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TMS320DM816x DaVinci™ Digital Media Processors

1 Device Overview

1.1 Features

» High-Performance DaVinci Digital Media .
Processors
— ARM® Cortex™-A8 RISC Processor
e Upto1.20 GHz .
— C674x™ VLIW DSP
e UptolGHz *
» Up to 8000 MIPS and 6000 MFLOPS
» Fully Software-Compatible with C67x+ and *
C64x+™

* ARM Cortex-A8 Core
— ARMvV7 Architecture

e In-Order, Dual-Issue, Superscalar Processor *
Core

« NEON™ Multimedia Architecture

— Supports Integer and Floating Point (VFPv3-
IEEE754 Compliant)

« Jazelle® RCT Execution Environment
* ARM Cortex-A8 Memory Architecture
— 32-KB Instruction and Data Caches

— 256-KB L2 Cache y
— 64-KB RAM, 48-KB of Boot ROM
* TMS320C674x Floating-Point VLIW DSP °

— 64 General-Purpose Registers (32-Bit)
— Six ALU (32-Bit and 40-Bit) Functional Units
e Supports 32-Bit Integer, SP (IEEE Single
Precision, 32-Bit) and DP (IEEE Double
Precision, 64-Bit) Floating Point
e Supports up to Four SP Adds Per Clock and
Four DP Adds Every Two Clocks

e Supports up to Two Floating-Point (SP or
DP) Approximate Reciprocal or Square Root
Operations Per Cycle

— Two Multiply Functional Units
e Mixed-Precision IEEE Floating-Point Multiply .
Supported up to:
2 SP x SP — SP Per Clock
2 SP x SP — DP Every Two Clocks
2 SP x DP — DP Every Three Clocks
2 DP x DP — DP Every Four Clocks
* Fixed-Point Multiply Supports Two 32 x 32
Multiplies, Four 16 x 16-Bit Multiplies
Including Complex Multiplies, or Eight 8 x 8-
Bit Multiplies per Clock Cycle
e C674x Two-Level Memory Architecture
— 32-KB L1P and L1D RAM and Cache
— 256-KB L2 Unified Mapped RAM and Caches

System Memory Management Unit (System MMU)

— Maps C674x DSP and EMDA TCB Memory
Accesses to System Addresses

512KB of On-Chip Memaory Controller (OCMC)
RAM

Media Controller
— Manages HDVPSS and HDVICP2 Modules

Up to Three Programmable High-Definition Video
Image Coprocessing (HDVICP2) Engines

— Encode, Decode, Transcode Operations
— H.264, MPEG-2, VC-1, MPEG-4 SP and ASP

SGX530 3D Graphics Engine (Available Only on
the DM8168 Device)

— Delivers up to 30 MTriangles per Second
Universal Scalable Shader Engine

Direct3D® Mobile, OpenGL® ES 1.1 and 2.0,
OpenVG™ 1.1, OpenMax™ API Support

Advanced Geometry DMA Driven Operation

— Programmable HQ Image Anti-Aliasing
Endianness

— ARM, DSP Instructions and Data — Little Endian
HD Video Processing Subsystem (HDVPSS)

— Two 165-MHz HD Video Capture Channels

* One 16-Bit or 24-Bit and One 16-Bit Channel

» Each Channel Splittable Into Dual 8-Bit
Capture Channels

— Two 165-MHz HD Video Display Channels

* One 16-Bit, 24-Bit, 30-Bit Channel and One
16-Bit Channel

— Simultaneous SD and HD Analog Output

— Digital HDMI 1.3 Transmitter with PHY with
HDCP up to 165-MHz Pixel Clock

— Three Graphics Layers

Dual 32-Bit DDR2 and DDR3 SDRAM Interfaces

Supports up to DDR2-800 and DDR3-1600

Up to Eight x8 Devices Total

2GB of Total Address Space

Dynamic Memory Manager (DMM)

* Programmable Multi-Zone Memory Mapping
and Interleaving

» Enables Efficient 2D Block Accesses

» Supports Tiled Objects in 0°, 90°, 180°, or
270° Orientation and Mirroring

* Optimizes Interlaced Accesses

One PCI Express® (PCle) 2.0 Port with Integrated
PHY

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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— Single Port with 1 or 2 Lanes at 5.0 GT per
Second

