Bridge_ _ _ _ _ Bridge_ __ Controller1 _ Controller2 _ _ _ 1 M3_ |
0 1 2 4 5 6 7

Target Ports
Chip Level Arbitration and Switching System (CLASS) ><

Initiator Ports

0 1 2 3 4 5 6 7 8 9 10 11

A A I I A I
Y Y ___Y_ ___Y____Y____Y____XY Y. __Y____Y_ ___ XY y__.
I Extended Extended Extended Extended Extended Extended MAPLE SerDes Peripherals [DMA Controller| 1
' Core0O Corel Core2 Core3 Core4 Coreb Bridge Bridge :
]

Initiator Devices

______________________________________________________________

Figure 4-1. CLASS Initiators and Targets in the MSC8156 Device

4.1 CLASS Features

The CLASS modules implement the following features:

Non blocking, full fabric interconnect.
Full bandwidth utilization toward each of the targets.
Allows full pipeline when a specific initiator accesses a specific target.

Allows full pipeline when accesses are generated by one or more initiators to specific
targets.

Read transactions can have a maximum pipeline of 16 acknowledged requests before
completing the transaction toward the initiator.

B Write transactions can have a maximum pipeline of 3 acknowledged requests before
completing the transaction toward the initiator.

Programmabl e priority mapping.

Programmabl e auto priority upgrade.

B Address decoding for target selection and multi target demultiplexing:

— Programmable address space start/end registers per target, for flexible address
decoding (resolution of 4 KB). Not supported in the reduced configuration option.

— Fixed priority between address decoding results which alows overlapping address
windows and deduction of address windows.
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Functional Description

B Per-target arbitration agorithm:
— 4 level prioritization
— Each level implements pseudo round-robin arbitration algorithm.
— Weighted arbitration
— Optimized data bus utilization mode
Programmable masking priority for starvation elimination.
Multiplexing the initiator buses according to the arbitration winner.
Normalizing mode that splits non-aligned transactions according to the target capabilities
(maximal burst size, power-of-2 burst, burst alignment, full size burst, data-beat
alignment, wrap size)
B Error detection and handling:
— The CLASS identifiesillegal addresses; addresses that do not belong to any of the
address windows or fall inside the negative windows.
— The CLASS storesthe illegal address, reports the error, and generates an interrupt.

B Debug and profiling unit (CDPU) support.

4.2 Functional Description

The CLASS is anon blocking interconnect between up to 16 initiators and up to 16 targets. The
main sub-blocks of the CLASS are: expander, multiplexer and arbiter, normalizer, and the
CLASS control interface (CCI) unit that implements the interface and interrupt lines and the
CLASS register files. The CLASS also implements an inherent debug and profiling unit (CDPU).

To implement the protocol that deals with the point-to-point bus, the CLASS includes an
expander module per initiator that performs address decoding and is used as sampling stage on
theinitiator side. Each expander modul e can detect an error address and generate an interrupt. For
more details about the expander module see Section 4.2.1. From the target side, the CLASS
includes a multiplexer and arbiter module and a normalizer module for each target. The
multiplexer and arbiter module performs a pseudo round-robin (RR) arbitration algorithm
between all the initiators and concentrates them toward one target. For details about multiplexer
and arbiter module see Section 4.2.2. Each multiplexer and arbiter module has a dedicated
normalizer module that is used as the sampling stage on the target side. The normalizer can also
be used for normalizing transactions. For more details about normalizer module see Section
4.2.3.
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Chip-Level Arbitration and Switching System (CLASS)
4.2.1 Expander Module and Transaction Flow

Each expander module connects to one initiator. The expander module performs address
decoding according to the configuration register settings. Each target is presented by a start
address and an end address that define awindow in the memory space. The address decoding is
done by checking whether the transaction address hits one of the active windows. Each expander
module is connected to all of the multiplexer and arbiter blocks in the CLASS to implement a
full-fabric and non-blocking interconnect between any initiator to any target. If the address
decoding hits in more than one window, the CLASS arbiter chooses a window by fixed priority
arbitration (target O has the lowest priority). After detecting the requested target and the arbiter
selects the target window, the expander modul e starts a transaction toward the associated
multiplexer and arbiter module. The CLASS prevents the possibility of simultaneous accessing to
more than one target by the same initiator. If there are accesses from one initiator to different
targets, the expander module start the transactions to other targets only after all the open accesses
to the current target are completed. The expander module is a sampling stage of transaction. For
each request (address + attribute), write data is sampled from the initiator and driven to the
normalizer module through multiplexer and arbiter module in the following clock cycle; read
datais sampled from the normalizer module through multiplexer and arbiter module and driven
to theinitiator in the following clock cycle.

4.2.2 Multiplexer and Arbiter Module

The multiplexer and arbiter module connects to all the expander modules on one side and to a
dedicated normalizer module on the other side. The multiplexer and arbiter module block isa
pure logic data path design, that supports up to 16 initiators, performs an arbitration, and
concentrates them towards a specific target normalizer module.

4221 CLASS Arbiter

The CLASS arbiter performs weighted arbitration algorithm for requestors simultaneously using
apseudo round-robin arbitration algorithm for each of the priority levels and chooses the highest
level request. The CLASS arbiter supports four priority levels, where 3 isthe highest and 0 isthe
lowest. The arbitration operation can be done every clock cycle or delayed according to the
number of datums of acknowledged transaction (Late Arbitration mode). The CLASS arbiter
supports priority upgrade, so the initiator can upgrade the priority level at any clock cycle.

To eiminate starvation for initiators with low priority, the Masking Priority should be enabled.
Starvation can occur when the higher priority initiators access continuously and the lower priority
initiators can not perform any access (no priority upgrade ability by the initiator and auto priority
upgrade in the expander module is disabled). When the Masking Priority is enabled, the arbiter
dedicates slots for lower priority initiator in which the higher priority initiators are masked.
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Functional Description

4.2.2.1.1 Weighted Arbitration

The CLASS arbiter supports limited weighted arbitration. Weighted arbitration is needed to
apply non-uniform distribution of the bandwidth from al initiators toward each target. Weighted
arbitration is configurable per CLASStarget and gives configurable weightsto each initiator. The
CLASS arbiter ensuresthat when aweighted initiator winsthe arbitration, it performs Weight + 1
consecutive transactions before transferring control to another initiator with the same or lower
priority level.

4.2.2.1.2 Late Arbitration

In late arbitration mode, the request isinitiated by the class arbiters as late as possible. At the end
of adata burgt, this can give better or worse performance for the initiators. The performance
depends on the bursty character of the application and the utilization to the target. This modeis
activated/deactivated by the appropriate bit in the COACR (see Section 4.8.26, CLASS
Arbitration Control Register (COACR)).

4.2.2.1.3 Priority Masking

When COACR[PME] is set, the class arbiters are configured to preserve cycle slots for low
priority accesses. They reserve 1/16 of all cyclesfor priority 0, 2/16 of all cyclesfor priority 1 or
0, and 2/16 of al cyclesfor priority 2, 1, or 0. This mode can decrease overall performance. This
is one of two approaches to eliminate starvation. The other isto use auto-priority upgrade.

4.2.2.1.4 Auto Priority Upgrade

This mode is activated by setting the COPACRX[AUE] bit (see Section 4.8.3, CLASSPriority
Auto Upgrade Control Registers (COPACRX)). When active, a pending request has its priority
upgraded to the next higher priority after a specified number of cycles specified by
COPAVRX[AUV] (see Section 4.8.2, CLASS Priority Auto Upgrade Value Registers
(COPAVRX)). The upgrade level and timing depend on the current priority value assigned, as
follows:

B For priority O requests, the priority is upgraded to priority 1 after AUV cycles.
B For priority 1 requests, the priority is upgraded to priority 2 after AUV/2 cycles.
B For priority 2 requests, the priority is upgraded to priority 3 (highest) after AUV/4 cycles.

The upgrade process continues until the request is processed or it reaches priority 3.
4.2.2.2 CLASS Multiplexer

The CLASS multiplexer includes two FIFOs that connect between the appropriate initiator and
the target. The FIFO depth is 16, thus enabling the multiplexer and arbiter module to deal with 16
open transactions, which received their request acknowledge and are waiting for the end-of-data
or end-of-transaction signals. The CLASS multiplexer is purelogic for the data path and does not
cause any latency.
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Chip-Level Arbitration and Switching System (CLASS)
4.2.3 Normalizer Module

Each normalizer module is connected to the appropriate multiplexer and arbiter module on one
side and to a specific CLASS target interface on the other side. Each normalizer module is used
asasampler for full pipeline towards the target. The normalizer module is the only module
within the CLASS that can manipulate the transaction (for example, splitting non-aligned
transactions). An internal signal is used to indicate that optimization is needed. Only the last
normalizer module on the way to the target is used for normalization. All the other normalizer
modules should be used only as samplers. The normalizer module supports the fast confirm
mechanism for writes.

4.2.4 CLASS Control Interface (CCI)

The CLASS control interface (CCI) enables access to the CLASS configuration, control, and
status registers. All write accesses to these registers should use supervisor mode. See Section 4.8
for programming details.

4.3 MSC8156 Initiator CLASS Access Priorities

Table 4-1 summarizes the priorities of the CLASS initiators when accessing targets over the
CLASS. The priority listed in thistable is the priority of the accesses by the initiator before any
CLASS remapping (that is, COPMRx = 0x3210). If the CLASS is remapped (using COPMRX),
this table represents the arrival priority of the initiator to the CLASS and not the new mapped
value. Note that start-up code (for example, the CodeWarrior initialization files) and boot code
can change the value of COPMRXx from its reset value.

Table 4-1. Initiator CLASS Access Priorities

Initiator Priority 0 Priority 1 Priority 2 Priority 3 comments
Cores and “Low” priority (0) NA NA NA
subsystems -
Prefetch
Cores and NA NA “High” priority (2) NA A core read transaction
subsystems - Read reaches the CLASS in

case of L1/L2 miss or
non-cacheable address

Cores and “Low” priority (0) NA “High” priority (2) NA
subsystems - Write | - Normal write - If the write stalls
the core
MAPLE ©) NA NA NA
SRIO - Inbound SRIO priority (0) | SRIO priority (1) | SRIO priority (2) NA
(IO, Maintenance,
Doorbell)
SRIO - Inbound NA SRIO priority (0), | SRIO priority (2) NA SRIO priority (0) and (1)
(Message) SRIO priority (1) both result in CLASS

priority 1
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Table 4-1. Initiator CLASS Access Priorities (Continued)

Initiator Priority O Priority 1 Priority 2 Priority 3 comments

RMU - BD Read NA NA Priority (2) NA

RMU - DATA Read Priority (0), Priority (2) NA NA Serial RapidIO priority

(Outbound Doorbell Priority (1) (0) and (1) both result in

or Message) CLASS priority O

OCNDMA BD Read 0) NA NA NA

OCNDMA DATA 0) NA NA NA

Read/Write

System DMA BD NA NA NA 3)

Read

System DMA DATA PP (0) PP (1) PP (2) PP (3) See Section 14.7.22.1,

Read/Write Buffer Attributes
(BD_ATTR) and
Section 14.7.22.2,
Multi-Dimensional
Buffer Attributes
(BD_MD_ATTR).

PCI Express NA NA 2 NA

Inbound

TDM NA Default Priority (1) NA Emergency (Defined

by progrmable
threshold of TDM
FIFO fill)

QUICC Engine Normal mode (0) | Normal mode (1) | Normal mode (2) | Normal/emergency | See Section 18.3.4,

subsystem mode (3) MBus Access and the
Serial DMA Mode
Register (SDMR) in the
QUICC Engine Block
Reference Manual with
Interworking Protocol.
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Chip-Level Arbitration and Switching System (CLASS)

4.4 CLASS Error Interrupts

The CLASS can generate one error interrupt that is common for all initiators. The error interrupt
is created when the CLASS receives a transaction request with an illegal address. Illegal
addresses are defined as any one of the following 2 cases:

1.  Anaddress which does not belong to any of the address space windows of the enabled
address decoders.

2. Anaddress which fals within any of the address space windows of the enabled error
address decoders.

When an illegal addressisidentified by the CLASS, the following events occur.

B Theassociated AEIX bit inthe CISR is set.

B The addressthat wasidentified asillegal is stored in the associated CEARX and
CEEARX. These registers are locked until the associated AEIx bit in the CISR is cleared
either by a hardware reset or by writing 1 to this bit.

Note: If the associated AEIX bit inthe CISR is already set when theillegal addressis
identified (dueto aprior illegal address), then the new error address is not stored.

If the corresponding AEIEx bit in the CIER is set, an IRQ isissued.

B The CLASS does not initiate a transaction to any target. However, the CLASS will
continue normally on the initiator side until completion, and report the error. In case of a
read transaction, the CLASS deliversinvalid data to the initiator.

W |f, at the time of the error transaction, there are open transactions that did not receive the

end-of-transaction, the expander module stalls all new transaction until all prior

transactions receive the end-of-transaction, close the error transaction, report the

end-of -transaction, report the error, and only then continue with subsequent transactions.

B Any subsequent requests with alegal address are serviced normally.

Note:. The CLASS does not produce an error when atransaction starts inside a target address
window and finishes outside of the window. This situation must be avoided by the user.
If it occurs, the results are unpredictable.

The error interrupt islogically ORed with internal error interrupts. The internal error interrupts
are associated with each initiator. Thus, the CLASS error interrupt is asserted when at least one
internal interrupt is asserted.
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CLASS Debug Profiling Unit
4.5 CLASS Debug Profiling Unit

The CLASS supports debug and profiling measurements by the CLASS debug and profiling unit
(CDPU).

45.1 Profiling
The user can configure the desired measurement in the CIPCRs and CTPCRs.

Note: For each CLASS module, only one PMM field among al COIPCRx and COTPCRXx can
be greater than 0 during profiling.

Y ou can activate the CDPU by:

B Writing a1 to the CPCR[PE] hit.
B Configuring awatch point event in CPCR[WPEC] field.

The CDPU is deactivated by:

B Writing a0 to the CPCR[PE] hit.

B Configuring awatch point event in CPCR[WPEC] field.

B Reaching atime-out in the CPTOR when the CPCR[TOE] hit is set.
B CPRCR overflow.

After the desired profiling mode has been chosen, activate the CDPU to perform the
measurement. At the beginning of every measurement, the CLASS Profiling Reference Counter
(CPRCR) starts counting the clock cycles. Read the CPISR[OVE] bit to verify that the
measurement is complete and that the profiling counter values are valid. If the CPISR[OVE] is
clear, read the profiling counters CPRCR and CPGCR and analyze the results.
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45.2 Watch Point Unit

The CLASS includes awatch point unit (WPU) for each of theinitiator interfaces and for each of
the target interfaces. The WPU can compare programmed values to the real transactions and
generate a watch point event when a match occurs.

Note:  For each CLASS module, only one WPEN field can be set among all COIWPCRx and
COTWPCRx when snooping watch point events. That is, only one watch point unit can
be active at atime.

Use the following steps to use the watch point unit:

Clear COPCR.
Clear COIPCRx and COTPCR.
For the time-out mechanism, program COPTOR and set the COPCR[TOE] bit.

Define the transaction to be monitored by writing the desired configuration to
COWPCR, COWPACR, COWPEACR, and COWPAMR.

Enable the watch point units through COIWPCRx and COTWPCR.

Set the COWPRCRJ[CE] hit to enable counting of the watch point events. If you use the
watch point events to enable/disable the profiling unit according to WPCE, clear this bit.

A w0 DdF

o

7.  After the measurement are finished check the following registers:

— Read the COPISR[OVE] bit.

— In time-out mode, read COPRCR.

— If COPISR[OVE] isset or if COPRCR isequal to COPTOR, the results are not valid.
— Read COPGCRX to get the number of watch point events during the measurement.
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CLASS Debug Profiling Unit
4.5.3 Event Selection

Events are selected using a combination of the CLASS watch point and profiling registers. Table
4-2 |lists the measurement modes, the required configuration settings, and the events measured by
the specific CLASS Profiling General Registers for each CLASS module. See Section 4.8 for the
register details.

Table 4-2. COPGCRXx Events Selection

Configuration Settings for Each Mode Events Measured

Measurement
Mode COWPCR COTPCR COTPCR COIPCRx

[CE] [TT] [PMM] [PMM]

None selected 0 — 00 00000 — — — —

Initiator Priority 0 — 00 00001 No. of No. of No. of No. of

and Initiator Initiator Initiator Initiator

Auto-Upgrade Requests | Requests | Requests Auto-
with with with Upgrade

Priority 1 Priority 2 Priority 3

Allows the user to profile a statistical distribution of transaction priorities. This information can be used to

consider whether other arbitration methods (priority mapping, Auto-upgrade, weighted arbitration, priority

mask enable) should be considered

Initiator Access 0 — 00 00010 Initiator No. of No. of No. of

Type Pending Initiator Initiator Initiator

Request Read Real Write | Fast Write
cycles(not | Requests | Requests | Requests

acknow- (not (not

ledged) confirmed) | confirmed)

Real/Fast confirmation refers to the type of eot for writes that are requested per MBus transaction.

« Real means that for coherency reasons the eot for write should be high only after the data is written to
the target.

« Fast means that for performance reasons the eot can be high even before the data is written to the
target.

Real/Fast confirmation support is initiator dependent and the user cannot change the related settings. A

summary follows below:

* DSP Cores
— Write through uses fast confirmation
— Write through with SYNCIO generate real confirmation
— Last burst in a line write-back is sent with real confirmation

« DMA. Channel transfers come with fast confirm and real confirm on the last data of a transfer.

« Serial RapidlO Inbound Transactions. When the transfer comes with a response (NWRITE_R), the last
data uses real confirmation and fast confirm for the previous transfer. For NWRITE, data is transferred
with fast confirmation

« Serial RapidlO Outbound Transactions. Supports fast confirm on the last data transfer per channel
transfer and fast confirm for the previous transfer.

¢ QUICC Engine and PCI Express Transactions. Always uses real confirmation

The resulting information can be used to redesign the code to minimize stalls related to real confirmations.

Use of large transactions reduces the number of real confirmations because they are only required for the

last beat of the transfer.

Initiator Stall 0 — 00 00011 No. of No. of stall — No. of stall
Write After | cyclesdue cycles due
Read to WAR to TS
(WAR) events events

events

By managing WAR and target switching, an initiator can enhance the performance for memory accesses

and thus minimize run time.

Note:  Stall at the initiator does not mean that the initiator target data phase is idle; it indicates the delay

after which the next access from the initiator starts at the target after a WAR or TS event.

COPGCRO | COPGCR1 | COPGCR2 | COPGCR3
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Table 4-2. COPGCRXx Events Selection (Continued)

Measurement
Mode

Configuration Settings for Each Mode Events Measured
COWPCR | COTPCR COTPCR COIPCRx
[CE] [TT] [PMM] [PMM] COPGCRO | COPGCR1 | COPGCR2 | COPGCR3

Initiator Priority
Upgrade

0 — 00 00100 Initiator Initiator Initiator —

Sample 0 | Samplel | Sample 2

Upgrade Upgrade Upgrade
cycles cycles cycles

Initiator Priority Upgrade measurement counts the number of cycles a low-priority transaction is upgraded
because a high-priority transaction was scheduled into the CLASS pipeline. This upgrading mechanism is
necessary to reduce the service latency of newly issued transactions because the CLASS is ordered in
nature and does not do preemption. A high-priority transaction could otherwise be delayed by preceding
lower priority accesses for long periods of time. The upgrade is to the priority level of the high-priority
transaction and it is only possible if the transaction is upgradable. The upgrade attribute of a transaction is
initiator dependent and it is hard-wired. The system DMA is the only initiator issuing non-upgradable
transactions. The counter measurements take place in the early stages of the CLASS pipeline at different
sample locations. Transactions in sample 0 are older than transactions on sample 1, and transactions in
sample 1 are older than the ones in sample 2. Any type of priority upgrade, including auto-upgrade, is
captured by these counters. These counters provide a good view of the starvation dynamics of the system.

Initiator Priority
Non-Upgrade

0 — 00 00101 Initiator Initiator Initiator —
Sample 0 | Samplel | Sample 2
No No No
Upgrade Upgrade Upgrade
cycles cycles cycles

Initiator Priority No-Upgrade measurement counts the number of cycles an older low-priority transaction is
not upgraded despite the fact that a newer high-priority is scheduled by the same initiator. Compare with
“Initiator Priority Upgrade”. This applies only to System DMA transactions because they are not upgradable
by default. All other initiator transactions can be upgraded. These counts are not very useful for
performance analysis, but they provide a good view of the starvation dynamics of the system.

Initiator 0 — 00 00110 Request No. of No. of non- —
Supervisor pending supervisor | supervisor
cycles accesses | accesses
Supervisor/user accesses can be used to profile the amount of time the OS spends running and how much
time is left for the users application. Effective for evaluating the core subsystem supervisor/user mode
usage. The implementation depends on the values configured in M_DSDAx[DAPU]/M_DSDAX[DAPS], and
so forth. See the SC3850 Core Subsystem Reference Manual for configuration details.
Initiator 0 — 00 00111 No. of No. of — —
Bandwidth Initiator Initiator
Read Data | Write Data
Acknow- Acknow-
ledges. ledges

Can be used to profile the number of data reads and writes. The amount of data that passes through the
initiator port = [(NumberOfReadAck + NumberOfWriteAck) x W]. where W is the port width. Note that an
access may be smaller than the port width.

