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About This Book

The MSC8251 deviceisthe 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 MSC8251 device includes four 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 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

One DSP Core Subsystem

The 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.

MSC8251 Reference Manual, Rev. 1

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 SC8251 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 MSC8251. 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 MSC8251 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

MSC8251 Reference Manual, Rev. 1
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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 Sgnals. Identifies the 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. Coversreset sources, causes, and configurations; gives examples of
different reset configuration scenarios, including systems with multiple MSC8251
devices.

B Chapter 6, Boot Program. Describes the bootloader program that loads and executes
source code to initialize the M SC8251 after it completes 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 MSC8251 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 spacesfor all MSC8251 modules; includes
cross references to all registers discussed.

B Chapter 10, MSC8251 SC3850 DSP Subsystem. Describes the structure of the DSP core
subsystem, which includes the SC3850 core, the instruction cache (1Cache), 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
|Cache, 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. This interface 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 MSC8251 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 (HSS) 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 RapidlO Controller. Describes the how the serial Rapidl O interfaces
work and how to program them.
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Chapter 17, PCI Express Controller. Describes the how the PCI Expressinterface works
and how to program it.

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

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.

Chapter 20, UART. Describesthe UART interface, which isafull-duplex serial port used
to communicate with other devices.

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.

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.

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

Chapter 24, 1°C. Describes the 1°C interface. which allows the MSC8251 to boot from a
serial EEPROM device.

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
MSC8251 implementation. Also includes debugging resources available in the SC3850
DSP core subsystem, including the OCE modules, and L2 1Cache module.
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Other MSC8251 Documentation

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

MSC8251 Technical Data Sheet (MSC8251). Details the signals, AC/DC characteristics,
clock signal characteristics, package and pinout, and electrical design considerations of
the MSC8251 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 Freescale products.

Application Notes. Cover various programming topics related to the StarCore DSP core
and the MSC8251 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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Revision Date Change Description
0 Apr 2010 Initial public release
1 Jul 2011 e Chapter 4, Chip-Level Arbitration and Switching System (CLASS).

— Removed all references to CLASS MBus Target Configuration Registers (COMTCRn), CLASS
Start Address Decoder 7 (COSAD7), CLASS End Address Decoder 7 (COEAD7), and CLASS
Attributes Decoder 7 (COATD?7).

— Added 4.3, MSC8251 Initiator CLASS Access Priorities.

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

* Chapter 6, Boot Program

— Updated Figure 6-1.

Updated Steps 10 and 11 in Section 6.1.4, Multi Device Support for the I°C Bus, on page 6-4.

— Updated Section 6.2.4.1, Serial RapidlO Without 12c Support, on page 6-21.

— Updated Figure 6-10.

e Chapter 7, Clocks

— Added Clock Mode 19 to Table 7-1 and Table 7-2.

— Fixed RPTE field in figure layout in Section 7.2.2, Clock General Purpose Register 0
(CLK_GPRO0), on page 7-5.

« Chapter 8, General Configuration Registers
— Corrected PARTID value in System Part and Revision ID Register (SPRIDR).
e Chapter 9, Memory Map

— Deleted COMTCRn, COSAD7, COEAD7, COATD7, POPCR, and P1PCR from Table 9-7.

¢ 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-to-MBus control registers in Section 15.8, HSSI Programming Model
e Chapter 16, Serial RapidlO Controller

— Converted list of registers to Table 16-44.

— Removed references to Port [0—1] Physical Configuration Registers (PnPCR).

— Corrected DI value in DIDCAR.

e Chapter 17, PCI Express Controller

— Added new section Section 17.4.1.9.15, PCI Express ACK Replay Timeout Register
(PEX_ACK_REPLAY_TIMEOUT)—0x434, on page 17-116.

« Chapter 25, Debugging, Profiling, and Performance Monitoring
Removed references to trigger mode including PMLCBO.

Updated the settings values for DP_TC[CSS] in Table 25-31.
Updated the list of performance monitor events in Table 25-37.
Corrected JTAG ID value.
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Overview 1

The MSC8251 deviceis 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 MSC8251 is carefully optimized for minimal cost, power, and area
per channel. The highly flexible, fully-programmable and powerful MSC8251 broadband
wireless access DSP offers tremendous processing power while maintaining a competitive price
and high performance.

The highly integrated MSC8251 DSP device includes the following:

One StarCore SC3850 DSP subsystem running at up to 1 GHz with an architecture
optimized for wireless applications.

Two DDR2/3 memory controllers high-speed industry-standard memory interface.
High-Speed Serial 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 RGMI1 and SGMII support
— One SPI

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

UART interface

1°C interface

MSC8251 Reference Manual, Rev. 1

Freescale Semiconductor 1-1



view

1.1 Features

The MSC8251 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
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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.