— Configurable as Root Complex or Endpoint

» Serial ATA (SATA) 3.0 Gbps Controller with
Integrated PHYs

— Direct Interface for Two Hard Disk Drives

— Hardware-Assisted Native Command Queuing
(NCQ) from up to 32 Entries
— Supports Port Multiplier and Command-Based
Switching
e Two 10 Mbps, 100 Mbps, and 1000 Mbps Ethernet
MACs (EMAC)
— |EEE 802.3 Compliant (3.3-V I/O Only)
— MIl and GMII Media Independent Interfaces
— Management Data 1/0 (MDIO) Module
» Dual USB 2.0 Ports with Integrated PHYs
— USB 2.0 High-Speed and Full-Speed Client
— USB 2.0 High-Speed, Full-Speed, and Low-
Speed Host
— Supports Endpoints 0-15
e General-Purpose Memory Controller (GPMC)
— 8-Bit and 16-Bit Multiplexed Address and Data
Bus
— Up to 6 Chip Selects with up to 256-MB Address
Space per Chip Select Pin
— Glueless Interface to NOR Flash, NAND Flash
(with BCH and Hamming Error Code Detection),
SRAM and Pseudo-SRAM
— Error Locator Module (ELM) Outside of GPMC
to Provide up to 16-Bit and 512-Byte Hardware
ECC for NAND
— Flexible Asynchronous Protocol Control for
Interface to FPGA, CPLD, ASICs
» Enhanced Direct-Memory-Access (EDMA)
Controller
— Four Transfer Controllers
— 64 Independent DMA Channels and 8 Quick

DMA (QDMA) Channels
Seven 32-Bit General-Purpose Timers
One System Watchdog Timer
Three Configurable UART, IrDA, and CIR Modules
— UARTO with Modem Control Signals
— Supports up to 3.6864 Mbps UART
— SIR, MIR, FIR (4.0 MBAUD), and CIR

One 40-MHz Serial Peripheral Interface (SPI) with
Four Chip Selects

SD and SDIO Serial Interface (1-Bit and 4-Bit)

Dual Inter-Integrated Circuit ( 1°C bus®) Ports

Three Multichannel Audio Serial Ports (McASPS)

— One Six-Serializer Transmit and Receive Port

— Two Dual-Serializer Transmit and Receive Ports

— DIT-Capable For SDIF and PDIF (All Ports)

Multichannel Buffered Serial Port (McBSP)

— Transmit and Receive Clocks up to 48 MHz

— Two Clock Zones and Two Serial Data Pins

— Supports TDM, 12S, and Similar Formats

Real-Time Clock (RTC)

— One-Time or Periodic Interrupt Generation

Up to 64 General-Purpose 1/0 (GPIO) Pins

On-Chip ARM ROM Bootloader (RBL)

Power, Reset, and Clock Management

— SmartReflex™ Technology (Level 2)

— Seven Independent Core Power Domains

— Clock Enable and Disable Control For
Subsystems and Peripherals

IEEE 1149.1 (JTAG) and |IEEE 1149.7 (cJTAG)

Compatible

Via Channel™ Technology Enables use of

0.8-mm Design Rules

40-nm CMOS Technology

3.3-V Single-Ended LVCMOS 1/Os (Except for

DDR3 at 1.5V, DDR2 at 1.8 V, and DEV_CLKIN

at1.8V)

2 Device Overview
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1.2 Applications
* Video Encode, Decode, Transcode, and Transrate * Video Infrastructure
* Video Security * Media Server

» Video Conferencing

1.3

Digital Signage

Description

The DM816x DaVinci video processors are a highly integrated, programmable platform that leverages Tl's
DaVinci technology to meet the processing needs of the following applications: video encode, decode,
transcode, and transrate; video security; video conferencing; video infrastructure; media server; and digital
sighage.

The device enables original-equipment manufacturers (OEMs) and original-design manufacturers (ODMs)
to quickly bring to market devices featuring robust operating systems support, rich user interfaces, and
high processing performance through the maximum flexibility of a fully integrated mixed processor
solution. The device combines programmable video and audio processing with a highly integrated
peripheral set.

Key to the device are up to three high-definition video and imaging coprocessors (HDVICP2). Each
coprocessor can perform a single 1080p60 H.264 encode or decode or multiple lower resolution or frame
rate encodes and decodes. Multichannel HD-to-HD or HD-to-SD transcoding and multicoding are also
possible. With the ability to simultaneously process 1080p60 streams, the TMS320DM816x device is a
powerful solution for today's demanding HD video application requirements.