Initiator-target
Bandwidth

0 — 00 10000+ T No. of No. of — —
Read Data | Write Data
Acknow- Acknow-
ledges ledges
between between
Initiator Initiator
and Target | and Target
T T

Can be used to profile the number of data reads and writes. between an initiator and a specific target The
amount of data that passes through the initiator port = [(NumberOfReadAck + NumberOfWriteAck) x WI].
where W is the port width. Note that an access may be smaller than the port width.
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Table 4-2. COPGCRXx Events Selection (Continued)

Configuration Settings for Each Mode Events Measured
Measurement COWPCR | COTPCR COTPCR COIPCRx
Mode
[CE] [TT] [PMM] [PMM] COPGCRO | COPGCR1 | COPGCR2 | COPGCR3
Arbitration 0 0 01 00000 No. of No. of No. of No. of
Winner Priority priority O priority 1 priority 2 priority 3
trans- trans- trans- trans-
actions at | actions at | actionsat | actions at
Target T Target T Target T Target T
Can be used to see the priority distribution for a target port
Target Access 0 1 01 00000 No. of No. of — —
Splitting M-byte N-byte
accesses | accesses
toward toward
target T. target T.
M= N =
Initiator Initiator
requests requests
(pre (post
splitting splitting
accesses) | accesses)
Target access splitting gives statistical information about the ratio between initiator and target accesses
towards every target. It returns the number of accesses in pre and post splitting. For example, say there
are only 2 types of accesses to some target #T: 64-Byte and 16-Byte, and this target only supports 16-Byte
accesses. Then, if the count shows 10000 initiator accesses and 34000 target accesses, this translates to
8000 x (64-Byte accesses) + 2000 x (16-Byte accesses), and they were split into 8000 x (4 x 16-Byte
accesses) + 2000 x (16-Byte access) = 32000 + 2000 = 34000 accesses
Arbitration 0 0 10 00000 Target T — — —
Collision Pending
Request
cycles
This represents the number of cycles with more than one request directed to Target T.
Target 0 1 10 00000 No. of No. of — —
Bandwidth Target T Target T
Read Data | Write Data
Acknow- Acknow-
ledges ledges
Can be used to profile the number of data reads and writes to Target T. The amount of data that passes
through the target port = [(NumberOfReadAck + NumberOfWriteAck) x W] where W is the port width.Note
that an access can be less than the port width
Target Stall 0 — 11 00000 No. of No. of stall — —
Write after | cyclesdue
Read to WAR
(WAR) events
events
By managing WAR event, the system designer can enhance memory access performance and thus
minimize run time.
Note: A WAR stall at the target does not mean that the target bus is idle. It indicates the delay after
which the next access from the initiator starts at the target after a WAR event.
Watch Point 1 — 00 00000 No. of — — —
Watch
Point
Event
Watch point event scan be snooped on any initiator and any target. It can be used for debug and also for
triggering profiling counts that are pre-configured, this is non-intrusive (eliminating the need to write to the
registers in the middle of an application)
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45.4

Debug and Profiling Events

The CLASS generates two event interrupts:

B Watch point event (WPE)
B Overflow event (OVE)

4.6
The CLASS implements 2 kinds of reset:

4.6.1

CLASS Reset

B Synchronous hard reset.
B Synchronous soft reset.

Soft Reset

Thiskind of reset has the following effects:

4.6.2

All the CLASS state machines return to their idle state.
All the CLASS operation FFsreturn to their idle state.

The CLASS configuration registers are reset as described in the table for each register in
Section 4.8, Programming Model.

Hard Reset

Thisreset brings all states machinesto idle state and sets all CLASS registers to the reset values.

4.7

Limitations

The CLASS does not support split transaction between targets. A split transaction starts
inside atargets address space but ends outside of thiswindow. The CLASS does not report
an error in this event and the results are unpredictable. Y ou must avoid this situation.

The CLASS does not support pipelined transactions between different targets by the same
initiator. The pipelineis stalled until all transaction to one target are closed before issuing
atransaction to a different target.

Arbitration Fairness. Requests with the higher priority levels may cause transactions with
lower priority levels not to be acknowledged, resulting in a starvation condition. This
situation can be prevented by using the auto priority upgrade supported by the expander
module and/or by the multiplexer and arbiter module priority mask mechanism.

Do not allow the TDM or QUICC Engine interfaces (Ethernet and SPI) to access the
MAPLE-B block.

Do not allow MAPLE-B to access itself.

Do not allow cores to access each other.
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4.8

Programming Model

Programming Model

All the CLASSregistersare 32-bit registers. All the read and write accesses are executed through the bus.
The CLASS modules use the following registers:

Z
S
@

CLASS Priority Mapping Registers (see page 4-16)

CLASS Priority Auto Upgrade Vaue Registers (see page 4-18)
CLASS Priority Auto Upgrade Control Registers (see page 4-19)
CLASS Error Address Registers (see page 4-20)

CLASS Error Extended Address Registers (see page 4-21)
CLASS Initiator Profiling Configuration Registers (see page 4-23)
CLASS Initiator Watch Point Control Registers (see page 4-25)
CLASS Arbitration Weight Registers (see page 4-26)

CLASS Start Address Decoder x (see page 4-27)

CLASS End Address Decoder x (see page 4-28)

CLASS Attributes Decoder x (see page 4-29)

CLASS IRQ Status Register (see page 4-30)

CLASS IRQ Enable Register (see page 4-31)

CLASS Target Profiling Configuration Register (see page 4-32)
CLASS Profiling Control Register (see page 4-33)

CLASS Watch Point Control Register (see page 4-34)

CLASS Watch Point Access Configuration Register (page 4-36)
CLASS Watch Point Extended Access Configuration Register (see page 4-37)
CLASS Watch Point Address Mask Register (see page 4-38)
CLASS Profiling Time Out Register (see page 4-39)

CLASS Target Watch Point Control Register (see page 4-40)
CLASS Profiling IRQ Status Register (see page 4-41)

CLASS Profiling IRQ Enable Register (see page 4-42)

CLASS Profiling Reference Counter Register (see page 4-42)
CLASS Profiling General Counter Registers (see page 4-43)
CLASS Arbitration Control Register (see page 4-44)

The base address for addressing CLASS registers is OxFFF18000.
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4.8.1 CLASS Priority Mapping Registers (COPMRX)

COPMR[0-11] CLASS Priority Mapping Registers Offset 0x800 + x*0x04
Bit 31 30 29 28 27 26 25 24 23 22 21 19 18 17 16

— | PB

Type R/W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Boot O 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8 7 6 5 2 1 0

PM3 — PM2 — PM1 — PMO

Type RIW

Reset 0 0 1 1 0 0 1 0 0 0 0 0 0

Boot O 0 1 1 0 0 1 0 0 0 0 0 0 1

COPMRX is used as a look-up table for mapping the priority received from the initiator. By
default the input priority is mapped to an identical value on the output. This register also
enables/disables the priority derivation feature.

Note:

Table 4-3 lists the COPMRXx bit field descriptions.

Table 4-3. COPMRXx Bit Descriptions

Y ou cannot write to this register while there are open CLASS transactions. The boot
overrrides the default reset value for COPMR[0-5] only.

Name Reset Description ‘ Settings
— 0 Reserved. Write to O for future compatibility.
31-17
PB 0 Priority Bypass 0 Filter the mapped priority with the priority
16 Enables/disables the priority derivation derivation mechanism.
mechanism. 1 Pass the mapped priority from initiator to target
with no filtering.
— 0 Reserved. Write to 0 for future compatibility.
15-14
PM3 11 Priority Mapping 3 00  Priority O
13-12 Holds the priority value assigned to 01 Priority 1
transactions that arrive with a value of 3. 10  Priority 2
11 Priority 3
— 0 Reserved. Write to 0O for future compatibility.
11-10
PM2 10 Priority Mapping 2 00  Priority O
9-8 Holds the priority value assigned to 01  Priority 1
transactions that arrive with a value of 2. 10  Priority 2
11 Priority 3
— 0 Reserved. Write to 0O for future compatibility.
7-6
PM1 01 Priority Mapping 1 00  Priority O
5-4 Holds the priority value assigned to 01  Priority 1
transactions that arrive with a value of 1. 10  Priority 2
11 Priority 3

Reference Manual, Rev. 2

4-16

Freescale Semiconductor



Programming Model

Table 4-3. COPMRXx Bit Descriptions (Continued)

Name Reset Description ‘ Settings
— 0 Reserved. Write to 0O for future compatibility.
3-2
PMO 0 Priority Mapping 0 00  Priority O
1-0 Holds the priority value assigned to 01  Priority 1
transactions that arrive with a value of 0. 10  Priority 2
11 Priority 3
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4.8.2 CLASS Priority Auto Upgrade Value Registers (COPAVRX)
COPAVR[0-11] CLASS Priority Auto Upgrade Value Registers Offset 0x840 + x*0x04

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

Type R/W
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

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

Type R/W
Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

COPAVRXx holds the value |oaded to the priority auto-upgrade counter.

Note:  You can writeto thisregister while there are open CLASS transactions. The AUV field
is loaded into the auto-upgrade counter only when you set the AUE bit in COPACRX.
Therefore, always update the AUV field in the COPAVRXx before you set the AUE hit.

Table 4-4 lists the COPAVRX bit field descriptions.
Table 4-4. COPAVRXx Bit Descriptions

Name Reset Description
— 0 Reserved. Write to O for future compatibility.
31-16
AUV OxFFFF | Auto-Upgrade Value
15—0 The value loaded into the auto-upgrade counter. The priority of the access determines which bits

of this value are used, as follows:

« Priority 0: All 16 bits are loaded into the counter.

 Priority 1: Bits 15—1 are loaded into bit 14-0 of the counter and a 0 into bit 15.
 Priority 2: Bits 15-2 are loaded into bits 13—0 of the counter and 0 into bits 15 and 14.
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4.8.3 CLASS Priority Auto Upgrade Control Registers (COPACRX)
COPACR[0-11] CLASS Priority Auto Upgrade Control Registers Offset 0x880 + x*0x04
Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Type R/W
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
_ AUE
Type R/W
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
COPACRXx controls the priority auto-upgrade mechanism.
Note:  You can write to this register while there are open CLASS transactions.
Table 4-5 lists the COPACRX bit field descriptions.
Table 4-5. COPACRX Bit Descriptions
Name Reset Description ‘ Settings
— 0 Reserved. Write to 0O for future compatibility.
31-1
AUE 0 Auto-Upgrade Enable 0 Auto-upgrade mechanism disabled.
0 Enables/disables the auto-upgrade 1 Auto-upgrade mechanism enabled.
mechanism.
Note:  This bit can only be cleared by a
hardware reset.
Reference Manual, Rev. 2
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4.8.4 CLASS Error Address Registers (COEARX)

COEAR[0-11] CLASS Error Address Registers Offset 0x980 + x*0x04

Bit 31 3 29 28 27 26 25 24 23 22 21 20 19 18 17 16
ERR_ADD

Type R

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

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

Type R

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

The COEAR is used to store the address (32 least significant bits) of theinternal transaction when
an error has been identified by the CLASS. When an error occurs and an error bit is set in the
COISR, theinternal transaction address is stored and the COEARX is locked and does not update
even if another error with a different transactions address occurs. Only when the AEIX bit in the
COISR is cleared (either by a hardware reset or by writing a1 toit) is COEARX unlocked.

Table 4-6 lists the COEARX bit field descriptions.
Table 4-6. COEARX Bit Descriptions

Name Reset Description
ERR_ADD 0 Error Address
31-0 This field stores the 32 Isbs of the address of the internal transaction that caused the error.

Note:  The generated interrupts correspond to the following sources:

— COEARQO = Address generated by core 0.

— COEARL = Address generated by core 1.

— COEAR2 = Address generated by core 2.

— COEAR3 = Address generated by core 3.

— COEAR4 = Address generated by core 4.

— COEARS = Address generated by core 5.

— COEARG = Address generated by MAPLE-B port O.

— COEAR7 = Address generated by MAPLE-B port 1.

— COEARS = Address generated by HSSI (serial RapidlO or PCI Express interface).

— COEAR9 = Address generated by SEC, QUICC Engine subsystem (Ethernet or SPI),
Debug system, or TDM.

— COEAR10 = DMA port O.

— COEAR11 = DMA port 1.
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4.8.5 CLASS Error Extended Address Registers (COEEARX)

COEEAR[0-11] CLASS Extended Error Address Registers  Offset 0x9CO + x*0x04
Bit 31 3 29 28 27 26 25 24 23 22 21 20 19 18 17 16

— | RW
Type R

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

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
— [ sA ] — | SRC_ID | ERR_ADD
Type R

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

The COEEAR stores the most significant 4 bits of the address of the internal transaction when an
error has been identified by the CLASS. Thisregister also stores the attributes and the source ID
of this transaction. When an error occurs and an error bit is set in the COISR, the internal
transaction address is stored and the COEEAR is locked and is not updated even if another error
with a different transactions address/attributes occurs. Only when the AEI bit inthe CISR is
cleared (either by a hardware reset or by writing al to it) is COEEAR unlocked.

Table 4-7 lists the COEEARX bit field descriptions.

Table 4-7. COEEARX Bit Descriptions

Name Reset Description ‘ Settings
— 0 Reserved. Write to 0 for future compatibility.
31-17
RW 0 Read/Write 0 Write.
16 This field indicates whether the transaction that caused the 1 Read.
error was a read or a write.
— 0 Reserved. Write to 0 for future compatibility.
15
SA 0 Supervisor Access 0 Not supervisor.
14 This field indicates whether the transaction that caused the 1  Supervisor.
error was in supervisor mode.
— 0 Reserved. Write to 0 for future compatibility.
13-9
SRC_ID 0 Source ID 0x00 Core 0
84 Identifies the source ID of the initiator that caused the error. 0x01 Core 1
0x02 Core 2
0x03 Core 3

0x06 MAPLE-B

0x07 MAPLE-B

0x08 DMA Controller

0x09 DMA Controller

0x0B QUICC Engine subsystem
0x0C Serial RapidlO Port 0
0x0D Serial RapidlO Port 1
OxOE TDM

All other values reserved.

ERR_ADD 0 Error Address
3-0 This field stores the 4 msbs of the address of the internal transaction that caused the error.
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4.8.6 CLASS Initiator Profiling Configuration Registers (COIPCRX)
COIPCR[0-11] CLASS Initiator Profiling Configuration Registers‘Offset OXA00 + x*0x04

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

Type R/W
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

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

Type R/W
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

COIPCRXx controls the CLASS initiator profiling measurements. Each initiator has a dedicated
COIPCR which is numbered according to the initiator number within each CLASS module. The
CLASS can perform only one measurement for a specific module at atime. Select the desired
measurement for the initiator, enter the PMM value in the associated COIPCR and make sure all
the other COIPCR and the COTPCR for that CLASS are cleared.

Note:  Only one PMM field among al COIPCRx and COTPCR can be greater than O during
profiling.

Table 4-8 lists the COIPCRXx bit field descriptions.
Table 4-8. COIPCRXx Bit Descriptions

Name Reset Description ‘ Settings
— 0 Reserved. Write to 0 for future compatibility.
31-5
PMM 0 Profiling Measurement Mode 00000 No measurement.
4-0 Determines the profiling measurement 00001 Initiator priority and auto-upgrade.
mode for the matching initiator. 00010 Initiator access type.

00011 Initiator stall.

Note:  This register can only be cleared | 45109 nitiator priority upgrade.
by a hardware reset. 00101 Initiator priority non-upgrade.

00110 Initiator supervisor.

00111 Initiator bandwidth.

01000-

01111 reserved

10000 Target O bandwidth.

10001 Target 1 bandwidth.

10010 Target 2 bandwidth.

10011 Target 3 bandwidth.

10100 Target 4 bandwidth.

10101 Target 5 bandwidth.

10110 Target 6 bandwidth.

10111 Target 7 bandwidth.

11000-

11111 reserved
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Table 4-9. Initiator Numbers

:\TLIJtr!natt)er Initiator Module
0 DSP core subsystem 0
1 DSP core subsystem 1
2 DSP core subsystem 2
3 DSP core subsystem 3
4 DSP core subsystem 4
5 DSP core subsystem 5
6 MAPLE port O
7 MAPLE port 1
8 HSSI
9 SEC, Ethernet, SPI, TDM, or
Debug
10 DMA port O
11 DMA port 1
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COIWPCR[0-11]

Programming Model

CLASS Initiator Watch Point Control Registers Offset 0xA40 + x*0x04

Type

Type

Bit 31 30 29 28 27 26 25 24 23 2 21 20 19 18 17 16
RIW
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
— IWPEN
RIW
0 0 0 0 0 0 0 0 0 0 0 0 0

Reset O 0 0

COIWPCRXx controlsthe Watch Point Unit operation for the associated initiator. The Watch Point
Unit monitors a specific access defined by the COWPCRx, COWPA CRx, COWPEACRX, and

COWPAMR. Eachinitiator can be enabled/disabled to monitor the selected access. Y ou can write
to thisregister while there are open CLASS transactions.

Note:  Only one WPEN field can be set among all COIWPCRx and COTWPCRx when
snooping watch point events.

Table 4-10 lists the COIWPCRX bit field descriptions.
Table 4-10. COIWPCRXx Bit Descriptions

Note:  This bit can only be cleared by a
hardware reset.

Name Reset Description ‘ Settings
— 0 Reserved. Write to 0 for future compatibility.
31-1
WPEN 0 Watch Point Enable 0 The watch point is disabled.
0 Enables/disables the auto-upgrade 1 The watch point is enabled.
mechanism.
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4.8.8 CLASS Arbitration Weight Registers (COAWRX)
COAWR[0-11] CLASS Arbitration Weight Registers Offset 0xA80 + x*0x04

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

Type R/W
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

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

Type R/W

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

The value in COAWRXx determines the arbitration weight for the associated initiator. An initiator
with arbitration weight of W is allowed to initiate up to W+1 consecutive transactions.

Note:  When another initiator requests for access with higher priority level, the CLASS Arbiter
chooses the higher priority request instead of the weighted winner.

Table 4-11 lists the COAWRKX hit field descriptions.
Table 4-11. COAWRX Bit Descriptions

Name Reset Description Settings
— 0 Reserved. Write to 0 for future compatibility.
31-4
WEIGHT 0 Weight Recommended Values:
3-0 Contains the arbitration weight assigned to | 0011 Use for COAWRO through COAWR9
the associated initiator. 0111  Use for COAWR10 and COAWR11
Note:  This register can only be cleared
by a hardware reset.

Using the reset values can result in poor initial system performance. Table 4-11 liststhe
recommended initial arbitration weight settingsto apply after reset to increaseinitial performance
levels during application development. These are just initial recommendations and can be
changed by the designer according to the application requirements. However, the recommended
settings will yield much higher performance than using the hardware default values. Asageneral
rule, these recommended settings select a weighted arbitration of 3 for cores, MAPLE-B,
Rapidl O controllers, and other peripheral controllers; these are controlled by COAWRO through
COAWR9. Use aweighted arbitration of 7 for DMA transactions, which are controlled by
COAWR10 and COAWR11. Also, see Table 4-29 for recommended initial settings for the
CLASS Arbitration Control Register (COACR).
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4.8.9 CLASSO Start Address Decoder x (COSADx)

COSADS CLASSO Start Address Decoders Offset 0xC00 +x*0x04
COSADG6

Bit 31 3 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| SA35 | SA34 | SA33 | SA32 | SA31 | SA30 | SA29 | SA28

R/W

Type
Reset
SAD5 O 0 0 0 0 0 0
SAD6 O 0 0 0 0 0 0

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

SA27 | SA26 | SA25 | SA24 | SA23 | SA22 | SA21 | SA20 | SA19 | SA18 [ SA17 | SA16 | SAL5 [ SA14 | SA13 | SA12
RIW

Type
Reset
SAD5 O 0 0 0 0 0 0 0

COSADx configure the address decoding of CLASS toward the DDR controllers (COSAD5 and
COSADG6). They contain the start address of the window assigned to the specific port.

0 0 0 0 0 0 0 0

To ensure proper operation, never modify the contents of the register while the specific
decoder is enabled. Always clear the associated CATDX[DEN] bit before changing the

contents of COSADX.
These registers are reset by a hardware reset only. Table 4-25 lists the COSADx bit field
descriptions.

Note:

Table 4-12. COSADx Bit Descriptions

Name Reset Description
— 0 Reserved. Write to 0 for future compatibility.
31-24
SA[35-12] Port 5 = 0x040000 (DDR1 start) | Start Address 35-12
23-0 Port 6 = 0x080000 (DDR2 start) | The 24 msb of the start address of the specified port window. The Isbs
are all zeros.

Note:  Never write to these registers when there are open transactions being handled by the
CLASS to the specified target controlled by the register.
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4.8.10 CLASS End Address Decoder x (COEADX)
COEADS5 CLASS End Address Decoders Offset 0xC40 + x*0x04
COEADG6

Bit 31 30 29 28 27 26 25 24 23 2 21 20 19 18 17 16
— |EA35|EA34|EA33|EA32|EA31|EA30|EA29|EA28

Type R/W

Reset

EAD5 O 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1
EAD6 O 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
EA27 | EA26 | EA25 | EA24 | EA23 | EA22 | EA21 | EA20 | EA19 | EA18 | EALT [ EAL6 | EALS | EAL4 | EAL3 | EAL2
Type R/W

Reset

EAD5 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

EAD6 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

COEADx configure the address decoding of CLASS toward the DDR controllers (COEAD5 and
COEADG). They contain the end address of the window assigned to the specific port.

Note:  To ensure proper operation, never modify the contents of the register while the specific
decoder is enabled. Always clear the associated CATDX[DEN)] bit before changing the
contents of COEADX.

These registers are reset by a hardware reset only. Table 4-25 lists the COEADX bit field
descriptions.

Table 4-13. COEADx Bit Descriptions

Name Reset Description
— 0 Reserved. Write to 0 for future compatibility.
31-24
EA[35-12] Port 5 = 0xO5FFFF (DDR1 end) | End Address 35-12

23-0 Port 6 = OXO9FFFF (DDR2 end) | The 24 msb of the end address of the specified port window. The Isbs
are all zeros. You must make sure that this value is greater than or
equal to the start address for the same window. If the end address is
equal to the start address, the window size is 4 Kbytes.