MSC8251 Reference Manual, Rev. 1
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— 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)
e 256 interrupts
o 32 priority levelswith NMI support

— Two general-purpose 32-bit timers

— Low-power design with the following modes of operation:
e Wait processing state for peripheral operation
» Stop processing state

— ECC/EDC support.

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, 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 Threesystem PLLs
e Two Serial RapidlO PLLs.
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— 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

— Programmable 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

— 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 unidirectional 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 residein 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:
e 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

MSC8251 Reference Manual, Rev. 1

Freescale Semiconductor 1-5



view

— 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 Seria Interface (HSSI)
— Seria RapidlO Subsystem

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

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)

MSC8251 Reference Manual, Rev. 1
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— 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 Controller
» Complieswith the PCI Express Base Specification, Revision 1.0a
» Supports root complex (RC) and endpoint (EP) configurations
o 32- and 64-bit address support
e x4, x2,and x1 link support
e Supports accesses to all PCI Express memory and 1/0 address spaces (requestor

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

e Supports strong and relaxed transaction ordering rules

» PCI Express configuration registers (type 0 in EP mode, type 1 in RC mode)
» Basdline and advanced error reporting support

e Onevirtua channel (VCO)

o 256-byte maximum payload size (MAX_PAYLOAD_SIZE)

» Supportsthreeinbound general-purpose translation 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 Ointernal 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 Rapidl O interface or x1 serial Rapidl O interface and two
SGMII ports

» Port 2 supports x1/x4 serial Rapidl O 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:

MSC8251 Reference Manual, Rev. 1
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— 1000 Mbps SGMI1 protocol using a4-pin SerDes interface multiplexed through
the HSSI SerDes port.

— 1000 Mbps RGMII protocol

MAC-to-MAC connection in al modes

Full-duplex operations

Full-duplex flow control feature (IEEE Std. 802.3x™)

Receive flow control frames

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

— |P 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

MSC8251 Reference Manual, Rev. 1

1-8

Freescale Semiconductor



Features

» Programmable clock phase and polarity
» Local loopback capability for testing
* Open-drain outputs support multimaster configuration

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

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

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 modules 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 supports up 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

— Gluelessinterface 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

MSC8251 Reference Manual, Rev. 1
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— 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
— Hardware parity checking
— 1/16 bit-time noise detection
— Single-wire and loop operations
B Timers
— Two general-purpose 32-hit timers for RTOS support per SC3850 core
— Four TMR modules, each with the following features:

Four 16-bit timers

Cascadable timers

Count up/down

Programmabl e count modulo

Count once or repeatedly

Counters are preload able

Compare registers can be prel oaded

Counters can share available inputs

Separate prescaler for each counter

Each counter has capture and compare capability

Can use one of the following clock sources: system clock, TDM clock input, or
external clock input

— Eight software watchdog timer (SWT) modules
B Eight programmable hardware semaphores, locked by simple write access without need
for read-modify-write operation by the DSP core.
B Virtual interrupts
— Generation of 32 virtual interrupts by a simple write access
— Generation of virtual Nmi by a simple write access
B 1°Cinterface
— Two-wire interface
— Multi-master operational
— Calling address identification interrupt

— START and STOP signal generation/detection
— Acknowledge bit generation/detection

MSC8251 Reference Manual, Rev. 1
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— Bus busy detection
— Programmabl e clock frequency
— On-chip filtering for spikes on the bus

B 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
— Al 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 MSC8251 device is manufactured using CMOS 45 nm SOI
technol ogy.
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1.2 Block Diagram
A block diagram of the MSC8251 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 ——»—»UART <«
T T T —p Clocks <—
CLASS —»  Timers <—»
4 > Reset <«
High-Speed Serial Interface
—» Semaphores
: DMA DMA
SC3850 ~ QUICCENgine Virtual
DSP Core o B Subsystem Serial | Serial = pgj > Interrupts
- 'If]t_'yte 22 Efyte )§> g Dual RISC Processors —— RapidlO RapidlO Expr Boot ROM
ICache ' DCache ] SPI  Ethernet Ethernet 2 -
512 Kbyte ¢ > 1“C <+

- SerDes 1 SerDes 2 Ly Other
Four DSP Cores at 1 GHz Modules

Four TDMs 256-Channels each x4 3.125 Gbaud

SPI RGMII RGMII PCI-EX x1/2x/x4
Two SGMII

x4 3.125 Gbaud
Note: The arrow direction indicates master or slave. Two SGMII

Figure 1-1. MSC8251 Block Diagram

1.3 Architecture

The MSC8251 architecture is carefully optimized to achieve the maximum channel density for a
given device area, power, and cost. Also, the MSC8251 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, thereis 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
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StarCore SC3850 DSP Subsystem

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 M l .
e ache emory EPIC Timer

IQBus TDQBUS T T
i R R

Protection
Debug Support Write- Write-
g Supp! I32th¥_te Through 32DKbyte i Back Address
nstruction Buffer ata Buffer Translation
OCE30|| DPU
Cache (WTB) Cache (WBB) MMU

. i

SC3850 Xa-bus
Core 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.