Programmability is provided by an ARM Cortex-A8 RISC CPU with NEON extension, TI C674x VLIW
floating-point DSP core, and high-definition video and imaging coprocessors. The ARM processor lets
developers keep control functions separate from audio and video algorithms programmed on the DSP and
coprocessors, thus reducing the complexity of the system software. The ARM Cortex-A8 32-bit RISC
processor with NEON floating-point extension includes: 32KB of instruction cache; 32KB of data cache;
256KB of L2 cache; 48KB of public ROM, and 64KB of RAM.

The rich peripheral set provides the ability to control external peripheral devices and communicate with
external processors. For details on each peripheral, see the related sections in this document and the
associated peripheral reference guides. The peripheral set includes: HD video processing subsystem
(HDVPSS), which provides output of simultaneous HD and SD analog video and dual HD video inputs; up
to two Gigabit Ethernet MACs (10 Mbps,100, Mbps, 1000 Mbps) with GMII and MDIO interface; two USB
ports with integrated 2.0 PHY; PCle port x2 lanes GEN2 compliant interface, which allows the device to
act as a PCle root complex or device endpoint; one 6-channel MCASP audio serial port (with DIT mode);
two dual-channel McASP audio serial ports (with DIT mode); one McBSP multichannel buffered serial port;
three UARTs with IrDA and CIR support; SPI serial interface; SD and SDIO serial interface; two 1°C
master and slave interfaces; up to 64 GPIO pins; seven 32-bit timers; system watchdog timer; dual DDR2
and DDR3 SDRAM interface; flexible 8-bit and 16-bit asynchronous memory interface; and up to two
SATA interfaces for external storage on two disk drives or more with the use of a port multiplier.

The device also includes an SGX530 3D graphics engine (available only on the TMS320DM8168 device)
to enable sophisticated GUIs and compelling user interfaces and interactions. Additionally, the device has
a complete set of development tools for both the ARM and DSP, including C compilers, a DSP assembly
optimizer to simplify programming and scheduling, and a Microsoft® Windows® debugger interface for
visibility into source code execution.

The C674x DSP core is the high-performance floating-point DSP generation in the TMS320C6000™ DSP
platform. The C674x floating-point DSP processor uses 32KB of L1 program memory and 32KB of L1 data
memory. Up to 32KB of L1P can be configured as program cache. The remaining is nhoncacheable no-
wait-state program memory. Up to 32KB of L1D can be configured as data cache. The remaining is
noncacheable no-wait-state data memory. The DSP has 256KB of L2 RAM, which can be defined as
SRAM, L2 cache, or a combination of both. All C674x L3 and off-chip memory accesses are routed
through a system MMU.

Copyright © 2011-2015, Texas Instruments Incorporated Device Overview 3
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The device package has been specially engineered with Via Channel technology. This technology allows
use of 0.8-mm pitch PCB feature sizes in this 0.65-mm pitch package, and substantially reduces PCB
costs. Via Channel technology also allows PCB routing in only two signal layers due to the increased layer
efficiency of the Via Channel BGA technology.

Device Information

PART NUMBER PACKAGE BODY SIZE
TMS320DM8168CYG FCBGA (1031) 25.0 mm x 25.0 mm
TMS320DM8167CYG FCBGA (1031) 25.0 mm x 25.0 mm
TMS320DM8165CYG FCBGA (1031) 25.0 mm x 25.0 mm
4 Device Overview Copyright © 2011-2015, Texas Instruments Incorporated
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1.4 Functional Block Diagram

Figure 1-1 shows the functional block diagram of the device.

ARM Subsystem 2 DSP Subsystem [ 1 HD Video Processing
2 P Subsystem (HDVPSS)
Cortex™-A8 ‘ ’NEON S s C674x S 460 C
CPU EPU LE é DSP CPU g E _ ’ Video Capture ‘
’ 32KB ‘ ’ 32KB ‘ 8 a I0KB 30KE 9 g % ’ Display Processing ‘
I-Cache D-Cache < 5 ’ L1 Pgm ‘ L1 Data ‘ T 0 =
@ i - L S HD OSD SD 0SD
o = ()
| 256KBL2Cache | 0 5 ’ 750K L2 Cacre ‘ 5p o | || |
’ Boot ROM ‘ ’ RAM ‘ 81| 3l |2 [[rovenc ][ spvenc]
48KB 64KB o N © O
§ 5 ’ AET | Q9 [ HD DACs | [ sD DACs |
ICECrusher™ o> &
Software 8 System MMU ] £3 HDMI Xmt