Note:  Never write to these registers when there are open transactions being handled by the
CLASS to the specified target controlled by the register.
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4.8.11 CLASS Attributes Decoder x (COATDXx)

COATD5 CLASSO Attributes Decoders Offset 0xC80 + X*0x04
COATDG6

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

Type R/W
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

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

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

COATDx controls the functionality of each specific decoder for CLASS toward the DDR
controllers (COATD5 and COATD®6). They contain the bit that enables/disables the specific port.

If adecoder isdisabled, it never indicates a hit, even if the address corresponds to the decoder
address window. In this case the CLASS treats the space asif it is not assigned to any port.
However, any transaction that was acknowledged up to and including the cycle in which DEN is
cleared continues normally until completed.

Note:  To ensure proper operation, do not enable the specific decoder before the start and end
addresses are specified in the associated COSADx and COEADX.

These registers are reset by a hardware reset only. Table 4-25 lists the COATDx bit field
descriptions.

Table 4-14. COATDx Bit Descriptions

Name Reset Description Settings
— 0 Reserved. Write to 0 for future compatibility.

31-1

DEN 1 Decoder Enable 0 Disables the decoder.
0 Enables/disables the specified decoder. 1 Enables the decoder.

Note:  Never write to these registers when there are open transactions being handled by the
CLASS to the specified target controlled by the register.
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4.8.12 CLASS IRQ Status Register (COISR)
COISR CLASS IRQ Status Register Offset 0xD80

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

Type R/W
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
— |AEIL1[AEIL10| AEI9 | AEI8 | AEI7 | AEI6 | AEI5 | AEI4 | AEI3 | AEI2 | AEIL | AEIO
Type R/W

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

The COISR indicates when an event occurs that requires the generation of an interrupt. Thereisa
dedicated bit for each initiator. An interrupt is generated only when a status bit is set and the
corresponding bit in the IRQ Enable register is set. Bits are cleared by writing ones to them.
Writing a zero has no effect.

Note:  You can writeto or read thisregister at any time. The register isreset by a hard or soft
reset.

Table 4-15 lists the COISR hit field descriptions.
Table 4-15. COISR Bit Descriptions

Name Reset Description ‘ Settings
— 0 Reserved. Write to 0 for future compatibility.
31-12
AEI[11-0] 0 Address Error Interrupt 11-0 0 Noerror.
11-0 A bit is set if for a received transaction 1  Error detected.

request, it does not belong to any port
address space or falls inside one of the
error areas.
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4.8.13 CLASS IRQ Enable Register (COIER)

COIER CLASS IRQ Enable Register Offset 0xDCO

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

Type R/W
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
— |AE|E11|AE|E10| AEIE9Q | AEIE8 | AEIE7 | AEIE6 | AEIE5 | AEIE4 | AEIE3 | AEIE2 | AEIEL | AEIEO
Type R/W

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

The COIER is used to enable/disable the generation of interrupts that have occurred. Thereisa
dedicated bit for each initiator. If a COIER bit is cleared the corresponding bit in the COISR is
masked. This register isreset by the hardware reset only.

Table 4-16 lists the COIER bit field descriptions.

Table 4-16. COIER Bit Descriptions

Name Reset Description ‘ Settings
— 0 Reserved. Write to 0 for future compatibility.
31-12
AEIE[11-0] 0 Address Error Interrupt Enable 0 Interrupt masked.
11-0 Used to enable/disable the address error 1 Interrupt enabled.
interrupt for an initiator.
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4.8.14 CLASS Target Profiling Configuration Register (COTPCR)
COTPCR CLASS Target Profiling Configuration Register Offset OXEQO

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

Type R/W
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
— | 1] — | TN | — |  PMM
Type R/W

Reset O 0 0 0 0 0 0

o
o
o
o
o
o
o
o
o

COTPCR is used to control the CLASS target profiling measurements. Each CLASS module can
perform only one measurement for a specific module at atime. Usethe valuesof TT and TN to
select the module. Use the PMM value to select the measurement. Only write the PMM value to
this register when all the COIPCRx are cleared.

Note:  For each CLASS module, you can only monitor one transaction. Therefore, only one
PMM field in COIPCRx and COTPCR can be greater than 0 during profiling.

Table 4-17 liststhe COTPCR bit field descriptions.
Table 4-17. COTPCR Bit Descriptions

Name Reset Description Settings
— 0 Reserved. Write to 0 for future compatibility.
31-13
TT 0 Target Type 0 Arbiter.
12 Selects the module used for target 1 Normalizer.
profiling. Used with PMM. See PMM
settings.
— 0 Reserved. Write to 0 for future compatibility.
11
TN 0 Target Number 000 CCSR
10-8 Indicates the number of selected target. 001 MAPLE
010 Core 4 and 5 Bridge
011 Core 2 and 3 Bridge
100 Core 0 and 1 Bridge
101 DDR1
110 DDR2
111 M3
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Table 4-17. COTPCR Bit Descriptions (Continued)

Name Reset Description Settings
— 0 Reserved. Write to 0 for future compatibility.
7-2
PMM 0 Profiling Measurement Mode IfTT=0:
1-0 Selects the profiling measurement forthe | 00 No profiling measurement.
selected target. 01 Arbitration winner priority measurement.

10 Collisions measurement.

11 reserved.

fFTT=1:

00 No profiling measurement.

01 Transaction splitting measurement.
10 Bandwidth measurement.

11 Stall measurement.

4.8.15 CLASS Profiling Control Register (COPCR)
COPCR CLASS Profiling Control Register Offset OXEOQ4

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

Type R/W
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
— | WPEC | — | TOE | — | PE
Type R/W

Reset O 0 0 0 0 0 0

o
o
o

0 0 0 0 0 0

COPCR controls the CLASS profiling operation. The register is reset only by a hardware reset.
Table 4-18 lists the COPCR bit field descriptions.

Table 4-18. COPCR Bit Descriptions

Name Reset Description Settings
— 0 Reserved. Write to 0 for future compatibility.
31-10
WPEC 0 Watch Point Event Configuration 00  No effect.
9-8 Controls the effects of a Watch Point Unit | 01  Assertion of watch point event sets PE.
event. 10  Assertion of watch point event clears PE.
11  Assertion of watch point event toggles PE.
— 0 Reserved. Write to 0O for future compatibility.
7-5
TOE 0 Time-Out Enable 0 Time-out function disabled.
4 Enables/disables the time-out mechanism. | 1 Time-out function enabled.
— 0 Reserved. Write to 0O for future compatibility.
3-1
PE 0 Profiling Enable 0  Profiling unit disabled.
0 Enables/disables the debug profiling unit 1  Profiling unit enabled.
operation.
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4.8.16 CLASS Watch Point Control Registers (COWPCR)

COWPCR CLASS Watch Point Control Registers Offset OXEO8
Bit 31 3 29 28 27 26 25 24 23 22 21 20 19 18 17 16

_ | UPE
Type RIW

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

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
WCE |EATE| — | SIE | PRE | BCE |ATRE|ATAE| — |SPVE|RWE | AE | CE
Type R/W

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

COWPCR controls the CLASS watch point unit operation. Y ou can configure this register to
monitor a selected access type and count the number of timesit occurs. The register is reset only
by a hardware reset. Table 4-19 lists the COWPCR bit field descriptions.

Table 4-19. COWPCR Bit Descriptions

Name Reset Description ‘ Settings
— 0 Reserved. Write to 0 for future compatibility.
31-17
UPE 0 Upgradeable Compare Enable 0 Upgradeable type compare disabled.
16 Enables/disables the time-out mechanism. | 1 Upgradeable type compare with COWPEACR
enabled.
WCE 0 Write-with-Confirm Compare Enable 0  Write-with-confirm type compare disabled.
15 Enables/disables the write-with-confirm 1 Write-with-confirm type compare with
type comparison. COWPEACR enabled.
EATE 0 EOT Attributes Compare Enable 0 EOT attributes compare disabled.
14 Enables/disables the EOT attributes 1 EOT attributes compare with COWPEACR
comparison. enabled.
— 0 Reserved. Write to 0 for future compatibility.
13
SIE 0 Source ID Compare Enable 0 Source ID compare disabled.
12 Enables/disables the source ID 1 Source ID compare with COWPEACR enabled.
comparison.
PRE 0 Priority Level Compare Enable 0  Priority level compare disabled.
11 Enables/disables the priority level 1  Priority level compare with COWPEACR
comparison. enabled.
BCE 0 Byte Count Compare Enable 0 Byte count compare disabled.
10 Enables/disables the byte count field 1 Byte count compare with the field in
comparison. COWPEACR enabled.
ATRE 0 Atomic Result Compare Enable 0  Atomic result type compare disabled.
9 Enables/disables the atomic result type 1 Atomic result type compare with COWPACR
comparison. enabled.
ATAE 0 Atomic Access Compare Enable 0 Atomic access type compare disabled.
8 Enables/disables the atomic access type 1  Atomic access type compare with COWPACR
comparison. enabled.
— 0 Reserved. Write to 0 for future compatibility.
7-4
SPVE 0 Supervisor Access Compare Enable 0 Supervisor type compare disabled.
3 Enables/disables supervisor access 1  Supervisor type compare with COWRACR
comparison. enabled.
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Table 4-19. COWPCR Bit Descriptions (Continued)

Name Reset Description Settings
RWE 0 Read/Write Compare Enable 0 Read/write type compare disabled.
2 Enables/disables read/write type 1 Read/write type compare with COWPACR
comparison. enabled.
AE 0 Address Compare Enable 0 Address compare disabled.
1 Enables/disables comparison of the 1 Address compare with COWPACR enabled.
access address.
CE 0 Count Enable 0 Counter 1 disabled for watch point events.
0 Enables/disables the counter for watch 1  Counter 1 enabled for watch point events.
point events.
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4.8.17 CLASS Watch Point Access Configuration Register (COWPACR)

COWPACR CLASS Watch Point Access Configuration Registers Offset OXEOC
Bit 31 3 29 28 27 26 25 24 23 22 21 20 19 18 17 16
ATR | ATA | — | SPV | RW | ADDR
Type R/W

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

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

Type R/W
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

COWPACR, aong with COWPEACR, configures the selected accessto monitor. The watch point
monitoring occurs only if the respective function is enabled in the COWPCR. Theregister isreset
only by a hardware reset. Table 4-20 lists the COWPACR bit field descriptions.

Table 4-20. COWPACR Bit Descriptions

Name Reset Description Settings
ATR 0 Atomic Result 0 Atomic access failed.
31 Defines the atomic result type to monitor. 1 Atomic access succeeded.
ATA 0 Atomic Access 0 Non-atomic access.
30 Defines the atomic access type to monitor. | 1 Atomic access.
— 0 Reserved. Write to 0 for future compatibility.
29-26
SPV 0 Supervisor Access 0 Non-supervisor access.
25 Defines the supervisor access type to 1 Supervisor access.
monitor.
RW 0 Read/Write Access 0 Write.
24 Defines the access type to monitor. 1 Read.
ADDR 0 Address[35-12]
23-0 This field, along with the ADDM field in

COWPAWMR, defines the start and range
of the addresses the watch point unit
monitors.

Note:  For every hitin
COWPAMR[ADDM] that is
cleared, make sure the
corresponding bit is cleared in the
ADDR. The bit location in ADDM
(b) corresponds to the b + 12 bit
location in ADDR.
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4.8.18 CLASS Watch Point Extended Access Configuration Register
(COWPEACR)

COWPEACR CLASS Watch Point Extended Access Configuration Registers  Offset OXE10

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
P [wc | — ] EATTR | —

Type R/W

Reet 0 0 0O O o0 O O o0 O ©O0 0 0 0 0 0 O

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

Type R/W

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

COWPEACR, along with COWPACR, configures the selected accessto monitor. The watch point
monitoring occurs only if the respective function is enabled in the COWPCR. Theregister isreset
only by a hardware reset. Table 4-21 lists the COWPEACR hit field descriptions.

Table 4-21. COWPEACR Bit Descriptions

Name Reset Description Settings
UP 0 Upgradeable Access 0 Non-upgradeable access.
31 Defines the upgradeable access type to 1 Upgradeable access.

monitor.
wcC 0 Write-with-Confirm Access 0 Fast confirm access.
30 Defines the write-with-confirm accesstype | 1 Write-with-confirm access.
to monitor.
— 0 Reserved. Write to 0 for future compatibility.
29-28
EATTR 0 EOT Attributes 0x0-
27-24 Defines the EOT attributes to monitor. 0x7 Reserved

0x8 Target port 0 CCSRs

0x9 Target port 1 MAPLE-B

OxA Target port 2 Reserved

0xB Target port 3 Cores 2 and 3
OxC' Target port 4 Cores 0 and 1
0xD Target port 5 DDRC1 memory
OXE Target port 6 DDRC2 memory
OxF Target port 7 M3 memory

— 0 Reserved. Write to 0 for future compatibility.
23-16
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Table 4-21. COWPEACR Bit Descriptions (Continued)

Name Reset Description Settings
Sl 0 Source 0x00 Core0
15-11 Defines the source ID to monitor. 0x01 Corel
0x02 Core2
0x03 Core3
0x04 Core 4
0x05 Core 5
0x06 MAPLE Port 0
0x07 MAPLE Port 1
0x08 SerDes Bridge
0x09 Peripherals Bridge
OxOA DMA Port 0
0x0OB DMA Port 1
PR 0 Priority 00 Priority O (highest)
10-9 Defines the priority level to monitor. 01 Priority 1
10 Priority 2
11 Priority 3 (lowest)
BC 0 Byte Count The byte count to monitor can be from 1 to 511
8-0 This field defines the value of the byte bytes.
count that the watch point unit monitors.
4.8.19 CLASS Watch Point Address Mask Registers (COWPAMR)
COWPAMR CLASS Watch Point Address Mask Registers Offset OXE14
Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Type R/W
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
— | ADDM
Type R/W
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

COWPAMR controls the address range monitored by the watch point unit. The register is reset
only by ahardware reset. Table 4-22 lists the COWPAMR bit field descriptions.
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Table 4-22. COWPAMR Bit Descriptions

Name Reset Description Settings
— 0 Reserved. Write to 0 for future compatibility.
31-8
ADDM 0 Address Mask 00000000 Aligned with a range of 1 MB.
7-0 Defines the range and alignment | 10000000 Aligned with a range of 512 KB.
of the address to monitor if 11000000  Aligned with a range of 256 KB.
address monitoring is enabled. 11100000  Aligned with a range of 128 KB.
The start address is definedin | 11710000  Aligned with a range of 64 KB.
COWPACRIADDR]. - 11111000  Aligned with a range of 32 KB.
Note:  Forevery bitin ADDM | 1111145 aligned with a range of 16 KB
that is cleared, make . . ’
sure the corresponding 11111110  Aligned with a range of 8 KB.
bit is cleared in the 11111111 Aligned with a range of 4 KB.
COWPACR. All other values are reserved.

4.8.20 CLASS Profiling Time-Out Registers (COPTOR)

COPTOR CLASS Profiling Time-Out Registers Offset OXE18

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

Type R/W

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

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

Type R/W
Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

COPTOR is used to stop the profiling unit operation. When the COPRCR reaches the value stored
in COPTOR and COPCR[TOE] is set, the CLASS clears the COPCR[PE] bit to disable the
profiling unit. When COPCR[PE] clears, the CLASS stops all profiling counters. The register is
reset only by a hardware reset. Table 4-23 lists the COPTOR bhit field descriptions.

Table 4-23. COPTOR Bit Descriptions

Name Reset Description
TO OXFFFFFFFF | Time-Out
31-0 Holds the time-out value used to stop the profiling unit when the time-out function is enabled.
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4.8.21 CLASS Target Watch Point Control Registers (COTWPCR)
COTWPCR CLASS Target Watch Point Control Registers Offset OXE1C

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

Type R/W
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

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

— |WPEN7|WPEN6|WPEN5|WPEN4|WPEN3|WPEN2|WPEN1|WPENO
Type R/W

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

The COTWPCR controls the watch point unit operation for CLASS targets. The watch point unit
monitors a specific access defined in COWPCR, COWPACR, COWPEACR, and COWPAMR.
Each target can be enabled/disabled for monitoring the specified accesstype. The register is reset
by ahard reset only.

Note:  Only one WPEN field can be set among all the COIWPCRx and COTWPCR. That is,
only one watch point unit can be active at atime.

Table 4-15 lists the COTWPCR bit field descriptions.
Table 4-24. COTWPCR Bit Descriptions

Name Reset Description ‘ Settings
— 0 Reserved. Write to 0 for future compatibility.
31-8
WPEN[7-0] 0 Watch Point Enable 7-0 0 The watch point unit for the associated target is
7-0 Each bit enables monitoring of access by disabled.
the associated target. 1 The watch point unit for the associated target is
enabled.
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4.8.22 CLASS Profiling IRQ Status Register (COPISR)
COPISR CLASS Profiling IRQ Status Registers Offset OXE20

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

Type R/W
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
— | WPE | OVE
Type R/W

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

COPISR indicates that awatch point event occurred or that the COPRCR overflowed. An interrupt
is generated if the status bit is set and the corresponding bit in COPIERX is set to enable the
interrupt. Y ou can write to or read the register at any time. Write a1 to abit to clear it; writing a
0 has no effect. Theregister isreset by ahard or soft reset. Table 4-25 lists the COPISR bit field
descriptions.

Table 4-25. COPISR Bit Descriptions

Name Reset Description Settings
— 0 Reserved. Write to O for future compatibility.
31-2
WPE 0 Watch Point Event 0 No watch point event occurred.
1 Enables monitoring of access by the 1  Watch point event captured.
associated target.
OVE 0 Overflow Event 0 No overflow occurred.
0 Enables monitoring of access by the 1 COPRCR overflowed (reached OxFFFFFFFF)
associated target. during the last measurement.
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4.8.23 CLASS Profiling IRQ Enable Register (COPIER)
COPIER CLASS Profiling IRQ Enable Registers Offset OxE24

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

Type R/W
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
— |WPEE|OVEE
Type R/W

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

COPIER enables/disables the generation of interrupts by the debug profiling unit. Y ou can write
to the register at any time. The register is reset by a hard reset only. Table 4-26 lists the COPIER
bit field descriptions.

Table 4-26. COPIER Bit Descriptions

Name Reset Description Settings
— 0 Reserved. Write to 0 for future compatibility.
31-2
WPEE 0 Watch Point Event Enable 0  Watch point interrupt is masked.
1 Enables/disables a watch point interrupt. 1  Watch point interrupt is enabled.
OVEE 0 Overflow Event Enable 0 Overflow interrupt is masked.
0 Enables/disables an overflow interrupt. 1 Overflow interrupt is enabled.

4.8.24 CLASS Profiling Reference Counter Register (COPRCR)

COPRCR CLASS Profiling Reference Counter Registers Offset OXE40

Bit 31 3 29 28 27 26 25 24 23 22 21 20 19 18 17 16
coT

Type R

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

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

Type R
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

COPRCR isthe reference counter for all profiling measurements. This read-only register counts
the number of cycles occurring during the profiling measurement or during the watch point unit
operation. The counter starts counting from zero when the profiling unit is enabled. The COPRCR
stops when the profiling unit is disabled, or when the COPRCR reaches the value stored in
COPTOR and TOE is set, which causes the CLASS to clear the PE bit to disable the profiling
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unit. When PE clears, the CLASS stops all profiling counters. The register isreset only by a
hardware reset only. Table 4-27 lists the COPRCR bit field descriptions.

Table 4-27. COPRCR Bit Descriptions

Name Reset Description
CNT 0 Counter
31-0 Holds the reference counter for the profilers.

4.8.25 CLASS Profiling General Counter Registers (COPGCRXx)

COPGCR[0-3] CLASS Profiling General Counter Registers  Offset 0XE44 + x*0x04

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

Type R

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

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

Type R
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

COPGCRXx is used to count profiling unit or watch point unit events. This read-only register
counts the number of cycles occurring during the profiling measurement or during the watch
point unit operation. The counter starts counting from zero when the profiling unit is enabled.
The COPRCR stops when the profiling unit is disabled, or when the COPRCR reaches the value
stored in COPTOR and TOE is set, which causes the CLASS to clear the PE bit to disable the
profiling unit. When PE clears, the CLASS stops all profiling counters. The register is reset only
by a hardware reset. Table 4-28 lists the COPGCR bit field descriptions.

Table 4-28. COPGCR Bit Descriptions

Name Reset Description

CNT 0 Counter

31-0 Holds the counter value of the selected measurement. Table 4-2 lists the measurements counted
by each counter for each configuration combination.
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4.8.26 CLASS Arbitration Control Register (COACR)

COACR CLASS Arbitration Control Registers Offset OxFCO
Bit 31 3 29 28 27 26 25 24 23 22 21 20 19 18 17 16

— | PME | —

Type RIW

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

— | LA7 [ LA | LA5 | LA4 | LA3 | LA2 | LAL | LAO

Type RIW

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

The COACR controls the CLASS arbiters. There is a dedicated bit for each arbiter that controls
the Late Arbitration mode of the associated arbiter. When Late Arbitration mode is enabled, the
arbiter delays the decision according to the size of the last winner access. The arbiter calcul ates
the number of cyclesto alow until awinner decision must be made. Thisis done to keep the bus
aways full, and make the winner decision as late as possible. When Late Arbitration modeis
disabled, the arbiter makes a decision every clock cycle.The register isreset by ahard reset only.
Table 4-29 lists the COACR hit field descriptions.

Table 4-29. COACR Bit Descriptions

Name

Reset

Description ‘

Settings

31-29

Reserved. Write to O for future compatibility.

PME
28

Priority Mask Enable 0
Enables/disables the operation of the 1
priority mask unit for starvation elimination.

Priority mask disabled.
Priority mask enabled.

27-8

Reserved. Write to 0O for future compatibility.

LA[7-0]
7-0

Late Arbitration 7-0 0

Enables/disables late arbitration mode for | 1

the associated arbiter.