There are three write policies when writing data outside the core:

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 awrite-miss occurs.

B Cacheablewrite-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.

B Non-cacheable. The writeisdirect 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) as follows:
B Virtual-to-physical address translation in the MMU.
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B Two privilege levels: user and supervisor.
B Memory protection.
B Precise exceptions upon an MMU violation enabling dynamic memory management.

The embedded programmabl e 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

Type I .
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

 Unified program and data

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 a so includes an address generation unit (AGU) that contains two address
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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 calculation 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 special instructions to support special operations, such as Viterbi and video
applications.

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.
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1.4.3 L1 Instruction Cache

Theinstruction 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 addressis not found in
the array, a DCache miss occurs, and the DFU |oads the data to the DCache from the external
(off-subsyster) 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.

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 dlave 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.
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StarCore SC3850 DSP Subsystem
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 trandlation 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.

Sets up to six address-related breakpoints on either PC or a data address

Sets a data breakpoint on a data val ue, 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 paralel 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.
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The rest 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 Chip-Level Arbitration and Switching System (CLASS)

The CLASS isthe central internal interconnect system for the MSC8251 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 One SC3850 DSP subsystems

m HSS

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

The CLASS targets are:

B Configuration control and status registers (CCSRs)
B One core port

B Two DDR controllers

B M3 memory

1.6 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
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accesses. If the full M3 memory is not required, power can be turned off to 1024 MB to reduce
power consumption.

1.7 Clocks
The MSC8251 device has three input clocks:

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

The M SC8251 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 a fixed table called clock modes table. The clock modes can be
changed by the user after reset.

1.8 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 SC8251 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 SC8251 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 a separate 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-hit 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 partial write operationsto
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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 deviceisusually
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.

1.9 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 allowsthe 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) algorithm.

1.10 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 SGMII 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

Two SRIO port controllers to link the RMU and OCN fabric to the SerDes ports.
B Two SerDesinterfacesto connect to the external signal interface.
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These communication interfaces alow the cores to execute the data processing code and be

High Speed System Interface

relieved from the data transfer and handling overhead for processing serial data flow.

Figure 1-3 shows a block diagram of the HSSI.

QUICC Engine Subsystem

HSSI to MBus Bridge

HSSI OCNDMAO OCNDMA1
OCN to MBus| |DMA to OCN| |OCN to MBus| [DMA to OCN
Bridge Bridge Bridge Bridge
v v v v
v
Port 2 Port 3 Port 6 Port 7
OCN Fabric
Port 1 Port O Port 4 Port 5
A ¢
PCI Express
to OCN Bridge
A 4 ¢
| Rmu || srioo |y srio1 | | PCIExpress|
A
A\ A 4 \ 4 i A 4 I
SerDes 1 | PHY1 SerDes 2 | PHY2 |

v

Serial RapidlO x4 Interface at 3.125 Gbaud

or two SGMII

or PCI-Express

Figure 1-3. HSSI Block Diagram

1.10.1 Serial RapidlO Subsystem

v

Rapidl O is a high-performance, point-to-point, low-pin-count, packet-switched system-level

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

walsAsgns 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 MSC8251
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 SC8251 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 MSC8251, and the processed packets are transported from the MSC8251 back to the

host.
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1.10.1.1 Serial RapidlO and Host Interactions

The Serial RapidlO controller directsthe traffic flow between a host processor and the M SC8251
device through the RMU. The host and the MSC8251 communicate as follows:

The host may send messages to the destination MSC8251 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 MSC8251 and the
MSC8251 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 MSC8251 memory for both reads and writes.
It handshakes with the software running on a DSP core through aring of descriptorsin
MSC8251 memory.

The host may access the datain MSC8251 memory for both reads and writes, but instead
of maintaining aring of descriptors in the MSC8251 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 MSC8251 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.

1.10.1.2 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.

1.10.2 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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1.10.3 OCN-DMA Controllers

The MSC8251 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.

1.10.4 OCN Fabric

The On-Chip Network (OCN) fabric is a non-blocking high speed interconnect used for
embedded system devices. The MSC8251 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.

1.10.5 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.

1.10.6 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.

MSC8251 Reference Manual, Rev. 1

Freescale Semiconductor 1-25



1.11 QUICC Engine Subsystem

The MSC8251 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 MSC8251 QUICC Engine module block diagram.

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

Figure 1-4. QUICC Engine Module Block Diagram

1.11.1 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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1.11.2 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.

1.12 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.

1.13 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.

1.14 U