System Interconnect

1I 1I

System Control Peripherals
Serial Interfaces Program and Data Storage DMA Connectivity
—
Real-Time
PRCM McASP DDR2 and DDR3 GPMC EMAC
Clock 3) McBSP 32-bit and EDMA GMIl and MIl MDIO
GPTI (2) ELM (Upto2)
imer
JTAG
(7) SPI '(22? SATA SD and USB 2.0 PCle 2.0
3 Gbps SD?S Ctrl and PHY | | (One Port,
Watchdog () () X2 Lanes)
Timer UART
@)

A. SGX530 is available only on the TMS320DM8168 devices.
B. Three HD video image coprocessors (HDVICP2) are available on the TMS320DM8168 and TMS320DM8167 devices;
two (HDVICP2-0 and HDVICP2-1) are available on the TMS320DM8165 devices.

Figure 1-1. TMS320DM816x Device Functional Block Diagram
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2 Revision History
NOTE: Page numbers for previous revisions may differ from page numbers in the current version.
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3 Device Comparison

There are variations in the availability of some functions of the TMS320DM816x devices. A comparison of
the devices, highlighting the differences, is shown in Table 3-1. For more detailed information on the
significant device features, see Section 3.1, Device Characteristics.

Table 3-1. Device Comparison

DEVICES
FEATURES
TMS320DM8168 TMS320DM8167 TMS320DM8165
HDVICP2 3 3 2
SGX530 Y N N
8 Device Comparison Copyright © 2011-2015, Texas Instruments Incorporated
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3.1 Device Characteristics

Table 3-2 provides an overview of the significant features of the TMS320DM816x devices, including the
capacity of on-chip RAM, peripherals, and the package type with pin count.

Table 3-2. Characteristics of the Processor

HARDWARE FEATURES

DM8168, DM6187, and DM6185

Peripherals

Not all peripherals pins are

more detail, see Section 6,
Device Configurations).

available at the same time (for

HD Video Processing Subsystem (HDVPSS)

1 16-bit and 24-bit HD Capture Channel or

2 8-bit SD Capture Channels

and
1 16-bit HD Capture Channel or

2 8-bit SD Capture Channels

and
1 16-bit, 24-bit, and 32-bit HD Display Channel

and

1 16-bit HD Display Channel
and

3 HD and 4 SD Video DACs
and

1 HDMI 1.3 Transmitter

DDR2 and DDR3 Memory Controller

2 (32-bit Bus Widths)

GPMC and ELM

Asynchronous (8-bit and 16-bit bus width) RAM, NOR,
NAND

EDMA

64 Independent Channels
8 QDMA Channels

10 Mbps, 100 Mbps, and 1000 Mbps Ethernet
MAC with Management Data Input and Output
(MDIO)

2 (with MIl and GMII Interface)

USB 2.0

2 (Supports High-Speed and Full-Speed as a Device
and High-Speed, Full-Speed, and Low-Speed as a
Host)

PCI Express 2.0

1 Port (2 5.0GT per second lanes)

7 (32-bit General Purpose)

On-Chip Memory

Organization

Timers and

1 (Watchdog)

3 (with SIR, MIR, CIR support and RTS and CTS flow
UART control)
(UARTO Supports Modem Interface)
SPI 1 (Supports 4 slave devices)
SD and SDIO 1 (1-bit or 4-bit)
12C 2 (Master or Slave)
MCASP 3 (1 Six-Serializer and 2 Dual Serializers, Each with
Transmit and Receive and DIT Capability)
McBSP 1 (2 Data Pins, Transmit and Receive)
Serial ATA (SATA) Supports 2 Interfaces
RTC 1
GPIO Up to 64 pins
ARM
32KB I-cache

32KB D-cache
256KB L2 Cache
64KB RAM
48KB Boot ROM

DSP
32KB L1 Program (L1P) and Cache (up to 32KB)
32KB L1 Data (L1D) and Cache (up to 32KB)
256KB Unified Mapped RAM and Cache (L2)

MEDIA CONTROLLER
32KB Shared L1 Cache
256KB L2 RAM

Copyright © 2011-2015, Texas Instruments Incorporated
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Table 3-2. Characteristics of the Processor (continued)

HARDWARE FEATURES

DM8168, DM6187, and DM6185

ADDITIONAL SHARED MEMORY
512KB On-chip RAM

CPU ID + CPU Rev ID

Control Status Register (CSR.[31:16])

0x1003

C674x Megamodule Revision

Revision ID Register (MM_REVID[15:0])