Note:  As with the arbitration weight (see
Section 4.8.8, CLASS Arbitration
Weight Registers (COAWRX), on
page 4-26), the default value for
this field does not yield optimal
performance. Freescale
recommends that after reset,
write a value of OxFC to this field.
This value assigns late arbitration
to the cores, the M2 memory,
DDR memory, and the M3
memory. This is just an initial
value, and can be changed
according to the application
requirements and system traffic.

Late arbitration disabled.
Late arbitration enabled.
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The reset and control signals provide many options for MSC8156 operation by configuring
various modes and features during power-on reset. Most of these features are configured by
loading a reset configuration word to the MSC8156 device that combine with afew direct
configuration inputs sampled during the reset sequence. This section describes the various ways
to reset and configure the MSC8156 device.

5.1

Reset Operations

The MSC8156 has severa inputs to the reset logic:

Power-on reset (PORESET)
Externa hard reset (HRESET)
External soft reset (SRESET)
Software watchdog reset
JTAG reset

Rapidl O reset

Software hard reset
Software soft reset

All of these reset sources are fed into the reset controller and, depending on the source of the
reset, different actions are taken. The reset status register described in Section 5.3.3 indicates the
|ast sources to cause a reset.
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51.1 Reset Sources
Table 5-1 describes reset sources.

Table 5-1. Reset Sources

Name Description

Power-on reset (PORESET) Input pin. Asserting this pin initiates the power-on reset flow that resets all the device and
configures various attributes of the device including its clock modes.

Hard reset (HRESET) This is a bidirectional I/O pin. The MSC8156 can detect an external assertion of
HRESET only if it occurs while the MSC8156 is not asserting reset. During HRESET,
SRESET is asserted. HRESET is an open-drain pin.

Soft reset (SRESET) Bidirectional I/0 pin. The MSC8156 can only detect an external assertion of SRESET if it
occurs while the MSC8156 is not asserting reset. SRESET is an open-drain pin.

Software watchdog reset After the MSC8156 watchdog timer counts to zero, a software watchdog reset is
generated. The enabled software watchdog event then generates an internal hard reset
sequence.

RapidlO reset When the RapidIO logic asserts the RapidlO hard reset signal, an internal hard reset
sequence is generated.

JTAG reset When JTAG logic asserts the JTAG soft reset signal, an internal soft reset sequence is
generated.

Software hard reset A hard reset sequence can be initialized by writing to a memory mapped register (RCR)

Software soft reset A soft reset sequence can be initialized by writing to a memory mapped register (RCR)

51.2 Reset Actions

The MSC8156 reset control logic determines the cause of reset, synchronizesit if necessary, and
resets the appropriate internal hardware. Each reset flow has different impact on the device logic.
Power-on reset has the greatest impact, resetting the entire device, including clock logic and error
capture registers. Hard reset resets the entire device excluding clock logic and error capture
registers, while Soft reset initializes the internal logic while maintaining the system
configuration. All reset types generate a reset to the cores. The memory controllers, system
protection logic, interrupt controller, and I/O pins areinitialized only on hard reset. Soft reset
initializes the internal logic while maintaining the system configuration. Asserting external
SRESET generates a soft reset to the DSP cores and to the remainder of the device. Table 5-2
identifies reset actions for each reset source.
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Table 5-2. Reset Actions for Each Reset Source

Reset Operations

Performance Monitor

Clocks and HSSI PLLs and Logic SRESET
PLLs - Reset
. Timers . . Other ————— | and Soft
Reset Logic . Configuration HRESET
Reset Source CLASS (most registers, see Internal . Reset
Error Capture . . Words . Driven .
Registers Section 4.8, Programming Loaded Logic Driven to
9 Model, on page 4-15 for Cores
details)
» Power-on Yes Yes Yes Yes Yes Yes
reset
» External No Yes No Yes Yes Yes
hard reset
 Software
watchdog
reset
* RapidlO
reset
» Software
hard reset
» External soft No No No Yes No Yes

reset

* JTAG soft
reset

» Software soft
reset

5.1.3

Power-On Reset Flow

Assertion of the external PORESET signal initiates the power-on reset flow. PORESET should be
asserted externally for at least 32 input clock cycles after stable external power is applied to the
MSC8156 device. When PORESET is deasserted, the M SC8156 starts the configuration process.
The MSC8156 asserts HRESET and SRESET throughout the power-on reset sequence, including
during configuration. Configuration time varies according to the configuration source and CLKIN
frequency. Initially, the reset configuration inputs are sampled to determine the configuration

source and the input clock division mode. Next, the M SC8156 starts |oading the reset

configuration words. When the clock mode values in the reset configuration word low load, the
PLLs begin to lock, after locking, each PLL distributes clock signals to the device. When all
clocks are locked and the reset configuration words are loaded, HRESET isreleased. SRESET is
released 21 or 36 clocks later (depending on the reset configuration word source).
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5.1.4

Detailed Power-On Reset Flow

The detailed power-on reset (PORESET) flow for the MSC8156 is as follows:

1.
2.
3.

10.

Note:

11.

12.

13.

The user asserts PORESET (and optionally HRESET).
Power is applied to meet the specificationsin the MSC8156 Technical Data Sheet.

The user asserts PORESET (and optionally HRESET) causing all registers to be initialized
to their default states and most 1/O driversto be tri-stated (some clock, clock enabled,
and system control signals are active).

The user applies a stable cLkIN signal and stable reset configuration inputs (RCw_SRC,
RC, STOP_BS).

Deassert PORESET after at least 32 stable cLKIN clock cycles; counting the 32 cycles
should only start after V op,o has reached its nominal val ue as specified in the MSC8156
Technical Data Sheet.

The device samples the reset configuration input signals to determine the reset
configuration word source.

The device starts loading the reset configuration word. Loading time depends on the
reset configuration word source.

Once Reset Configuration Word Low is loaded, the system PLL beginsto lock.

The device keeps driving HRESET low until all PLLs are locked and the reset
configuration words are |oaded.

Deassert the optional HRESET, if not done earlier.

The JTAG logic must aways be initialized by asserting TRST. There is no need to
assert SRESET when HRESET is asserted.

The internal reset to the cores and the remaining logic is deasserted. 1/O drivers are
enabled.

After HRESET is deasserted, it can take 41000 OCN cycles for the SerDes block to exit
reset and lock itsinternal PLL. Read the HSSI_SR[SERDES1_RST_DONE] and
HSSI_SR[SERDES2 _RST_DONE] bits to determine when the SerDesreset is
complete. See the High Speed Seria Interface Status Register (HSSI_SR] description in
Chapter 8 General Configuration Registers for details.

If enabled, the HSSI complex interfaces are now ready to accept external requests, and
the core boot code fetch can proceed, if enabled. The MSC8156 isnow initsready state.

Figure 5-1 shows atiming diagram of the power-on reset flow.
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End loading reset
(_ configuration words.

. Duration depends on source

g > \ \ \ \ Co
CLKIN stable clock 1 1 o
S0 Min.32 | 1 | o
PORESET | Gles [ : | -
(input) L | | \ PLLs are locked (no . .
b Lo ! ! external indication) '
HRESET . . o ‘ | I .
(output) ' : : ‘ ‘ f{ + Deviceis
T . ‘ ‘ ‘ - ready
SRESET . . S 1 : 1 o
(output) | . l 1 l 1‘
TRST | [ 1 1 1 L
(input) ‘ | | ‘ Do
Reset Configuration — : : 1 : 3 X
input signals L L 1 l 1 /\
Reset Configuration L : / 3 1 \ L
Words loading ‘ L\ l 1 / o

L ! ' Start loading reset
Co | . configuration words

Figure 5-1. Power-On Reset Flow
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Figure 5-2 shows atiming diagram of power-on reset flow with Rcw_src = 000. In this mode,
the external pins RC[15-0] are sampled four timesin order to get all the 64 bits RCW.

L

CLKIN stable clock !
Min. 32
SAOECET CLKIN |
PORESET cycles ! ! ! ] ! ! . PLLs are
(input) ' ‘ ' ' ' locked (no !
L S L | | . external
oo ' ' indication) |
HRESET o o ~a
(output) L ‘ | ‘ | \ \ ‘ ' o
‘ ! ‘ ‘ ‘ ‘ ! ‘ ‘ Device is
: 1 ready

SRESET D L | | | | : /7
(output) _ L L 1 1 ‘ ! -

TRST N ‘
(input) L /

Reset Configuration ™ " ; : X
input signals L ‘ ‘ ‘ \ \ ‘ w !

RC[15:0] ! ]
(input) ‘
‘ Start loading rese

conflguratlon words

>< -
><]- -
<

\ End loading reset
; ; . configuration words.

s
. JovTelamon
[o:SI]aHN\oa
[9I1T€]HHN\OH

RCW_LSEL_0 ]

(output)

RCW LSEL1 L

(output)

RCW_LSEL_2 L]

(output)

RCW_LSEL_3 u

(output)

Figure 5-2. Power-on Reset Flow for RCW_SRC = 000
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5.1.5 HRESET Flow

The HRESET flow may be initiated externally by asserting HRESET or internally when the

M SC8156 detects a reason to assert HRESET. In both cases, the device continues asserting
HRESET and SRESET throughout the HRESET flow. The hard reset sequence timeis 1286 CLKIN
cycles. The reset configuration source, the reset configuration word, and the input clock division
mode are not affected by hard reset (they are only affected by a power-on reset), so the M SC8156
immediately configures the device. After the configuration sequence completes, the M SC8156
releases both HRESET and SRESET signals and exits the HRESET flow. Use an external pull-up
resistor to deassert the signals. After deassertion is detected, the device waits for a 16-cycle
period before testing the presence of an external (hard/soft) reset. The HSSI complex logic and
PLL areout of reset after about 41000 OCN cycles. Read the HSSI  SR[SERDES1 RST_DONE]
and HSSI_SR[SERDES2 RST DONE] bitsto determine when the SerDesreset is complete. See
the High Speed Seria Interface Status Register (HSSI _SR] description in Chapter 8 General
Configuration Registersfor details.

Note: Because the M SC8156 does not sample the reset configuration signals (RCW_SRc, RC,
sToP_BS) during a hard reset flow, setting a new value on those pins (different from
the settings during power-on reset) has no effect.

Figure 5-3 shows atiming diagram of the hard reset flow.

Reset Configuration ‘
Input signals

CLKIN | stable clock
PORESET
(input) | ‘ L ‘ ‘ ‘ D
HRESET \ 1 1 1 1 1 1,—1
(input or output) \ — 1 1 1 /| Deviceis
EE— I S 1 1 I D ready
SRESET —\ Y
(output) | —

Figure 5-3. Hard Reset Flow
5.1.6 SRESET Flow

The srReseT flow isinitiated externally by asserting SRESET or internally when the M SC8156
detects a cause to assert SRESET. In both cases, the M SC8156 asserts SRESET for 512 cLKIN clock
cycles, after which the M SC8156 rel eases SRESET and exitsthe SRESET state. An external pull-up
resistor should be used to deassert SRESET; after deassertion is detected, the device waits for a
16-cycle period before testing for the presence of an external (hard/soft) reset. When SRESET is
asserted, internal hardware is reset, but the hard reset configuration does not change.
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5.2 Reset Configuration

The MSC8156 isinitialized using two complementary methods. Initially, asmall number of input
signals (Rcw_sRcio-2]) are sampled during the first two CLKIN cycles after the deassertion of
PORESET (during the power-on reset flow). These signals determine whether areset configuration
word is required and the device source interface from which it isloaded (see Table 5-1). The
RCW_SRc[0-2] signals should remain valid until the deassertion of HRESET. Depending on the
configuration signal values, the MSC8156 may continue with loading the reset configuration
word.

5.2.1 Reset Configuration Signals

Reset configuration input signals are located on device pins that have other functions when the
deviceisnot in the reset state. These input signals sampled values are written into registers
during the assertion of PORESET after a stable clock is supplied (the power-on reset flow). The
inputs must be pulled high or low by external resistors as long as HRESET is asserted. During the
PORESET flow, all other signal drivers connected to these signals must be tri-stated. Refer to the
MSC8156 Technical Data Sheet for the recommended resistor values used to pull reset
configuration signals high or low. The values loaded from these sampled inputs are accessible to
software through memory-mapped registers described in Section 5.3. They are used to configure
the device operation.

5.2.2 Reset Configuration Words Source

The reset configuration word source options permit the MSC8156 to load reset configuration
words from an EEPROM viathe 12C interface, a combination of external pins and hard-coded
values, or to use hard-coded default options.

Table 5-3. Reset Configuration Word Sources (Defined by RCW_SRC[0-2])

Value

(Binary) Meaning
000 Multiplexed external RCW loading. The RCW is driven by external logic on RC[15-0]. The RCW_LSEL[3-0]
selects which bits should be driven on RC[15-0].
001 Reset configuration word is loaded from an I°C EEPROM in 8-bit addressing mode. The internal MSC8156

hardware reads the RCW from EEPROM slave address 1010000 (or 1010111 in case of multi device and
reset slave) with single byte addressing.

010 Reset configuration word is loaded from an 1°C EEPROM in 16-bit addressing mode. MSC8156 hardware
reads the RCW from EEPROM slave address 1010000 (or 1010111 in case of multi device and reset slave)
with two byte addressing.

011 Some bits of the reset configuration word are loaded from external pins and others by default.
100 Hard coded option #1. Reset configuration word is loaded from internal hard coded option 1.
101 Hard coded option #2. Reset configuration word is loaded from internal hard coded option 2.

Note: The value of the reset configuration signals affects the duration of power-on and hard
reset sequences.

MSC8156 Reference Manual, Rev. 2
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5.2.3 Reset Configuration Input Signal Selection and Reset Sequence
Duration

Table 5-4 shows how to pull down (0) or pull up (1) the reset configuration input signals
(Rcw_sRc) for various configurations. The reset sequence duration is measured from the
deassertion of PORESET to the deassertion of HRESET. The SRESET signal is deasserted 21 CLKIN
cycles after the deassertion of HRESET for sources that do not use the 1°C interface and 36 CLKIN
cyclesfor sourcesthat use the | 2C interface.

Table 5-4. Selecting Reset Configuration Input Signals

CLKIN Reset Sequence
RCW_SRC[0-2] Duration in CLKIN Duration in ms
Frequency
Cycles
66 MHz 000, 011-101 17426 0.264
66 MHz 001, 010 255156 3.866
100 MHz 000, 011-101 17426 0.174
100 MHz 001, 010 255156 2.552

5.2.4 Reset Configuration Words

Various device functions are initialized by loading the reset configuration words during the
power-on reset flow. All configurable features are reconfigured only during a power-on reset
flow. The MSC8156 decides which interface is used according to reset configuration input
signals, as described in Section 5.2.2.

Section 5.3 describes the functions and modes configured by the reset configuration words. Note
that the reset configuration settings are accessible to software through the following read-only
memory-mapped registers:

B Reset Configuration Word Low Register (RCWLR). See Section 5.3.1 for details.

B Reset Configuration Word High Register (RCWHR). See Section 5.3.2 for details.

B Reset Status Register (RSR). See Section 5.3.3 for details.

525 Loading The Reset Configuration Words

The MSC8156 |oads the reset configuration words from an 12C serial EEPROM , or combination
of default values and external pins, or uses a hard-coded configuration, as selected by the reset
configuration inputs described in Section 5.2.2. The foll owing subsections describe these options
in detail.

MSC8156 Reference Manual, Rev. 2
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5.2.5.1 Loading From an I1°C EEPROM (RCW_SRC[0-2] = 001 or 010)

When a M SC8156 is configured by the reset configuration input signals to load the reset
configuration words from an EEPROM viathe 12C interface, it uses the 1°C unit boot sequencer
in aspecial mode. In this mode, the 1°C boot sequencer is activated to |oad the reset configuration
words while the rest of the device remains in the reset state (HRESET is asserted).

5.2.5.1.1 Using The Boot Sequencer For Reset Configuration

Note: For detailed description about the I2C interface and the boot sequencer, refer to
Chapter 24, 12C.

When used to load the reset configuration words, the 12C module addresses the first EEPROM,
reads the preamble, and then reads the first two data structures. The device latches the reset
configuration words internally and the 1°C module enters its reset state until HRESET is
deasserted. There should be no other I2C traffic when the boot sequencer is active. After FRESET
is deasserted, the boot sequencer mode is disabled.

5.2.5.1.2 EEPROM Slave Address

A reset master MSC8156 is selected by holding its STOP_BS signal low during the power-on
reset flow. The reset master uses 0b1010000 for the EEPROM calling address. A reset slave uses
0b1010111 for the EEPROM calling address. The EEPROM to be addressed must contain the
reset configuration information and be programmed to respond to the 0b1010000 address. The
EEPROM device must have address inputs connected to GND in multi device reset applications.
No additional EEPROM s are accessed by the boot sequencer in reset configuration mode. See
also Section 5.2.5.1.5, Loading Multiple Devices From a Sngle 12C EEPROM, on page 5-11.

5.2.5.1.3 EEPROM Data Format In Reset Configuration Mode

The 1°C module expects a specific data format in the EEPROM. The first three bytes should be
the preamble and should contain avalue of OXAA55AA. The 1°C module verifies that this
preamble is correctly detected before proceeding further. The two reset configuration words,
should follow the preamble and should use the required format provided in Section 6.2.2.3, Boot
File Format, on page 6-16. Within each configuration word, the first 3 bytes are reserved and
must contain the value OxFFFFFF. After the first 3 bytes, 4 bytes of data should hold the desired
value of the reset configuration word. The boot sequencer assumes that a big endian addressis
stored in the EEPROM.

If apreamble fail or any other 12C bus error is detected, the device stops processing and remains
in ahard reset state with HRESET asserted and most of the 1/0O drivers are disabled. If reset
configuration word loading from the EEPROM fails, the user must assert the PORESET signal for
at least 100 s duration to resume operation.

MSC8156 Reference Manual, Rev. 2
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5.2.5.1.4 Single Device Loading From I°C EEPROM

The MSC8156 can be the only device loading the reset configuration word from the 12C
EEPROM. In this case sTop_ss pin must be driven low during the power on and hard reset
sequences. The hardware connection is shown in Figure 5-4.

Vbp
MSC8156E
, RCW_SRC[0-2] | I>’C EEPROM
3
12C_SCL 12C_SCL

P SRESET | 12C_SDA 12C_SDA
< SRESET _

HRESET i
—>

PORESET), Voo

STOP_BS 3

Figure 5-4. Single Device I°C Reset Configuration

5.2.5.1.5 Loading Multiple Devices From a Single I°C EEPROM

When the M SC8156 device shares the 1°C EEPROM device with other M SC8156 devicesto load
the reset configuration words, one device must be areset master and the rest must be reset slaves.
The definition of reset slave or reset master is latched internally during power-on reset sequence.
In this mode, the Rcw_sSRc inputs must be the same for all slaves and the master.

The reset configuration implementation involves a software for the reset master and glue logic.
The hardware connection is shown in Figure 5-5. The sTop_Bs signal input to the reset master
must be driven low during the power on reset sequence while al the slavesinputs must be driven
high. During the power on reset assertion, the master cannot drive the sTop_BS output bus
because its role as master is not enabled yet. Pull-ups are required; refer to the MSC8156
Technical Data Sheet for appropriate resistor values to pull the slave stop_Bs input signal high.

In the first stage of reset configuration, the reset master reads its own reset configuration words.
It accesses the 1°C EEPROM while all other reset slaves are stopped. When PORESET is
deasserted, the sToP_Bs islatched in the reset block after few cycles and defines the reset master
and slaves. It also keeps all the reset slave 12C controllersin idle state while the reset master starts
to access the EEPROM slave using address 0b1010000. Then the reset master must exit from
reset and run the internal code.

In the second stage, the reset master reads the slave RCWs and stores the valuesin its memory.
See Chapter 6, Boot Program for how to determine the number of reset slavesto be configured.
The reset master core reads the slave RCWs from the 12C EEPROM. Then, it configuresits 1°C
controller to emulate an EEPROM device for each reset slave. The reset master emulates
EEPROM using the slave address 0b1010111.

MSC8156 Reference Manual, Rev. 2
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In the last stage, the reset master releases the stop_gs for each slave in aknown order. The
released reset slave accesses the 12C bus to read from slave address 001010111. The order of
reading the dave RCWs s the order for their connection.

Note: The sToP_sLv_Bs glue logic supports a five pin bus. For up to five reset slaves, the
master drives sToP_sLv_Bs directly to the selected slave. For fiveto fifteen slaves, the
glue logic encodes the signals from the master and selects the slave to drive with
STOP_SLV_BS based on its decoded value.

The external reset logic may reset the system asaunit, or it may be configured to reset individual
devices. Individual resets permit redundancy support during system debugging to allow
problematic devices to be disabled and replaced by a redundant device.

Multi device is described in detail in Section 6.1.4, Multi Device Support for the 12C Bus, on

page 6-4.
Vbp
RCW_SRC[0-2] | MSC8156E E 12C EPROM
. 3
Reset L
eset Logic 12C_SCL PY I2C_SACEI6_2]
p SRESET 12C_SDA 12C_<DA
P HRESET
PORESET
Vbp
STOP_BS g
]
|
|
]
RCW_SRC[O—Z]J MSC8156E
12C_SCL
J SRESET 12C_SDA
< g
HRESET
< > Vbb
PORESET
STOP_BS
Figure 5-5. Multi Device 1°C Reset Configuration Hardware
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5.2.5.2 Loading Multiplexed RCW from External Pins (RCW_SRC[0-2] = 000)

When the MSC8156 device is configured to use the multiplexed loading method, it latches all
bits of the reset configuration word from the external pins. In this case, the sampled RCW bitsare
transferred with Rcw_LsEL[0-3] glue logic using the hardware shown in Figure 5-6. In this mode,
the 64 bits of the RCW are loaded in four passes using only rci5-0]. Rc16 is not used, and
Rc[20-17] are redefined as the lane select signals (RCw_LSEL[0-3], respectively), which provide the
gating signals for each set of 16 bits transferred. .

MSC8156

RC

~¢—— P SRESET

RCW_LSEL[0-3]
HRESET
RCW_SRC

—— ] PORESET
STOP_BS

16

i

S

N

- —

»

Figure 5-6. Multiplexed External Pins Reset Configuration

Figure 5-2 on page 5-6 shows the timing of the gating signals and indicates which RCW bits are loaded by each
lane signal. See Table 3-5 for a detailed description of the lane select signals. The gating summary is as follows:

B LaneO (Rcw_LsELo) gates RC[15-0] to RCWLR bits 15-0

B Lanel (Rcw_LsELl) gates RC[15-0] to RCWLR bits 31-16
B Lane?2 (Rcw_LsEL2) gates RC[15-0] to RCWHR bits 15-0
|

Lane 3 (Rcw_LsEL3) gates RC[15-0] to RCWHR bits 31-16

MSC8156 Reference Manual, Rev. 2
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5.2.5.3 Loading Reduced RCW From External Pins (RCW_SRC[0-2] = 011)

When the MSC8156 device is configured to use the reduced RCW, the M SC8156 |latches some
bits of the reset configuration word from external pins. The other bits of the RCWs are loaded
from default hard coded values. The hardware connection is shown in Figure 5-7.

RCW_SRC[0-2], MSC8156E RC[21-0]

3

SRESET
< g

< HRESET >

PORESETI

STOP_BS 3

Figure 5-7. External Pins Reduced Reset Configuration

5.2.5.3.1 Reduced External Reset Configuration Word Low Field Values

Table 5-5 defines the combined External and Hard Coded Reset Configuration Word Low field
values.

Table 5-5. Combined External and Hard Coded Reset Configuration Word Low Values

Bits Name Value Meaning

31-30 CLKO 00 Select PLLO divided output clock to be driven on CLKO
29 — 0 Reserved. Should be cleared.

28-24 S2pP 0, RC[21-18] S2P. See Table 5-9 for details.

22-20 S1P 0, RC[17-15] S1P. See Table 5-9 for details.

19-18 — 00 Reserved. Should be cleared.

17 SCLK2 RC14 SerDes?2 (RapidlO interface 2) reference clock. A 0 selects
100 Mhz and a 1 selects 125 MHz. See Table 5-9 for details
and limitations.

16 SCLK1 RC14 SerDes1 (RapidlO interface 1) reference clock. This clock is
identical to SCLK2 in reduced mode and is driven by RC14.

15-6 — 0000000000 Reserved. Should be cleared.
5-0 MODCK 00, RC[13-10] MODCK][5-4] = 00, MODCK[3-0] = RC[13-10].

MSC8156 Reference Manual, Rev. 2
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5.2.5.3.2 Reduced External Reset Configuration Word High Field Values
Table 5-6 defines the combined External and Hard Coded Reset Configuration Word High field

values.

Table 5-6. Combined External and Hard Coded Reset Configuration Word High Field Values

Bits Name Value Meaning
31-30 — 00 Reserved. Should be cleared.
29 EWDT 0 Disable Watch Dog Timers.
28 PRDY 0 PCI Express not ready.
27-24 BPRT 0, RC[9-7] See for details Table 5-10.
23 RIO 1 RapidlO access enabled.
22 RPT RC6 RapidlO pass-through enable bit.
21 RHE 0 RapidlO host mode disabled.
20-19 — 00 Reserved. Should be cleared.
18 RM 0 Not reset master.
17 BP 0 Boot patch disabled.
16-13 — 00000 Reserved. Should be cleared.
12 GE1 RC5 0 - TDM2 and TDM3 are driven on pins.
1 - RGMII of GEL1 is driven on pins.
11 GE2 RC4 0 - TDMO and TDML1 are driven on pins.
1 - RGMII of GE2 is driven on pins.
10 R1A 0 SerDes Port 1 RapidlO interface does not accept all.
9 R2A 0 SerDes Port 2 RapidlO interface does not accept all.
8-3 DEVID 00, RC[3-0] DEVID[5-4] = 00, DEVID[3-0] = RC[3-0]
2 — 0 Reserved. Should be cleared.
1 RMU 0 RMU access local memory on internal port number O
0 CTLS 1 Common transport type is Large System.

5.2.5.4 Default Reset Configuration Words (RCW_SRC[0-2] = 100 or 101)

When the M SC8156 device is configured not to load the RCW from 12C EEPROM or external
pins, it can beinitialized using one of the two hard-coded default optionslisted in Table 5-7 and

Table 5-8.

5.2.5.4.1 Hard Coded Reset Configuration Word Low Field Values

Table 5-7 defines the Hard Coded Reset Configuration Word Low field values.

Table 5-7. Hard Coded Reset Configuration Word Low Field Values
Bits Name Value Meaning
31-30 CLKO 00 Select PLLO divided output clock to be driven on CLKO
29 — 0 Reserved. Should be cleared.

MSC8156 Reference Manual, Rev. 2
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Table 5-7. Hard Coded Reset Configuration Word Low Field Values (Continued)

Bits Name Value Meaning
28-24 S2P 01010 SerDes Port 2 PCI Express 1x, SGMII1, SGMII2
23-20 S1P 0011 SerDes Port 1 Serial RapidlO 4x 3.125 GHz
19-18 — 00 Reserved. Should be cleared.
17 SCLK2 1 SerDes?2 (RapidlO interface 2) reference clock is 125 MHz
16 SCLK1 1 SerDes1 (RapidlO interface 1) reference clock is 125 MHz
15-6 — 0000000000 Reserved. Should be cleared.
5-0 MODCK 000000 RCW_SRC = 100.
000001 RCW_SRC =101

5.2.5.4.2 Hard Coded Reset Configuration Word High Field Values

Table 5-8 defines the Hard Coded Reset Configuration Word High field values.

Table 5-8. Hard Coded Reset Configuration Word High Field Values

Bits Name Value Meaning
31-30 — 00 Reserved. Should be cleared
29 EWDT 0 Disable Watch Dog Timers
28 PRDY 0 PCI Express not ready.
27-24 BPRT 0000 In Hard Coded RCW, this field is ignored, and the boot port is
Serial RapidlO interface 1
23 RIO 1 RapidlO access is enabled.
22 RPT 0 RapidlO pass-through is disabled.
21 RHE 0 RapidlO host mode is disabled.
20-19 — 00 Reserved. Should be cleared
18 RM 0 Not reset master
17 BP 0 Boot patch disabled.
16-13 — 00000 Reserved. Should be cleared
12 GE1 1 RGMII GE1 on GPIO pins
11 GE2 1 RGMII GE2 on GPIO pins
10 R1A 0 SerDes Port 1 RapidlO interface does not accept all
9 R2A 0 SerDes Port 2 RapidlO interface does not accept all
8-3 DEVID 000000 Device ID
2 — 0 Reserved. Should be cleared
1 RMU 0 RMU access local memory on internal port number 0
0 CTLS 1 Common transport type is Large System.
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5.3 Reset Programming Model
This section describes the following reset registers in detail:

B Reset Configuration Word Low Register (RCWLR), page 5-17.
B Reset Configuration Word High Register (RCWHR), page 5-19.
B Reset Status Register (RSR), page 5-22.

B Reset Protection Register (RPR), page 5-24.

B Reset Control Register (RCR), page 5-25.

B Reset Control Enable Register (RCER), page 5-26.

Note: The Reset register base address is OxFFF24800.

5.3.1 Reset Configuration Word Low Register (RCWLR)

RCWLR Reset Configuration Word Low Register Offset 0x00
Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
cko | — | S2P | S1P — |sCLK2|sCLK1
Type R
Reset Value depends on the reset configuration word low loaded during reset flow.

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

PLL1
— DIS — MODCK
Type R
Reset Value depends on the reset configuration word low loaded during reset flow.

The RCWLR isaread-only register set according to the reset configuration word low |oaded
during the reset flow. Table 5-9 defines the RCWLR bit fields.

Table 5-9. RCWLR Bit Descriptions

Name Reset Description Settings
CLKO 0 CLKOUT Source 00 PLLO divided output clock.
31-30 This field selects the source for CLKOUT. See | 91 pLL1 divided output clock.

Chapter 7, Clocks for source clock definitions. 10 PLL2 divided output clock.

11 CLKOUT is always low.

— 0 Reserved. Write to zero for future compatibility.
29
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Table 5-9. RCWLR Bit Descriptions (Continued)

Name Reset Description Settings
S2P 0 SerDes?2 Protocol 00000 No protocol active.
28-24 Selects the SerDes protocol to use. 00001 RapidlO 4x 1.25 GHz
Note: Itis valid to program RCWLR[S1P] 00010 RapidlO 4x 2.5 GHz
and RCWLR[S2P] to have SGMII1 on | 00011 RapidlO 4x 3.125 GHz
both ports, SGMII2 on both ports, orto | 00100 RapidlO 1x 3.125 GHz
have SGMII1 and SGMII2 on both 00101 RapidlO 1x 1.25 GHz/SGMII1/SGMII2
ports. An internal multiplexer always 00110 RapidlO 1x 2.5 GHz/SGMII1/SGMII2
routes only two physical connections | 00111 RapidlO 1x 1.25 GHz/SGMII2
to the QUICC Engine controllers. If the | 01000 Reserved
SGMiI interfaces are configured by 01001 Reserved
S1P and S2P, SGMII1 (if selected by | 01010 PCI Express 1x/SGMII1/SGMII2
S1P and S2P) is physically connected | 01011 PCI Express 1x/SGMII2
to SerDes Port 1 and SGMII2 (if 01100 PCI Express 1x/RapidlO 1x 1.25 GHz
selected by S1P and S2P) is 01101 PCI Express 4x
physically connected to SerDes Port 2 | 01110 PCI Express 2x/SGMII1/SGMII2
01111 Reserved.
10000 PCI Express 1x/RapidlO 1x 2.5 GHz
10001 PCI Express 1x
10010 RapidlO 1x 1.25 GHz
10011 RapidlO 1x 2.5 GHz
10100 RapidlO 1x 2.5 GHz/SGMII2
10101 Reserved.
10110 PCI Express 2x/SGMII2
10111 PCI Express 2x/RapidlO 1x 1.25 GHz
11000 PCI Express 2x/RapidlO 1x 2.5 GHz
11001 PCI Express 2x
11010-
11111  Reserved
S1P 0 SerDes1 Protocol 0000 No protocol active.
23-20 Selects the SerDes protocol to use. 0001 RapidlO 4x 1.25 GHz
Note: Itis valid to program RCWLR[S1P] 0010 RapidlO 4x 2.5 GHz
and RCWLR[S2P] to have SGMII1 on | 0011 RapidlO 4x 3.125 GHz
both ports, SGMII2 on both ports, orto | 0100 RapidlO 1x 3.125 GHz
have SGMII1 and SGMII2 on both 0101 RapidlO 1x 1.25 GHz/SGMII1/SGMII2
ports. An internal multiplexer always 0110 RapidlO 1x 2.5 GHz/SGMII1/SGMII2
routes only two physical connections | 0111  RapidlO 1x 1.25 GHz/SGMII1
to the QUICC Engine controllers. Ifthe | 1000 RapidlO 1x 2.5 GHz/SGMII1
SGMIl interfaces are configured by 1001 RapidlO 1x 1.25 GHz
S1P and S2P, SGMII1 (if selected by | 1010 RapidlO 1x 2.5 GHz
S1P and S2P) is physically connected | 1011—
to SerDes Port 1 and SGMII2 (if 1111 Reserved.
selected by S1P and S2P) is
physically connected to SerDes Port 2
— 0 Reserved. Write to zero for future compatibility.
19-18
SCLK2 0 SerDes?2 Reference Clock 0 SerDes reference clock = 100 MHz.
17 Selects the SerDes2 reference clock. 100 MHz

clock can work for all protocols and frequencies
except for 3.125 Gbaud RapidlO; 125 MHz
works for all protocols and frequencies with no
exceptions.

1 SerDes reference clock = 125 MHz.
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Table 5-9. RCWLR Bit Descriptions (Continued)

Name Reset Description Settings
SCLK1 0 SerDes1 Reference Clock 0 SerDes reference clock = 100 MHz.
16 Selects the SerDes1 reference clock. 100 MHz | 1 gerDes reference clock = 125 MHz.
clock can work for all protocols and frequencies
except for 3.125Gbaud RapidlO; 125 MHz
works for all protocols and frequencies with no
exceptions.
— 0 Reserved. Write to zero for future compatibility.
15-8
PLL1DIS 0 Disable PLL1 0 PLL1 enabled.
7 Setting this bit disables PLL1. When using 1 PLL1 disabled.
clock modes 1 or 37, set this bit to reduce
power consumption.
— 0 Reserved. Write to zero for future compatibility.
6
MODCK 0 Clock Mode See Chapter 7, Clocks.
5-0 Defines the clock operating mode.

5.3.2 Reset Configuration Word High Register (RCWHR)

RCWHR Reset Configuration Word High Register Offset 0x04

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
— | RC [EWDT|PRDY| BPRT | RIO | RPT [ RHE [SBETHl — | RM | BP | —

Type R

Reset Value depends on the reset configuration word high loaded during reset flow.

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

— | GE1 | GE2 [ RIA | R2A | DEVID | — |[RrRMuU|cTLS
Type R
Reset Value depends on the reset configuration word high loaded during reset flow.

The RCWHR isaread-only register that derivesits values from the reset configuration word high
loaded during the reset flow. Table 5-10 defines the RCWHR bit fields.

Table 5-10. RCWHR Bit Descriptions

Name Description Settings
— Reserved. Write to one for future compatibility.
31
RC Selects PCI Express RC Mode 0 PCI Express end point (EP) mode on the PCI
30 When set, selects the PCI Express root complex Express bus.
(RC) mode of operation. An RC device connects 1 PCI Express root complex (RC) mode on the PCI
the core processor/memory subsystem to 1/O Express bus.

devices while an EP device typically denotes a
peripheral or 1/O device. See Chapter 17, PCI
Express Controller for details. This field is always 0
in the preconfigured modes (reduced RCW or
hard-coded).
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Table 5-10. RCWHR Bit Descriptions (Continued)

Name Description Settings
EWDT Enable Watchdog Timers 0 Watchdog timers initially disabled.
29 Selects the status of the software watchdog timers | 1 watchdog timers initially enabled.

when coming out of reset. The user can override
this value by writing to any of the System
Watchdog Control Registers (SWCRR[SWEN])
during system initialization.

PRDY PCIl Express Ready 0 PCI Express not ready.
28 Indicates whether the PCI Express controller is 1 PCI Express ready.

ready to be configured.

BPRT Boot Port Select 0000 I°C.

27-24 Defines the boot port interface configuration. 0001 RapidlO interface without e
If RapidlO port is selected as boot port, the 0010 RapidlO interface with I1°C
RapidIlO interface, used for boot port, must be 0011 SPI
configured to a valid RapidlO protocol using fields | 0100 RGMII1 without 1°C
S1P/S2P in RCWLR. 0101  SGMII1 without I°C

0110 RGMII1 with I12C
0111  SGMIIL with I12C
1000 RGMII2 without I2C
1001  SGMII2 without I12C
1010 RGMII2 with I12C
1011  SGMII2 with I2C

1100-
1111  Reserved.
RIO RapidlO Host Access Enable 0 Host access after boot disabled.
23 Enables RapidlO host access to internal memory | 1 Host access after boot enabled.
after boot. When this bit is set, host access is
enabled for the following configurations:
« BPRT. Chosen host is SGMII.
¢ S1P/S2P. One port is configured as SGMII for
boot and the other SerDes does not contain
SGMII.
Note:  For both modes, any lane not used for
SGMII closes after boot is disabled. To
use these lanes after boot, the user
should open the lanes as part of the boot
code execution.
RPT RapidlO Pass-Through Enable 0 Pass-through disabled. (POPTAACR[PTE] and
22 Selects the reset value of POPTAACR[PTE] and P1PTAACRI[PTE] reset value is 0)
P1PTAACRIPTE] which determines whether 1 Pass-through enabled. (POPTAACR[PTE] and
pass-through is disabled or enabled. P1PTAACR[PTE] reset value is 1)
RHE RapidlO Host Enable 0 RapidlO controller is agent.
21 Selects whether the RapidIO controller canactasa | 1 RapidlO controller is host.
host. When enabled as host, it uses the base
device ID (RapidlO register BDIDCSR) taken from
the three least significant bits of the device ID
(RCWHR[DEVID)).
SBETH Simple Boot Over Ethernet 0 Not simple boot over Ethernet.
20 Indicates whether the device uses a simple boot 1 Simple boot over Ethernet.

over Ethernet. See Section 6.2.3, Simple Ethernet
Boot, on page 6-19 for details. This field is always 0
in the preconfigured modes (reduced RCW or
hard-coded).

— Reserved. Write to zero for future compatibility.
19
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Table 5-10. RCWHR Bit Descriptions (Continued)

Name Description Settings
RM Reset Master 0 Reset slave.
18 This bit should be set when the device is a reset 1 Reset master.
master or when booting from a dedicated 12C
EEPROM device.
BP Boot Patch 0 Boot patch disabled.
17 This bit enables loading patch code for booting 1 Boot patch enabled.
from I1°C.
— Reserved. Write to zero for future compatibility.
16-13
GE1 GEL1 Select 0 TDM[2-3] signals are driven on pins.
12 Selects the pins multiplexing between GE1 and 1 RGMIIL signals are driven on pins.
TDM[2-3].
GE2 GE2 Select 0 TDM[0-1] signals are driven on pins.
11 Selects the pins multiplexing between GE2 and 1 RGMII2 signals are driven on pins.
TDM[O0-1].
R1A RapidlO Interface 1 Accept All 0 Do not accept all device IDs. (POPTAACR[AA] reset
10 Selects the reset value of POPTAACR[AA]. When value is 0).
set, RapidIO Interface 1 accepts all device IDs. 1 Accept all device IDs. (POPTAACR[AA] reset value
is 1).
R2A RapidlO Interface 2 Accept All 0 Do not accept all device IDs. (P1IPTAACR[AA] reset
9 Selects the reset value of PAPTAACR[AA]. When value is 0).
set, RapidlO Interface 2 accepts all device IDs. 1 Accept all device IDs. (P1PTAACR[AA] reset value
is 1).
DEVID Device ID 000000 Master device/Device O.
8-3 Stores the value of the signals sampled during 000001—
reset. 111111 Slave device number (from 1 to 63).
— Reserved. Write to zero for future compatibility.
2
RMU RapidlO RMU Local Memory Access Internal 0 Access local memory using internal port 0 [OCN to
1 Port Select MBus Bridge 0 (O2MO0)].
Selects the internal port, the RMU uses, to access | 1 access local memory using internal port 1[OCN to
local memory. MBus Bridge 1 (O2M1)].
CTLS RapidlO Common Transport Large System 0 Common transport type is small system
0 This value is written to the RapidlO register 1 Common transport type is large system
PEFCAR[CTLS]

Note: The value of fieldsin the reset configuration word registers (RCWLR and RCWHR)
reflect only their state during the reset flow. Some of these parameters and modes can
be modified by changing their values in other unit memory mapped registers.
Modifying valuesin other unit memory mapped registers does not affect RCWLR and
RCWHR.
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5.3.3 Reset Status Register (RSR)

RSR Reset Status Register Offset 0x10
Bit 31 3 29 28 27 26 25 24 23 22 21 20 19 18 17 16
RCWSRC | — | SWo [ swi [ sw2 | Sw3 [ sw4 | sw5 | Swe [ sw7
Type R/W

Reset RCW_SRC[0-2] 1 0 0 0 0 0 0 0 0 0 0 0 0

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
— | BSF [SWSR|SWHR| RM [ JPO [ JH | JS | — | RIO2 [ RIO1 | SRS | HRS
Type R/W

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

The reset status register captures various reset eventsin the device. Thisregister fields are sticky
and can be cleared by writing 1, writing 0 has no effect (except RM field which is read-only).
Table 5-11 defines the RSR bit fields.

Table 5-11. RSR Bit Descriptions

Name Reset Description Settings
RCWSRC 0 Reset Configuration Word Source 000 Multiplexed external RCW loading.
31-29 Stores the value of the RCW_SRC[0-2] signals | 001 12C EEPROM in 8-hit addressing mode.
sampled during reset. See Section 5.2.2, 010 12C EEPROM in 16-bit addressing mode.
Reset Configuration Words Source. Changing | 011 Input pins and default settings.
this field has no effect. 100 Hard coded option 1.
101 Hard coded option 2.
— 10000 Reserved. Write to 0b10000 for future compatibility.
28-24
SWO 0 Software Watchdog Timer O 0 Software watchdog timer O not expired.
23 Indicates whether watchdog timer 0 expired. 1 Software watchdog timer 0 expired.
SW1 0 Software Watchdog Timer 1 0 Software watchdog timer 1 not expired.
22 Indicates whether watchdog timer 1 expired. 1 Software watchdog timer 1 expired.
SW2 0 Software Watchdog Timer 2 0 Software watchdog timer 2 not expired.
21 Indicates whether watchdog timer 2 expired. 1 Software watchdog timer 2 expired.
SW3 0 Software Watchdog Timer 3 0 Software watchdog timer 3 not expired.
20 Indicates whether watchdog timer 3 expired. 1 Software watchdog timer 3 expired.
Sw4 0 Software Watchdog Timer 4 0 Software watchdog timer 4 not expired.
19 Indicates whether watchdog timer 4 expired. 1 Software watchdog timer 4 expired.
SW5 0 Software Watchdog Timer 5 0 Software watchdog timer 5 not expired.
18 Indicates whether watchdog timer 5 expired. 1 Software watchdog timer 5 expired.
SW6 0 Software Watchdog Timer 6 0 Software watchdog timer 6 not expired.
17 Indicates whether watchdog timer 6 expired. 1 Software watchdog timer 6 expired.
SW7 0 Software Watchdog Timer 7 0 Software watchdog timer 7 not expired.
16 Indicates whether watchdog timer 7 expired. 1 Software watchdog timer 7 expired.
— 0 Reserved. Write to zero for future compatibility.
15
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Table 5-11. RSR Bit Descriptions (Continued)

Name Reset Description Settings
BSF 0 Boot Sequencer Fail No boot sequencer failure.
14 If set, indicates the I°C boot sequencer has Boot sequencer failure.
failed while loading the reset configuration
words.
SWSR 0 Software Soft Reset No software soft reset.
13 Indicates whether a software soft reset has Software soft reset initiated.
occurred.
SWHR 0 Software Hard Reset No software hard reset.
12 Indicates whether a software hard reset has Software hard reset initiated.
occurred.
RM 0 Reset Master Reset slave.
11 Indicates whether the device is the reset Reset master.
master.
JPO 0 JTAG Power-On Reset No JTAG power-on reset request.
10 Indicates whether a power-on reset request JTAG power-on reset request received.
was received via a JTAG command. When this
bit is set, out of reset, it also sets RSR[HRS]
and RSR[SRS].
JH 0 JTAG Hard Reset No JTAG hard reset.
9 Indicates whether JTAG hard reset request JTAG hard reset initiated.
was received via a JTAG command.
Js 0 JTAG Soft Reset No JTAG reset.
8 Indicates whether JTAG soft reset request was JTAG soft reset initiated.
received via a JTAG command.
— 0 Reserved. Write to zero for future compatibility.
7-4
RIO2 0 RapidlO Interface 2 Reset Status No reset request received.
3 Indicates whether the RapidIO interface 2 Reset request received.
received a reset request.
RIO1 0 RapidlO Interface 1 Reset Status No reset request received.
2 Indicates whether the RapidIO interface 1 Reset request received.
received a reset request.
SRS 0 Soft Reset Status No soft reset event.
1 When an external or internal soft reset event is A soft reset event was detected.
detected, SRS is set.
HRS 0 Hard Reset Status No hard reset event.
0 When an external or internal hard reset event is A hard reset event was detected.
detected, HRS is set.
Note: The RSR accumulates reset events. For example, because a software watchdog timer

expiration results in a hard reset that in turn results in a soft reset, RSR[SWSR],
RSR[SRS], and RSR[HRS] are all set after a software watchdog reset. These must be
cleared individually. RSR only returns to its compl ete reset value when a power-on
reset occurs.
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534 Reset Protection Register (RPR)

RPR Reset Protection Register Offset 0x18

Bit 31 3 29 28 27 26 25 24 23 22 21 20 19 18 17 16
RCPW

Type R/W

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

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

Type RIW

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

The RPR enables or disables writing to the reset control register (RCR). The RPR protects
unintended software reset requests due to writesto the reset control register (RCR). To enable the
RPR, write the value 0x52535445 (“RSTE” in ASCII) to the RPR. When enabled, the control
register enable bit in the reset control enable register (RCER[CRE]) is set. Reading the RPR
aways returns all zeros. To disable writes to the RCR, write a 1 to the RCER[CRE] bit. Table
5-12 defines the bit fields of RPR.

Table 5-12. RPR Bit Descriptions

Name Reset Description

RCPW 0 Reset Control Protection Word

31-0 Protects unintended software reset request caused by writes to the RCR. Write the value
0x52535445 (“RSTE” in ASCII) to the RCPW to enable the RCR. When the RCR is enabled, the
RCER[CRE] bit is set. Reading the RPR always returns all zeros. To disable write to the RCR,
write a 1 to RCER[CRE].

MSC8156 Reference Manual, Rev. 2
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5.35 Reset Control Register (RCR)
RCR Reset Control Register Offset 0x1C

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

Type R/W
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
— | SRH [SWHR[SWSR
Type R/W

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

The RCR is used by software to initiate a soft or hard reset sequence. To allow writing to this
register, the user must first enable it by writing the value 0x52535445 to the reset protection
register (RPR). Table 5-13 defines the RCR hit fields.

Table 5-13. RCR Bit Descriptions

Name Reset Description Settings
— 0 Reserved. Write to zero for future compatibility.
31-3
SHR 0 Soft Hard Reset 0 Normal hard reset flow.
2 Setting this bit cause the MSC8156 to convert | 1 Hard reset flow converted to soft reset flow.

all hard reset flows to soft reset flows. This
feature can be used for debug. This bit returns
to its reset state during the reset sequence, so
reading it always returns a 0.

SWHR 0 Software Hard Reset 0 Normal operation.

1 Setting this bit cause the MSC8156 to begina | 1 |nitiates a hard reset.
hard reset flow. This bit returns to its reset state
during the reset sequence, so reading it always

returns a 0.
SWSR 0 Software Soft Reset 0 Normal operation.
0 Setting this bit cause the MSC8156 to begina | 1 |nitiates a soft reset.

soft reset flow. This bit returns to its reset state
during the reset sequence, so reading it always
returns a 0.

Note: When issuing areset command by accessing the register, the device enters reset mode
immediately. The host transaction does not terminate normally. Always consider the
possible outcome when any host is programmed to issue the software reset command.
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5.3.6 Reset Control Enable Register (RCER)
RCER Reset Control Enable Register Offset 0x20

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

Type R/W
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

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

Type R/W
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

The reset control enable register shown in indicates by the CRE field that the reset protection
register (RPR) was accessed with avalue that enables the reset control register (RCR). Table
5-14 defines the RCER bhit fields.

Table 5-14. RCER Bit Descriptions

Name Reset Description ‘ Settings
— 0 Reserved. Write to zero for future compatibility.
31-1
CRE 0 Control Register Enabled 0 RCRisdisabled.
0 Indicates the status of the reset control register | 1 The enable value is written to the reset
(RCR). Writing 1 to this bit disables the RCR protection register (RPR) to enable the RCR.
and clears this bit. Writing zero has no effect.
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The boot program initializes the MSC8156 after it completes a reset sequence. The M SC8156
can boot from an external host through the Rapidl O interface or download a user boot program
through the IZC, SPI, or Ethernet ports. The default boot codeis located in an internal 96 KB
ROM at OxFEFO0000-OxFEF17FFF and is accessible to all cores. For readability, the internal
boot code iswritten in C and is based on the Freescale SmartDSP OS.

When cores finish the reset sequence, they all jump to the ROM starting address (OxFEFO0000),
and run the boot code. Specific tasks may differ based on the core ID.

Note: Boot data is located in the M3 memory at 0xC0101C00-0xC0107FFF (25 KB). Do not
write to this area during boot loading.

When the cores finish the boot sequence, they all jump to a user-defined address.
Special conditions for boot code operation include the following:

B The boot code services the watchdog timer if the EWDT bit in the reset configuration
word high register (RCWHR) is set (recommended).

B |f the boot process fails, the core goes into a debug state and writes an indication of the
root error cause to address 0xC0101C04 in M3 memory (see Section 6.5, Boot Errors, on
page 6-23 for details).

B The boot program does not configure the DDR controller. Therefore, if you want to place
datain the DDR memory, you must first configure the DDR controller to support the type
of DDR memory in the system. To configure the controller, write the configuration datato
the DDR controller memory-mapped registers before writing data to the DDR memory.
See Chapter 12, DDR SDRAM Memory Controller for details.

B |nany reset state other than PORESET, the device does not execute the multi-device
support for using the reset configuration word (RCW) flow with 12C as described in
Section 6.1.4. The rest of the boot flow remains the same as described in this chapter.

B Theboot codeisrun by all cores. Task differ by core ID.

Note: Parity error checking is not supported by the boot code because parity errors are
unlikely to occur.
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6.1 Functional Description

The boot code is divided into four parts shown in Figure 6-1:

Private configuration (all cores). Includes general configuration of all cores.

Shared configuration (core 0). Includes general configuration of internal CLASS, 1°C,
Rapidl O interface, and QUICC Engine subsystem.

Patch mode. Allows loading patch code for boot from 12C.

Boot mode select (core 0). This part includes downloading of code from one of the
M SC8156 bootable ports as defined by the RCWHR[BPRT] field.

Boot completion. All cores complete the boot operation and jump to a user-specified
address.

Private

Configuration
No $ Yes
v
No Shared
| Configuration
Boot patch through 1°C

Yes

HSMPRI[0] = 0?

Boot Mode
Select?

v v v v v

|
|
|
| 1’c Ethernet Rsaggj:lo Simple SPI
Code Code Ethernet Code
| Code
| Code
| | | |
| v
. | HSMPRIO]=0 | core0 Releases Cores 1-N
by Hardware Semaphore
v v
All Cores Jump To
User Code

Figure 6-1. Boot Sequence Diagram
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6.1.1 Private Configuration

Private configuration includes the following:

Note:

VBA register initialization. The value stored in ROM (OxFEF17000) is used to initialize
the Vector Base Address (VBA) register in the SC3850 core. After initialization of the
VBA register, any interrupt places the core in debug mode.

The EPIC is programmed to handle all NMIs correctly.

The L1 ICacheis enabled.

The stack pointer is set to reside in the M3 memory space dedicated to the boot operation.
The Error Detection Code (EDC) exception is enabled.

The EPIC, L1 ICache, and MMU are part of the SC3850 DSP core subsystem. See the
the MSC8156 SC3850 DSP Core Subsystem Reference Manual for configuration
details. The manual is only available with a signed non-disclosure agreement (NDA).
Contact your Freescale sales office or representative for more information.

6.1.2 Shared Configuration

The shared configuration includes the following:

If the 1°C controller is used to load the RCW for multi-device slaves (see

Section 6.1.4, Multi Device Support for the 12C Bus, on page 6-4) the necessary number
of GPIO linesfrom the { GPIO[0-3], GPIO[21]} of the master device are set to output and
used to drive sTop_BS signals as follows:

— For up to 5 daves, the lines drive the signals directly, and the number of lines equals
the number of slaves.

— For up to 15 dlaves, using glue logic to drive the sTop_Bs signals; the number of
required linesis equal to 1+[log,numsSlaves].

If RCWHRI[RIQ] is set or boot is over the RapidlO interface:

— LCSBA1CSR is set to OxIFFEQ0QO, thereby allowing the configuration register space
to be physically mapped. This alows configuration and maintenance of the registers
through regular read and write operations rather than by maintenance operations.

— The necessary bits of HSSI_CR1[0:1] are set in order to disable the tri-state on the
Serial Rapidl O lanes.

— The necessary bits of POCCSR and PLCCSR (RapidlO) are set to force 1x or 4x based
on RCWLR[S1P] and RCWLR[S2P].

QUICC Engine module priority is set to be 1 with emergency not masked (that is

SDMR[EB1 PR] = 01).

MSC8156 Reference Manual, Rev. 2
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6.1.3 Patch Mode
Patch mode is defined as follows:

B Patch Mode is enabled when RCWHR[BP] is set. See Chapter 5, Reset for details.

B Boot loads patch code from 12C and executes in the same manner as boot over %C.

B After the patchis executed, the patch code jumps to the address in the boot code defined in
address 0xC0101C14. The jump address can be changed by the patch code. By default, the
boot code continues Boot Flow from same place after returning from the patch loading.

B Execution continues to load boot code from the boot port defined by RCWHR[BPRT]. If
boot port is 12C, the boot code generates an error and the core goes into a debug state.

6.1.4 Multi Device Support for the I1°C Bus

The MSC8156 can share the 1°C EEPROM device with other MSC8156 devices for loading the
reset configuration word (RCW), as well as for reading configuration during boot loading and
execution. When the bus is shared, the bus must distinguish among reset masters, reset slaves,
and EEPROM dlaves:

The reset master (indicated by RCWHR[RM]) holdsthe STOP_BS signals of all the slaves high
and releases them one by one, thus arbitrating which slave has access to the bus at any moment.
When the master deasserts SToP_BS for a slave, the dave device attempts to access an EEPROM
at address 0x57. The actual EEPROM address is 0x50, but the master emulates the EEPROM
using address 0x57 to drive the RCW to each slave in turn.

There are a number of assumptions and limitations imposed when multiple devices share the 1°C
bus:

1.  For each EEPROM in the system, there must be at |east one EEPROM master. The
EEPROM master is also the reset master (RCWHR[RM])

2.  For each EEPROM, there can be 0 or more EEPROM daves. An EEPROM daveis
defined as a device that reads is RCW from the EEPROM and uses data on the bus
during boot. The number of EEPROM slaves is stored as a single byte at address Ox8F
of the EEPROM.

3. For each EEPROM, there can be 0 or more reset slaves. A reset slaveis defined as a
device that only reads its RCW from the EEPROM but does not read data from it during
boot. The number of reset slavesis stored as a single byte at address Ox11 of the
EEPROM.

4. Every EEPROM slave must also be areset slave.
There may be up to 15 reset daves per EEPROM

MSC8156 Reference Manual, Rev. 2

6-4 Freescale Semiconductor



Functional Description

6. Asaconsequence of the conditionslisted in 1-5, the limitations on the number of slaves
isdefined as 0 < #EEPROM dlaves < #reset daves< 15

7.  Thelowest numbered reset slave must be a higher numbered slave than the highest
numbered EEPROM slave (for example, if EEPROM slaves are slaves 04, then reset
daves are slaves 5-12).

8. EEPROM slaves must be numbered sequentially from O upward.

9. All devices connected to the same EEPROM must have PORESET asserted
simultaneoudly, that is, no single device go through the PORESET sequence without the
others.

10. For multi-device RCW only. The EEPROM master can have HRESET/SRESET asserted
without the slaves being reset as well. Each reset slave can have itS HRESET/SRESET
asserted without the master being reset.

11. For multi-device RCW and Boot using I°C. If the EEPROM master has its
HRESET/SRESET asserted, the EEPROM slaves must have their HRESET/SRESET asserted
aswell. Each reset slaves can have itsHRESET/SRESET asserted without the master being
reset. However, there must be external logic that performs the actions that the master
performs during its boot sequence. Thelogic may be implemented as periodic polling by
the master, asserting NMI to the reset master, or using an FPGA or other
implementation.

12. |If thereisashared EEPROM in use in any stage of the reset/boot flow (RCW, serial
Rapidl O interface configuration, MAC address, 12C boot), all devices MUST load their
RCW from the shared EEPROM.

Note: If the reset master (RCWHR[RM)]) fails (due to astuck 12C_SDA) to read the data at
0x11 or Ox8F of the EEPROM or fails during the sequence of driving the RCW to the
reset saves, the core goes into a debug state and writes the appropriate error code to
the M3 memory (see Section 6.5).
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6.1.5 Example Configuration

Figure 6-2 describes a 12C multi device system in which MSC8156 #0 is a reset master and
MSC8156 #1 is areset dave. The reset master uses { GPIO[0-3], GPIO[21]} to release the reset
dlaves. The MSC8156 boot supports up to 15 slaves on asingle EEPROM (for RCW). There are
two possibilities as to how the reset slave STOP_BS signals are handled:

B |f thereare 5 daves or less, connect each GPIO line directly to one of the slaves. The
master deasserts and asserts the lines when necessary.

B |f there are more than 5 daves, GPIO[21] is used to latch the values of GPIO[0-3] into the
decoder glue logic (latch when high). This value indicates which of the slave STOP_BS
signalsto pull low. When an all 1 values are latched, all STOP_BS signals should be

pulled high.
DSP Device 0
Vbb
RCW_SRC N 2
§ 1“C EPROM
. 3
Reset Logic 12C_SCL 12C_SCL
| SRESET A[0-2]
< P 12C_SDA
) HRESET - 12C_SDA
< GPIO Decoder
PORESET
STOP_BS g Voo
DSP Device 1
RCW_SRC J
3
12C_SCL
p SRESET 12C_SDA
< HRESET | Voo
PORESET By
STOP_BS

Figure 6-2. 1°C Multi Device System
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Figure 6-3 showsthe 12C initialization and multi device support.

RCWLR[MODC
PCMRO[INP_RNG]
—>

Write freq. division ratig
& sampling rate

need to reach
> 400 KHz

No

W

Yes

1. Read slave RCW and generate STOP

2. Configure I12C controller to emulate
EEPROM with address 0x57

Decoded STOP_SLV_BS==0

Encoded STOP_SLV _BS==0

No

RCWHR[BPRC] = 12C

YQS¢<—

No

STOP _BS==1

Yes

>+

1. Reload time out counter

2. Drive corresponding slave RCWs
3. Disable time out counter

RCWHR[BPRC] = 12C

Al STOP_BS==1

- enorron ) |

Figure 6-3. 1°C initialization and Multi Device Support
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The following stages are performed to serve as the master chip on a multi-device board.

1. TheMSCB8156 reads RSR to determine if the reset is PORESET. If it isnot PORESET,
this section of the boot is bypassed entirely.

2.  The MSCB8156 reads RCWHR[RM] to determineiif it is the master on the multi-device
board or a slave on the multi-device board.

3. If the MSCB8156 is the master on the multi-device board:

a. I2CFDR and 12CDFSSR are programed based on the following data
— RCWLR[MODCK]
— RSR[RSTSRC(C]
The frequency used for I2C_SCL is set as closely as possible to 400 kHz.
b. The Reset master reads the slaves RCW from their location in the 1°C EEPROM (with
address 0x50) and stores them into M 3.
C. The reset masters 1°C controller is configured to work as an EEPROM (slave mode)
with address Ox57.
d. The reset master deassert STOP_BS for the current slave (directly or viathe decoder).
e. The reset master:
* Drives preamble OXAAS55AA
* Drives header OxFFFFFF
* DrivesRCWLR
* Drives header OxFFFFFF
* Drives RCWHR
for each read request of the reset slave, and then generates a STOP condition on the
busin order to free it up because the slave 12C controller does not generate a STOP
condition.
f. Repeat steps a—e for all daves.
g. {GPIO[0-3}, GPIO[21]} are set to Ox1F thus deasserting all the laves STOP_BS
signals, and the master can continue performing its boot flow.

4.  After getting its RCS, the reset slave starts to run the boot program.

Note: If the MSC8156 is aan EEPROM dlave, the boot waits until STOP_BSisto pulled

high before continuing with the boot program, thus allowing all reset slaves to read
their reset word before any device tries to access the EEPROM for boot code.

MSC8156 Reference Manual, Rev. 2
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6.2 Boot Modes

The Boot Mode is selected by the value in the RCWHR[BPRT] field. The following sections
describe the operation of each boot mode.

6.2.1 I°C EEPROM
The MSC8156 boot expects the 12C EEPROM to be divided in to four sections:

1. Reset words. This section starts at address 0x0000 of the EEPROM and includes the
reset words for the reset master, an indication as to the number of reset slaves and the
reset words for all the saves.

2. Reserved.

3.  Boot configuration. This section starts at address 0x0090 of the EEPROM and can
contain one of the following:

— MAC addressesfor up to 64 devices (6 bytes per address). The boot knowsto associate
each address with the appropriate device based on an offset of 6 x RCWHR[DEVID].
The expected format is consecutive 6 byte fields.

— Seria RapidlO configuration. This option allows the user to configure up to 47+
registers and should be used to set the appropriate values of HSSI CR1 and
HSSI_CR2 in the general configuration block. The expected format is address, data
pairs. The 8 bytes following the last pair should always be set to { OxFFFFFFFF,
OXFFFFFFFF}, regardless of the actual number of pairs placed in the EEPROM to
signal that no more configurations are necessary.

4. Boot code. This section starts at address 0x0210 of the EEPROM and contains the user
code. The boot code must be of the size (n x 4) + m[bytes], where nis any integer
greater than or equal to 0 and miseither O or 1. If nislarger than 0, the value in the
Destination Address field must be 32-bit aligned.

Note: Although not all sections are used by all boot options, the section addresses are fixed.
However, any section not used by a specific boot option can be used for general
purposes within the following guideline examples:

* Inasystem with only two DSP devices that supports multi-device boot, only
addresses 0x0 to 0x19 within the reset word section must carry the appropriate
valid values, as shown in Figure 6-4. Addresses 0x20 to 0x89 are available for any
general-purpose use.

«  For boot scenarios without 1°C support, addresses 0x90 to 0x20F are available for
any general-purpose use.

1.47 pairsaong with 8 bytes end flag of { OXFFFFFFFF, OxFFFFFFFF} isthe amount that fitsin the same space as 64
MAC addresses (| (64-6)/(2-4)] = 47+1)
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«  For boot scenarios that do not use 1°C and do not use boot patch, addresses 0x210

and above are available for general-purpose use.

Addresses 0x11 (number of reset slaves) and 0x8F (number of EEPROM dlaves)
must be used for their defined function for all boot options. These addresses are

never available for general-purpose use.

Figure 6-4 shows a complete example of an EEPROM contents:

Address 0 1 2 3 4 5 6 7 Description
0x0000 1 0 1 0 1 0 1 0 Preamble
0x0001 0 1 0 1 0 1 0 1
0x0002 1 0 1 0 1 0 1 0
0x0003 1 1 1 1 1 1 1 1 Master Reset Configuration Word
0x0004 1 1 1 1 1 1 1 1 Low
0x0005 1 1 1 1 1 1 1 1 Preload Command
0x0006 Reset Configuration Word Low [31-24]
0x0007 Reset Configuration Word Low [23-16]
0x0008 Reset Configuration Word Low [15-8]
0x0009 Reset Configuration Word Low [7-0]
0x000A 1 1 1 1 1 1 1 1 Master Reset Configuration Word
0x000B 1 1 1 1 1 1 1 1 High
0X000C 1 1 1 1 Preload Command
0x000D Reset Configuration Word High [31-24]
0x000E Reset Configuration Word High [23-16]
0Ox000F Reset Configuration Word High [15-8]
0x0010 Reset Configuration Word High [7-0]
0x0011 numResetSlavese [0—15] Number of Reset Slaves
0x0012 Reset Configuration Word Low [31-24] Reset Configuration Word Low
0x0013 Reset Configuration Word Low [23—16] of Slave 1
0x0014 Reset Configuration Word Low [15-8]
0x0015 Reset Configuration Word Low [7-0]
0x0016 Reset Configuration Word High [31-24] Reset Configuration Word High
0x0017 Reset Configuration Word High [23-16] of Slave 1
0x0018 Reset Configuration Word High [15-8]
0x0019 Reset Configuration Word High [7-0]
0x0082 Reset Configuration Word Low [31-24] Reset Configuration Word Low
0x0083 Reset Configuration Word Low [23-16] of Slave 15
0x0084 Reset Configuration Word Low [15-8]
0x0085 Reset Configuration Word Low [7-0]
Figure 6-4. EEPROM Contents
MSC8156 Reference Manual, Rev. 2
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Address | 0 | 1 ‘ 2 | 3 ‘ 4 ‘ 5 | 6 ‘ 7 Description
0x0086 Reset Configuration Word High [31-24] Reset Configuration Word High
0x0086 Reset Configuration Word High [23-16] of Slave 15
0x0088 Reset Configuration Word High [15-8]
0x0089 Reset Configuration Word High [7-0]
Ox008A | Reserved
0x008B |
0x008C |
0x008D | e
Ox008E |
0x008F 15 < numResetSlaves < numEEPROMslaves < 0 Number of EEPROM Slaves
0x0090 Configuration/MAC Address First
Byte
0x020F Configuration Last Byte/ Device
Ox2F Last MAC Address Byte
0x0210 1 0 1 1 1 1 1 1 Block Control (Block #0)
0x0211 size[0-7] Block Size
0x0212 size[8-15]
0x0213 size[16-23]
0x0214 NBA[31-24] Next Block Address
0x0215 NBA[23-16]
0x0216 NBA[15-8]
0x0217 NBA[7-0]
0x0218 DA[31-24] Destination Address
0x0219 DA[23-16]
0x021A DA[15-8]
0x021B DA[7-0]
Payload Data
CODE
Checksum[15-8] Checksum and Checksum
Checksum[7-0]
Checksum[15-8]
Checksum[7-0]
1 ‘ 0 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 Block Control (Block #1)
End of EEPROM
Note:  The value shown for Block Control is an example only.

Figure 6-4. EEPROM Contents (Continued)
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The 1%C boot loading is performed with the I°C controller. To allow for EEPROMS of up to 64
Kbytes, 19-hit addressing is used. The 7 most significant bits (msb) of the 1°C slave address are
always 0b1010000. The I2C controller expects a specific memory image when trying to read data
from the EEPROM . The I2C memory image consists of the following:

1. Block Control. A 1-byte control field that contains:

— 1 bit of CSE. A 1 indicates that the checksum is enabled.
— 1 reserved bit that should be cleared (0).
— 6 bits of CHIP_ID indicate the destination chip. Ox3F means broadcast.
2. Block Sze. These 3 bytes represent the number of bytes in the payload datafield (e.g if
the payload sizeis 12 bytes, Block Size = { 0x00, 0x00, 0xOC}).

3. Next Block Address. The address in which the next block is located. If the next block
address equal's 0x0 the bootloader assumes that the next block is sequential. If next
block address equals OxFFFFFFFF, this block is the end block.

4. Destination Address. The address to which the payload data should be written.

Payload Data. Holds 1<size<216 bytes (up to 64 Kbytes) of datato be written to
on-device memory according to the destination address.

6. Checksum. A 2-bytefield that holds the XOR of al previous data (Block Control and
on). The boot code X ORs each received 2 bytes with the previous checksum value and
verifies the validation by comparing it to this field.

7.  Checksum. A 2-byte field that holds bitwise-not of the Checksum.

The 1°C bootloader expects the 4 bytes of Checksum and Checksum regardless of the CSE value.
If the Checksum is disabled, these 4 bytes are not checked. By using Checksum and Checksum,
the boot ensures that all values of the bits are real values and that there are no stuck signals. If
both Checksum and Checksum are erroneous in a block, core O enters the debug state.

The 12C_SCL frequency is set as closely to 400KHz as possible, as mentioned in Section 6.1.4.
For each block, the Software 1°C read access begins with the boot code driving the device select
({A0,A1,A2} =0b000) and 2 bytes of address, followed by a RESTART condition. The I°C
dave drives its data (beginning with the Block Control byte) until the end of the block. The last
byte of each block is not acknowledged by the M SC8156. After the ninth unacknowledged bit,
the boot code generates a STOP condition. Figur e 6-5 describes the Software 1°C read access.

MSC8156 Reference Manual, Rev. 2
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ACK ACK ACK ACK ACK
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Note: Ag and Dg are the most significant bits.

Figure 6-5. 1°C Read Access

6.2.2 Ethernet

The MSC8156 device can load files through the Ethernet port using DHCP (Dynamic
Host Configuration Protocol) and TFTP (Trivia File Transfer Protocol).Supports RGMI|
@1000 Mbps and SGMII @1000 Mbps full duplex.

For DHCP, each client must have its own unique MAC (Media Access Control) address.
This MAC address can be based on RCWHR[DEV D] or be user-defined.

This DHCP implementation supports | Pv4.

Booting over Ethernet is enabled on GE1 (UCC1) and GE2 (UCC3) depending on the values of the
following bit fields:

RCWHR[BPRT]. Determines which ports to use for boot |oading.

— 0x4 = RGMII1 without 1°C
— 0x5 = SGMII1 without 12C
— 0x6 = RGMII1 with I2C
— Ox7 = SGMIIL with 1°C
— 0x8 = RGMII2 without 12C
— 0x9 = SGMI12 without 1°C
— OXA = RGMII2 with I1°C
— OxB = SGMII2 with I12C

RCWHR[GEL1]. Determines whether the signals lines are TDM[2-3] or RGMI11.
RCWHR[GEZ2]. Determines whether the signal lines are TDM[0-1] or RGMI12
RCWLR[S1P]. Determines which SGMI1 signals are enabled on SerDes port 1.

— 0x5 =SGMII1 and SGMII2.

— 0x6 = SGMII1 and SGMII12

— Ox7 =SGMII1

— 0x8=SGMII1

RCWLR[S2P]. Determines which SGMI1 signals are enabled on SerDes port 2.
— 0x5 =SGMII1 and SGMII2

— 0x6 = SGMII1 and SGMII12

MSC8156 Reference Manual, Rev. 2
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— Ox7 = SGMII12
— OxA = SGMII1 and SGMI12
— OxB = SGMI12
— OxE = SGMII1 and SGMI12
— 0x14 = SGM112
— 0x16 = SGM112

Note:

Itisvalid to programn RCWLR[S1P] and RCWLR[S2P] to have SGM111 on both ports,

SGMI12 on both ports, or to have SGMI11 and SGMI12 on both ports. An interna
multiplexer always routes only two physical connectionsto the QUICC Engine
controllers. If the SGMII interfaces are configured by S1P and S2P, SGMII1 (if
selected by S1P and S2P) is physically connected to SerDes Port 1 and SGMI 12 (if
selected by S1P and S2P) is physically connected to SerDes Port 2

Figure 6-6 describes the Ethernet bootloader flow.

BOOT CODE

DHCP
Server

DHCP
Client

v filename| next server address

TFTP
Client

A

Code
Installation

TFTP Data Block Temporary
Storage
Space
Read 5-Record In M3
o Internal
application code Memory
Space

Figure 6-6. Ethernet Bootloader Flow
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:The Ethernet bootloader flow includes:

N

S e

Configuring the QUICC Engine drivers based on RCWHR[BPRT].

Finding a DHCP server and receive configuration parameters (filename, server address,
and so on).

Reading a block of the boot file, in S-Record format, from a TFTP server.
Processing each TFTP data block and placing it in its memory destination.
Sending a TFTP acknowledge to the TFTP server.

Repeating steps 2-5 until the end of the datais transferred.

6.2.2.1 DHCP Client

The basic steps that occur when a DHCP client requests an | P address from a DHCP server are
shown in Figure 6-7.

DHCP Discover (broadcast) / N\
|

DHCP Offer (unicast)
DHCP DHCP
CLIENT DHCP Request (broadcast) - SERVER

N

DHCP Ack (unicast)

Figure 6-7. DHCP Transactions

The client sends a DHCP DISCOV ER broadcast message to locate a DHCP server.

A DHCP server offers configuration parameters (such as an IP address, a TFTP server |P
address, bootfile name...).

The client returns aformal request for the first offered |P addressto the DHCP server ina
DHCPREQUEST broadcast message.

The DHCP server confirms that the I P address has been allocated to the client by returning
a DHCPACK unicast message to the client.

There are two possibilities for setting the MSC8156 MAC address during the boot:

User defined and read from an 1°C EEPROM . See Section 6.2.1 for details.
Predefined default using the following fields:

— A constant of 32 hits: { Ox1E, OxF7, 0xD5, 0x00}
— 8 hits consisting of (RCWHR[DEVD]) (aligned to the right and padded with 0)
— A constant of 8 bits: { 0x00}

MSC8156 Reference Manual, Rev. 2
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The predefined option is configured to be an individual locally administered addressin
accordance with | EEE Std. 802-2001™. This MAC address scheme allows for more that 8
unique MAC addresses per device by changing the last 4 bit values, thus allowing each core to
have 2 MAC addresses for use during operational mode.

6.2.2.2 TFTP Client

This implementation supports three types of messages: TFTP REQUEST, TFTP DATA and
TFTP ACK. Figure 6-8 describes the TFTP handshake.

TFTP REQUEST
| / \

TFTP DATA

TFTP ACK
TETP . | TFTP
|

CLIENT | SERVER

TFTP DATA (last)

-«
TFTP ACK \ /
|

Figure 6-8. TFTP Transactions

B The TFTP transfer isinitiated by the client when it issuesa TFTP REQUEST (which
contains the file name to download).

In response, the server provides the application with a series of TFTP DATA messages.

B The client handshakes each data block by issuing a TFTP ACK allowing the server to
proceed with subsequent TFTP DATA messages.

B This process repeats until al data blocks are received.

6.2.2.3 Boot File Format

The Ethernet bootloader expects an application file in the form of an S-Record file. The S-Record
fileisatext representation of the binary program code. The S-Record file structureis describesin
Figure 6-9.

MSC8156 Reference Manual, Rev. 2
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Start Record

Data Record 1

Data Record 2

Data Record n

End Record

Figure 6-9. S-Record File Structure

Each line of an S-Record file correspondsto any of the following: start record, datarecord, or end
record. Each record is terminated with aline feed.

Note: The S-Record that is downloaded during boot over Ethernet should include no
whitespaces (including newlines).

A record has the following format:
S<type><length><address><data><checksum>
Note: This implementation supports only record of types: SO, S3 or S7.
B The description of fieldsis described in Table 6-1.

Table 6-1. S-Record description of Fields

. Width in _—
Field Characters Description
S<type> 2 The type of record (S0, S3 or S7)
<length> 2 The count of remaining character pairs in the record
<address> 4 The address at which the data field is to be loaded into memory
<data> <64 The memory loadable data or descriptive information
<checksum> 2 The least significant byte of the ones complement of the sum of the byte values

represented by the pairs of characters making up the length, the address, and the
data fields

B ) Record. Starting record. The address and data fields are ignored and checksum check is
executed.

B S3 Record. Datarecord. The addressfield isinterpreted as a4-byte address. The datafield
is composed of memory |oadable data.

MSC8156 Reference Manual, Rev. 2
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B S/ Record. Termination record. The address fields is interpreted as the 4-byte address to
which to jump after boot. No checksum check is executed.

Shown below isatypica S-record format file:

S0030000FC
S30D00002FE731DC3180BEFO9E7062
S705000000000C

The SO record is composed as follows:

B S0. Indicating it is a starting record.

B 03. Hexadecimal 03 (decimal 3). Indicating that three character pairs (or ASCI| bytes)
follow.

B 0000. Information string (ignored)
B FC. Checksum field.

The S3 record is composed as follows:

B S3. Indicating it is adatarecord to be loaded at a 4-byte address.

B OD. Hexadecimal D (decimal 13), representing a4 byte address, 8 bytes of binary data,
and a 1 byte checksum, follow.

B 00002FE7. Eight character 4-byte address field.
B 31DC3180BEFQ9E70. 8-character pairs representing the actual binary data.
B 62. Checksum field.

The S7 record is composed as follows:

B S7. Indicating it isthe last record.

B 05. Hexadecimal 05 (decimal 5). Indicating that five character pairs (4 byte address and a
1 byte checksum follow).

B (00000000. Address field to jump to at the end of boot (is written to 0xC0101C10).
B OC. Checksum field.

Each S-Record line includes an address field that maps the lines data content to a memory
location in MSC8156. Core 0 moves the data to this address.

Note: Because the MSC8156 uses 32-bit addressing, use of S3 and S7 is recommended.

MSC8156 Reference Manual, Rev. 2
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6.2.3 Simple Ethernet Boot

The MSC8156 supports a simple Ethernet boot mode. This mode is selected by setting the
RCWHR[SBETH] bit during the PORESET sequence (see Section 5.3.2, Reset Configuration
Word High Register (RCWHR), on page 5-19 for details).

6.2.3.1 Simple Ethernet Boot Flow
The simple Ethernet boot mode uses the following sequence for processing:

B The bootloader configures the QUICC Engine subsystem drivers based on the
RCWHR[BPRT].

B There are two possibilities for setting the MAC address during the boot. See Section
6.2.2.1 for details.

B When the Ethernet interface is configured, the bootloader sends the start handshake data
0x17171717.

B The boot dataisread ablock at atime by the bootloader using a ssmple Ethernet frame
format:

<MAC Dest><MAC Source><Type><2 Bytes Data_L ength><4 Bytes Address><Data>

B Simple boot over Ethernet packets should have the ethertype field of the MAC header set
to 0x0004.

B The bootloader processes each data block: <data |ength><address><data> and placesit in
the destination memory location.

B The bootloader continues to process blocks until the end handshake data OXASA5A5A5 is
written to address 0xC0101COO.

B All coresjump to the address written in 0xC0101C10. The value in the address should be
written during the boot loading process.

6.2.3.2 Simple Ethernet Boot Ports

Booting over Ethernet is enabled on GE1 (UCC1) and GE2 (UCC3) depending on the values of
RCWHR[BPRT], RCWHR[GE1], RCWHR[GE2], RCWLR[S1P] and RCWLR[S2P].

Note: Use the following guidelines to configure bits to support the selected boot modes:

B For boot over Ethernet in RGMII mode the following bits should be configured:

— RCWHRJ[GEZ1] = 1 for boot over port 1
— RCWHR[GEZ2] = 1 for boot over port 2

MSC8156 Reference Manual, Rev. 2
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6.2.3.3 Boot File Format

The Ethernet bootloader expects an application filein the format of a Simple Ethernet frame. The
Simple Ethernet frame has the following format:

<Length><Address><Data>
The description of fieldsis described in Table 6-2.

Table 6-2. Simple Ethernet Description of Fields

Field vae:?;tgs Description
<length> 2 The count of remaining character pairs in the record
<address> 4 The address at which the data field is to be loaded into memory
<data> The memory loadable data or descriptive information

Each Simple Ethernet address field maps the data content to a memory location in the DSP. Core
0 moves the data to this address. The following example shows a typical Simple-Ethernet packet
for End-of-handshake between the Ethernet master and the M SC8156 boot:

1E7FD5000000
1E7FD5100000
0004

0004
C0101C00
AS5ASA5A5

The End-of-handshake packet sent by the Ethernet Master comprises the following:

1E7FD5000000, Destination MAC address (default MSC8156 address)
1E7FD5100000. Source MAC address.

0004. Ethernet type. The MSC8156 expects Ethernet type 0x0004.
0004. Length is 4 bytes.

C0101CO00. The address at which the datafield is to be loaded into memory. Thisisthe
Handshake address for the M SC8156.

AS5A5A5A5. Handshake data

MSC8156 Reference Manual, Rev. 2
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6.2.4 Serial RapidlO Interconnect

In this procedure a Serial RapidlO master waits for the MSC8156 boot program to finish its
default initialization and then initializes the device by typically loading code and data to the on
device memory.

6.2.4.1 Serial RapidlO Without 1°C Support

The boot code configures HSSI_ CR[0-1] and PxCCSR according to RCWLR[S1P] and
RCWLR[S2P] and writes 0x17171717 to address 0xC0101CO00. The flow is:

Disable port by writing to PXCCS register.

Set x1 or x4 by writing to PXCCSR.

Enable lanes by writing to the HSSI_ CR1[0-1].

Enable the port by writing to PXCCSR.

Afterwards, it pollsthis address until the serial Rapidl O master writes OXAS5A5A5A5 to
it, thereby indicating that it has finished its code loading.

a kW DdE

Figure 6-10 describes the boot flow from Serial Rapidl O interconnect.

# boot mode select = Serial RapidlO interface

Disable tri-state on lanes

'

Set 0xC0101C00
to Ox17171717

‘4

read address 0xC0101C00

==0xA5A5A5A5

Continue Boot Flow

Figure 6-10. Serial RapidlO Interface Boot Flow
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6.2.4.2 Serial RapidlO Interface with 1°C Support

The user can place { addr, data} pairsin the 12C EEPROM to configure various registers. The
address field should be as seen by the SC3850 DSP core. This feature is most commonly used to
configure registersin the general configuration block (see Section 6.2.1, 12C EEPROM, on page
6-9 for details). The boot supports up to 47 such pairs. The 8 bytes following the last pair should
aways be set to { OxFFFFFFFF, OXFFFFFFFF} , regardless of the actual number of pairs placed
in the 1°C EEPROM.

Note: Multiple devices connected to a shared EEPROM see the same address/data pairs.

6.2.5 SPI

The MSC8156 can boot from a Flash memory on the SPI. The boot expects a Flash memory that
latches on the rising edge of the clock and on which datais valid after the falling edge. The
chip-select should be acs low signal. The boot code expects to see the same data format used for
the 12°C EEPROM (see described in Section 6.2.1, 12C EEPROM, on page 6-9, item 4 for details
on the boot code requirements) starting at address O of the SPI.

A shared SPI busis arbitrated by all the devices connected to it by polling cs. All signals should
be connected as open-drain if more than one device is connected to the SPI flash. The SPI bus
will run no faster than 400 KHz to support multiple devices connected with an open drain.

Note: If the RCW isread from EEPROM, the device for which RCWHR[RM] equals 1
should have RCWHR[DEV D] of 0. Using this configuration setting saves on
arbitration cycles towards the SPI flash.

Note: During boot over SPI, the pins described in Chapter 22, GPIO are used per their SPI
functionality. In addition, GPIO23 is used as a chip-select signal (CS) to control access
to the SPI Flash memory.

6.3 Jump to User Code
Before finishing its tasks the boot code preforms these actions:

B If RCWHR[RIQ] is cleared, the boot code disables host accesses by Rapidl O interface to
internal memory space by putting the lanes into tri-state high impedance state.

B |nvalidate all range of |Caches and close MMU program windows.
B Coreinternal registers (other than RO and VBA) are set to 0x00000000.
B All configurations which were done by the boot code are cleared.

— Moduleregisters

— GPIO configurations

— Write 0x00000000 to GIER (see Chapter 8, General Configuration Registers) to clear
the register.

MSC8156 Reference Manual, Rev. 2
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System after Boot

— Disable dl interrupts (NMI excluded)
— Clear al QUICC Engine registers by writing 1 to QECMDR[RST]

0x900D900D is written to 0xC0101COC in M3 indicating that the boot has finished
executing.

All cores jump to the address written in 0xC0101C10. The value in this address should be
written during the boot loading process.

System after Boot

All MATTsinthe MMUs are set to their reset value values (except M_xSDBx[PBS]
which is set to 0x2).

L1 I-Cacheisenabled, but there are no cacheable windows.

All NMIswill be configured asNMIsin the EPIC.

VBA equals OXFEF17000. Any interrupt in the EPIC puts the core in debug.

EDC is enabled.

Coreregister values are not guaranteed and should be initialized before use.

Boot Errors

If the boot code fails, an indication as to the root cause is written to 0xC0101CO04. The possible
reasons are listed in Table 6-3.

Table 6-3. Boot Error Codes

Error Code Description
Ox003FEFFF Catastrophic Error. SmartDSP OS Function failed
0x003FEFFE DHCP server time out
Ox003FEFFD Corrupted boot file. The possible causes are:
¢ Checksum wrong in TFTP file
« Checksum wrong in 12C file
¢ Unsupported S-Record type
Ox003FEFFC TFTP server time out
O0x003FEFFA TFTP server sent ERROR code (05)
0x003FEFF9 Unsupported boot port
O0x003FEFF8 Reset slave does not respond
Ox003FEFF5 Boot over Ethernet or RapidlO isn’t supported with current RCW configuration
O0x003FEFF4 Too many I2C RCW slaves in address 0x11 of the EEPROM
Ox003FEFF3 Error in protocol between I2C RCW master and slave
0x003FEFF2 Boot port trying to write to area designated for boot (0xC0101C18-0xC0107FFF)
0X003FEFF1 In patch mode, the boot port is I°C.
0X0027EFFE Lost arbitration on 1°C us.
0x0027EFFD Time-out on 12C acknowledge (9th clock).
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Table 6-3. Boot Error Codes

Error Code Description
0Xx0027EFFC Stuck 12C_SDA (I%C bus).
0x00000000 Unexpected debug condition in the SC3850 Core (unexpected interrupt, EEO asserted

and so on)

MSC8156 Reference Manual, Rev. 2

6-24

Freescale Semiconductor



Clocks V4

The clock circuits containsfive PLLS:

B Three PLLsdrivenfromasingle CLKIN signal generated by acrystal-based oscillator that
generate the clocks for the DSP core subsystems, the internal CLASS buses, the RapidlO
controller, the QUICC Engine subsystem, the MAPLE-B subsystem, the TDM interfaces,
internal memory, the DDR-SDRAM memory controllers, and the PCI Express interface.

B Two PLLsthat generate clocks for the SerDes interfaces in the HSSI.

MSC8156 Reference Manual, Rev. 2
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7.1 Clock Generation Components and Modes

The clock generation components and clock scheme are shown in Figure 7-1.

PLL O clk
cLkiN —p——p[ pLip |- POy D2k CLASS Subsysten]

—PI DSP Core Subsystem 0 |
—>| DSP Core Subsystem 1 |
PLL O clk B DIV —>| DSP Core Subsystem 2 |
PLL 1 clk —>| DSP Core Subsystem 3 |
—P| DSP Core Subsystem 4 |
—PI DSP Core Subsystem 5 |

PLL 1 clk
.»—-PLLl EEE—— —>
- PLL O clk DIV HSSI Subsystem |

PLL 1 clk—

PLL O clk—p|0 .
bLL 1 clk—»lg’-_" QUICC Engine Subsystem |

O,

PLL 0 clk—ppl0

PLL 2 clk—pp|1 DIV MAPLE-B Subsystem |
PLL 0 clk—p{0

PLL 2 clk—pp|1 DIV DDR1 Controller |
PLL 0 clk—p{0

PLL 2 clk—p{1 DIV DDR2 Controller |

SerDes PLL = SerDes Clock

SerDesl REF_CLK —:—y SerDesl1 PLL I » SERDESI1CLK
| |
O SerDes PLL = SerDes Clock
SerDes2_REF_CLK —i—y SerDes2 PLL : » SERDES2CLK

Note: The source for CLKOUT is selected at reset via the Reset Configuration Word (RCW). See Chapter 5, Reset for details.

Figure 7-1. MSC8156 Clock Scheme

Each PLL usesitsinput clock to generate afast clock that is synchronized to the input clock. The
fast clock is distributed to each of the clock dividers to generate the clocks that are distributed to
the system blocks. The clock circuits are locked, according to the selected clock mode, when the
first stage of the system reset configuration is done (reset configuration is controlled by the
RESET block). The clock circuits are initialized after the first phase of the reset configuration,
when the low part of the reset configuration word is loaded, according to the selected clock
mode.
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The MSC8156 clock modes are listed in Table 7-1.

Clock Generation Components and Modes

Table 7-1. MSC8156 Clock Modes

DSP Core QU'.CC
Mode | CLKIN || PLLO | PLL1 | PLL2 ||CLASS Subsystems HSSI Engine MAPLE-B | DDR1 | DDR2
Subsystem
0 100 900 1000 500 1000 333 500 450
1 66.67 800 0 400 800 267 400 400
4 100 900 1000 500 1000 333 450 450
19 100 900 1000 450 1000 333 500 450
21 100 900 1000 450 1000 333 450 450
36 100 900 1000 500 1000 333 500 450
37 66.67 800 0 400 800 267 400 400
39 100 900 1000 500 1000 333 450 450
45 100 900 1000 450 1000 333 450 450
Notes: 1. The color of each cell, states which PLL drives its clock domain. PLL O is red, PLL1 is yellow, and PLL2 is blue

with white lettering.

by setting bit 7 of RCW low (for RCW details, see Chapter 5, Reset).

CLK_OUT pin can be driven from either PLL with selection determined by the value of
RCWLR[CLKOQ] (bits 31-30 of the low part of the reset configuration word—for details, see
Chapter 5, Reset). The possible CLK_OUT frequencies are listed in Table 7-2.

Table 7-2. MSC8156 CLK_OUT Frequencies

In clock modes 1 and 37, PLL1 is not used. In order to save power and reduce noise, this PLL should be disabled

Mode PLLO PLL1 PLL2 CLK_OUT from PLLO | CLK_OUT from PLL1 | CLK_OUT from PLL2
0 900 1000 75 100
1 800 0 66.67 6.7
4 900 1000 75 100
19 900 1000 75 100
21 900 1000 75 100
36 900 1000 75 100
37 800 0 66.67 6.7
39 900 1000 75 100
45 900 1000 75 100
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7.2 Programming Model
The registers covered in this section are as follows:

B System Clock Control Register (SCCR), page 7-4.
B Clock General Purpose Register 0 (CLK_GRPO), page 7-5.

Note: The clock registers use a base address of: OxFFF24000.

7.2.1 System Clock Control Register (SCCR)
SCCR Offset 0x000

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

System Clock Control Register

Type
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

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

CLASS| CORE | CORE | HSSI |QEDIS |MAPLE| DDR1 | DDR2
DIS |3-0DIS|5-4DIS| DIS DIS DIS DIS

Type
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

The SCCR can be used to shut down the clock for some of the clock domains. This register can
only be reset by a power-on reset. Table 7-3 defines the SCCR hit fields.

Table 7-3. SCCR Bit Descriptions

Name Reset Description Settings
— 0 Reserved. Write to zero for future compatibility.
31-16
CLASSDIS 0 CLASS Clock Domain Disable CLASS clock domain enabled.
15 Used to disable the CLASS clock domain to CLASS clock domain disabled.
conserve power.

CORES3-0 0 Core 3-0 Clock Domain Disable Core 3-0 clock domain enabled.
DIS Used to disable the Core 3-0 clock domain to Core 3-0 clock domain disabled.
14 conserve power.

CORE5-4 0 Core 5-4 Clock Domain Disable Core 5-4 clock domain enabled.
DIS Used to disable the Core 5-4 clock domain to Core 5-4 clock domain disabled.
13 conserve power.

HSSIDIS 0 HSSI Clock Domain Disable HSSI clock domain enabled.

12 Used to disable the HSSI clock domain to HSSI clock domain disabled.
conserve power.
QEDIS 0 QUICC Engine Clock Domain Disable QUICC Engine clock domain enabled.
11 Used to disable the QUICC Engine subsystem QUICC Engine clock domain disabled.
clock domain to conserve power.
MAPLEDIS 0 MAPLE-B Clock Domain Disable MAPLE-B clock domain enabled.
10 Used to disable the MAPLE-B clock domain to MAPLE-B clock domain disabled.
conserve power.
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.Programming Model

Table 7-3. SCCR Bit Descriptions (Continued)

Name Reset Description Settings
DDRI1DIS 0 DDR1 Clock Domain Disable 0 DDR1 clock domain enabled.
9 Used to disable the DDRL1 controller clock 1 DDR1 clock domain disabled.
domain to conserve power.
DDR2DIS 0 DDR2 Clock Domain Disable 0 DDR2 clock domain enabled.
8 Used to disable the DDR2 controller clock 1 DDR?2 clock domain disabled.

domain to conserve power.

— 0 Reserved. Write to zero for future compatibility.
7-0

7.2.2 Clock General Purpose Register 0 (CLK_GPRO0)
CLK_GPRO Clock General Purpose Register 0 Offset 0x004

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

Type R
Reset Determined by MODCK

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

Type R R/W

Reset Determined by MODCK

The CLK_GPRO is used to set the RapidlO prescale value to yield the 8 MHz clock required for
event timing. Table 7-4 defines the CLK_GPRO bit fields.

Table 7-4. CLK_GPRO Bit Descriptions

Name Reset Description Settings

— MODCK | Reserved.

31-6 value
RPTE MODCK | RapidlO Prescaler for Timed Event Clock 100000 For MODCK 1
5-0 value This value is used to scale the OCN clock (which is equal to the HSSI and 37.
clock that is derived from the MODCK settings; see Table 7-1) toyield | 101001 For MODCK 0,
an 8 MHz clock used by the RapidlO subsystem to calculate different 4,21, 36, 39, 45

event times. The value to enter into this field is computed by the
formula: (ocn_clk_freq/8 MHz) — 1, rounded to the nearest whole value
(ocn_clk_freq = HSSI clock frequency). The default is selected by the
MODCK settings at power-up reset.

All other values reserved.
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General Configuration Registers 3

The MSC8156 device includes a general configuration block that includes fifty-six 32-bit
registers. Thisblock provides sets of control and status registers for modulesin the device that do
not include their own control and status registers.

8.1

Programming Model

The general configuration registers include the following:

Genera Control Register 1 (GCR1), see page 8-2

Genera Control Register 2 (GCR2), see page 8-3

General Status Register 1 (GSR1), see page 8-5

High Speed Serial Interface Status Register (HSSI_SR), see page 8-7

DDR General Configuration Register (DDR_GCR), see page 8-10

High Speed Serial Interface Control Register 1 (HSSI _CR1), see page 8-12

High Speed Seria Interface Control Register 2 (HSSI_CR2), see page 8-15

QUICC Engine Control Register (QECR), see page 8-16

GPIO Pull-Up Enable Register (GPUER), see page 8-17

GPIO Input Enable Register (GIER), see page 8-18

System Part and Revision ID Register (SPRIDR), see page 8-19

Genera Control Register 4 (GCR4), see page 8-20

Genera Control Register 5 (GCR5), see page 8-22

General Status Register 2 (GSR2), see page 8-24

Core Subsystem Slave Port Priority Control Register (TSPPCR), see page 8-26
QUICC Engine First External Request Multiplex Register (CPCELR), see page 8-27
QUICC Engine Second External Request Multiplex Register (CPCE2R). see page 8-28
QUICC Engine Third External Request Multiplex Register (CPCE3R), see page 8-29
QUICC Engine Fourth External Request Multiplex Register (CPCE4R), see page 8-30
Genera Control Register 10 (GCR10), page 8-31

Genera Interrupt Register 1 (GIR1), see page 8-32

Genera Interrupt Enable Register 1 for Cores 0-5 (GIER1_[0-5]), see page 8-35
Genera Interrupt Register 3 (GIR3), see page 8-37
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General

Configuration Registers

Genera Interrupt Enable Register 3 for Cores 0-5 (GIER3_[0-5]), see page 8-39
Genera Interrupt Register 5 (GIR5), see page 8-40

Genera Interrupt Enable Register 5 for Cores 0-5 (GIER5 _[0-5]), see page 8-42
Genera Control Register 11 (GCR11), see page 8-43

Genera Control Register 12 (GCR12), see page 8-44

DMA RequestO Control Register (GCR_DREQOQ), see page 8-46

DMA Requestl Control Register (GCR_DREQ1), see page 8-50

DMA Done Control Register (GCR_DDONE), see page 8-54

DDR1 General Configuration Register (DDR1_GCR), see page 8-57

DDR2 General Configuration Register (DDR2 _GCR), see page 8-58

Core Subsystem Slave Port General Configuration Register (CORE_SLV_GCR), see
page 8-59

Note: The base address for the general configuration registersis. OxFFF28000.
8.2 Detailed Register Descriptions
8.2.1 General Configuration Register 1 (GCR1)
GCR1 General Configuration Register 1 Offset 0x00
Bit 31 30 29 28 27 26 25 24
Type R RIW
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
— UART_STOP
Type R/W
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
— DDR2_PIPE_LMT DDR1_PIPE_LMT
Type R/W
Reset 0 1 0 0 0 0 1 0
Bit 7 6 5 4 3 2 1 0
DDR1_PIPE_LMT TDM_PIPE_LMT
Type RIW
Reset 0 0 0 1 0 0 0 0
MSC8156 Reference Manual, Rev. 2
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Detailed Register Descriptions

GCR1 configures various genera functionsfor the MSC8156 device. Table 8-1 liststhe GCRL1 bit

field descriptions.

Table 8-1. GCR1 Bit Descriptions

Name Reset Description ‘ Settings
— 0 Reserved. Write to 0 for future compatibility.
31-17
UART_STOP 0 UART Stop 0 Normal operation.
16 Stops the UART clock. 1 UART clock stopped.
— 0 Reserved. Write to 0 for future compatibility.
15
DDR2_PIPE_LMT 10000 | DDR2 Pipeline Limit
14-10 Specifies the DDR2 complex pipeline
depth.
DDR1_PIPE_LMT 10000 | DDR1 Pipeline Limit
9-5 Specifies the DDR1 complex pipeline
depth.
TDM_PIPE_LMT 10000 | TDM Pipeline Limit

4-0 Specifies the TDM complex pipeline depth.
8.2.2 General Configuration Register 2 (GCR?2)
GCR2 General Configuration Register 2 Offset 0x04
Bit 31 30 29 28 27 26 25 24
Type RIW
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
— DMA_DBG
Type R/W
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
- CORE5_STP_|CORE4_STP_|CORE3_STP_|[CORE2_STP_|[CORE1_STP_|COREO_STP_|
EN EN EN EN EN EN
Type R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
— CORE5_DBG|CORE4_DBG|CORE3_DBG|CORE2_DBG|CORE1_DBG|COREO_DBG
_REQ _REQ _REQ _REQ _REQ _REQ
Type R/W
Reset 0 0 0 0 0 0 0 0
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General Configuration Registers

GCR2 configures various genera functionsfor the MSC8156 device. Table 8-2 lists the GCR2 bit

field descriptions.

Table 8-2. GCR2 Bit Descriptions

Name Reset Description ‘ Settings
— 0 Reserved. Write to 0 for future compatibility.
31-17
DMA_DBG 0 DMA Debug Mode Request 0 Norequest.
16 When set, initiates a request forthe DMA | 1 DMA debug request.
controller to enter Debug mode. See
Section 14.7.17, DMA Debug Event
Status Register (DMADESR), on page
14-43.
— 0 Reserved. Write to 0 for future compatibility.
15-14
CORES5_STP_EN 0 Core 5 Stop Enable 0 Stop disabled.
13 Enables core 5 subsystem to stop. 1 Stop enabled.
CORE4_STP_EN 0 Core 4 Stop Enable 0 Stop disabled.
12 Enables core 4 subsystem to stop. 1 Stop enabled.
CORE3_STP_EN 0 Core 3 Stop Enable 0 Stop disabled.
11 Enables core 3 subsystem to stop. 1 Stop enabled.
CORE2_STP_EN 0 Core 2 Stop Enable 0 Stop disabled.
10 Enables core 2 subsystem to stop. 1 Stop enabled.
CORE1_STP_EN 0 Core 1 Stop Enable 0 Stop disabled.
9 Enables core 1subsystem to stop. 1 Stop enabled.
COREO_STP_EN 0 Core 0 Stop Enable 0 Stop disabled.
8 Enables core 0 subsystem to stop. 1 Stop enabled.
— 0 Reserved. Write to 0 for future compatibility.
7-6
CORE5_DBG_REQ 0 Core 5 Debug Request 0 No debug request.
5 Asserts a debug request to core 5. 1 Debug request.
CORE4_DBG_REQ 0 Core 4 Debug Request 0 No debug request.
4 Asserts a debug request to core 4. 1 Debug request.
CORE3 _DBG_REQ 0 Core 3 Debug Request 0 No debug request.
3 Asserts a debug request to core 3. 1 Debug request.
CORE2_DBG_REQ 0 Core 2 Debug Request 0 No debug request.
2 Asserts a debug request to core 2. 1 Debug request.
CORE1_DBG_REQ 0 Core 1 Debug Request 0 No debug request.
1 Asserts a debug request to core 1. 1 Debug request.
COREO_DBG_REQ 0 Core 0 Debug Request 0 No debug request.
0 Asserts a debug request to core 0. 1 Debug request.
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Detailed Register Descriptions

8.2.3 General Status Register 1 (GSR1)
GSR1 General Status Register 1 Offset 0x08
Bit 31 30 29 28 27 26 25 24
CORE_ CORE_ CORE_ CORE_ CORE_ CORE_
WAIT_ACK5 | WAIT_ACK4 | WAIT_ACK3 | WAIT_ACK2 | WAIT_ACK1 | WAIT_ACKO
Type R
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
CORE_ CORE_ CORE_ CORE_ CORE_ CORE_
STOP_ACKS5 | STOP_ACK4 | STOP_ACK3 | STOP_ACK2 | STOP_ACK1 | STOP_ACKO
Type R
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
— M3_PU_1 | M3_PU_O | MAPLE_PU —
Type R
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
CORE_DBG_|CORE_DBG_|CORE_DBG_|CORE_DBG_|CORE_DBG_|CORE_DBG_
STS5 STS4 STS3 STS2 STS1 STSO
Type R
Reset 0 0 0 0 0 0 0 0

GSR1 reports the status various general functions for the MSC8156 device. Table 8-3 lists the

GSR1 bit field descriptions.

Table 8-3. GSR1 Bit Descriptions

Name Reset Description ‘ Settings
— 0 Reserved. Write to 0 for future compatibility.
31-30
CORE_WAIT_ACKS5 0 Core Wait Acknowledge 5 0 Core subsystem not in Wait state.
29 Reflects whether core 5 subsystem is in 1 Core subsystem in Wait state.
Wait state.
CORE_WAIT_ACK4 0 Core Wait Acknowledge 4 0 Core subsystem not in Wait state.
28 Reflects whether core 4 subsystem is in 1 Core subsystem in Wait state.
Wait state
CORE_WAIT_ACK3 0 Core Wait Acknowledge 3 0 Core subsystem not in Wait state.
27 Reflects whether core 3 subsystem is in 1 Core subsystem in Wait state.
Wait state.
CORE_WAIT_ACK2 0 Core2 Wait Acknowledge 2 0 Core subsystem not in Walit state.
26 Reflects whether core 2 subsystem is in 1 Core subsystem in Wait state.
Wait state
CORE_WAIT_ACK1 0 Corel Wait Acknowledge 1 0 Core subsystem not in Walit state.
25 Reflects whether core 1 subsystem is in 1 Core subsystem in Wait state.
Wait state.
CORE_WAIT_ACKO 0 Core Wait Acknowledge 0 0 Core subsystem not in Walit state.
24 Reflects whether core 0 subsystem is in 1 Core subsystem in Wait state.
Wait state.
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General Configuration Registers

Table 8-3. GSR1 Bit Descriptions (Continued)

Name Reset Description ‘ Settings
— 0 Reserved. Write to 0 for future compatibility.
23-22
CORE_STOP_ACK5 0 Core Stop Acknowledge 5 0 Core subsystem not in Stop state.
21 Reflects whether core 5 subsystem is in 1 Core subsystem in Stop state.
Stop state.
CORE_STOP_ACK4 0 Core Stop Acknowledge 4 0 Core subsystem not in Stop state.
20 Reflects whether core 4 subsystem is in 1 Core subsystem in Stop state.
Stop state
CORE_STOP_ACK3 0 Core Stop Acknowledge 3 0 Core subsystem not in Stop state.
19 Reflects whether core 3 subsystem is in 1 Core subsystem in Stop state.
Stop state.
CORE_STOP_ACK2 0 Core Stop Acknowledge 2 0 Core subsystem not in Stop state.
18 Reflects whether core 2 subsystem is in 1 Core subsystem in Stop state.
Stop state
CORE_STOP_ACK1 0 Core Stop Acknowledge 1 0 Core subsystem not in Stop state.
17 Reflects whether core 1 subsystem is in 1 Core subsystem in Stop state.
Stop state.
CORE_STOP_ACKO 0 Core Stop Acknowledge 0 0 Core subsystem not in Stop state.
16 Reflects whether core 0 subsystem is in 1 Core subsystem in Stop state.
Stop state.
— 0 Reserved. Write to 0 for future compatibility.
15
M3_PU_1 0 M3 Power Up Second Half 0 512 KB M3 (2nd half) powered down.
14 Reflects the M3 512 KB power up status. 1 512 KB M3 (2nd half) powered up.
M3_PU_O 0 M3 Power Up First Half 0 512 KB M3 (1st half) powered down.
13 Reflects the M3 512 KB power up status. 1 512 KB M3 (1st half) powered up.
MAPLE_PU 0 MAPLE Power Up 0 MAPLE powered down.
12 Reflects the MAPLE block power status. 1  MAPLE powered up.
— 0 Reserved. Write to 0 for future compatibility.
11-6
CORE_DBG_STS5 0 Core Debug Status 5 0 Notin Debug mode.
5 Reflects the mode of core 5. 1 In Debug mode.
CORE_DBG_STS4 0 Core Debug Status 4 0 Notin Debug mode.
4 Reflects the mode of core 4. 1 In Debug mode.
CORE_DBG_STS3 0 Core Debug Status 3 0 Notin Debug mode.
3 Reflects the mode of core 3. 1 In Debug mode.
CORE_DBG_STS2 0 Core Debug Status 2 0 Notin Debug mode.
2 Reflects the mode of core 2. 1 In Debug mode.
CORE_DBG_STS1 0 Core Debug Status 1 0 Notin Debug mode.
1 Reflects the mode of core 1. 1 In Debug mode.
CORE_DBG_STSO0 0 Core0 Debug Status 0 0 Notin Debug mode.
0 Reflects the mode of core 0. 1 In Debug mode.
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Detailed Register Descriptions

8.24 High Speed Serial Interface Status Register (HSSI_SR)
HSSI_SR High Speed Serial Interface Status Register Offset Ox0C
Bit 31 30 29 28 27 26 25 24
— SERDES2_ PD DMA1_PD | SRIO1_PD | SERDES1_
PD
Type R
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
SERDES1_PD DMAO_PD | SRIOO_PD | PEX_PD OCN_PD | RMU_PD [SRIO1_STOP
_ACK
Type R
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
SRIO0_STOP — SERDES2_ | SERDES2_ [SRIO_1_IDLE[SRIO_1_OB._|
_ACK RST_DONE PD DLE
Type R
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
SERDES1_ | SERDES1_ [SRIO_O_IDLE[SRIO_0_OB_I[ PEX_OB_ | PEX_IDLE — RMU_IDLE
RST_DONE PD DLE IDLE
Type R
Reset 0 0 0 0 0 0 0 0

HSSI_SR controls part of the SerDes operation for the MSC8156 device. The register isreset on a
Hard reset. Write accesses can only be performed in Supervisor mode. Table 8-4 liststhe HSSI SR bit

field descriptions.

Table 8-4. HSSI_SR Bit Descriptions

Name Reset Description ‘ Settings
— 0 Reserved. Write to 0 for future 