0x0000

JTAG BSDL_ID

JTAGID Register

0x2B81 EO2F

CPU Frequency® MHz

ARM Cortex-A8: 930 MHz
Blank
DSP: 750 MHz
) ARM Cortex-A8: 1100 MHz
DSP: 930 MHz
4 ARM Cortex-A8: 1200 MHz
DSP: 1000 MHz

Core Logic (V)

1.0 V with Required AVS Capability

or Production Data (PD)

USB Logic (V) 09V
Voltage

RAM (V) 10V

10 (V) 15Vv,18V,33V
Package 25 x 25 mm 1031-Pin BGA (CYG)
Process Technology um 0.04 um

Product Preview (PP),
Product Status® Advance Information (Al), PD

(1) For more information on the available device speed ranges for each part number, see Table 10-1.
(2) PRODUCTION DATA information is current as of publication date. Products conform to specifications per the terms of Texas
Instruments standard warranty. Production processing does not necessarily include testing of all parameters.

3.2 ARM Subsystem

The ARM subsystem is designed to give the ARM Cortex-A8 master control of the device. In general, the
ARM Cortex-A8 is responsible for configuration and control of the various subsystem, peripherals, and

external memories.

The ARM subsystem includes the following features:

* ARM Cortex-A8 RISC processor:

—  ARMV7 ISA plus Thumb®-2, Jazelle-X, and media extensions

— NEON floating-point unit

— Enhanced memory management unit (MMU)

— Little Endian

— 32KB L1 instruction cache
— 32KB L1 data cache

— 256KB L2 cache

» Foresight embedded trace module (ETM)
e ARM Cortex-A8 interrupt controller (AINTC)

e 64KB internal RAM
e 48KB internal public ROM.
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Figure 3-1. ARM Cortex-A8 Subsystem Block Diagram

3.2.1 ARM Cortex-A8 RISC Processor

The ARM Cortex-A8 subsystem integrates the ARM Cortex-A8 processor. The ARM Cortex-A8 processor
is a member of ARM Cortex family of general-purpose processors. This processor is targeted at multi-
tasking applications where full memory management, high performance, low die size, and low power are
all important. The ARM Cortex-A8 processor supports the ARM debug architecture and includes logic to
assist in both hardware and software debug. The ARM Cortex-A8 processor has a Harvard architecture
and provides a complete high-performance subsystem, including:

3.2.2
To

ARM Cortex-A8 integer core

Superscalar ARMv7 instruction set

Thumb-2 instruction set

Jazelle RCT acceleration

CP14 debug coprocessor

CP15 system control coprocessor

NEON 64-bit and 128-bit hybrid SIMD engine for multimedia
Enhanced memory management unit (MMU)

Separate level-1 instruction and data caches

Integrated level-2 cache

128-bit interconnect to system memories and peripherals
Embedded trace module (ETM).

Embedded Trace Module (ETM)

support real-time trace, the ARM Cortex-A8 processor provides an interface to enable connection of an

embedded trace module (ETM). The ETM consists of two parts:

The Trace port provides real-time trace capability for the ARM Cortex-A8.

Triggering facilities provide trigger resources, which include address and data comparators, counter,

and sequencers.

The ARM Cortex-A8 trace port is connected to the system-level embedded trace buffer (ETB). The ETB
has a 32KB buffer memory. ETB enabled debug tools are required to read and interpret the captured trace
data.

For more details on the ETB, see Section 9.4.2.
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3.2.3 ARM Cortex-A8 Interrupt Controller (AINTC)

The ARM Cortex-A8 subsystem contains an interrupt controller (AINTC) that prioritizes all service requests
from the system peripherals and generates either IRQ or FIQ to the ARM Cortex-A8 processor. For more
details on the AINTC, see Section 8.4.

3.2.4 System Interconnect

The ARM Cortex-A8 processor in connected through the arbiter to both an L3 interconnect port and a
DMM port. The DMM port is 128-bits wide and provides the ARM Cortex-A8 direct access to the DDR
memories, while the L3 interconnect port is 64-bits wide and provides access to the remaining device
modules.

12 Device Comparison Copyright © 2011-2015, Texas Instruments Incorporated
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3.3

DSP Subsystem

The DSP Subsystem includes the following features:

C674x DSP CPU
32KB L1 Program (L1P) and Cache (up to 32KB) with Error Detection Code (EDC)
32KB L1 Data (L1D) and Cache (up to 32KB)
256KB L2 Unified Mapped RAM and Cache with Error Correction Code (ECC)

Direct Connection to the HDVICP2 Host SL2 Port for HDVICP2-0 and HDVICP2-1
Little endian

32

v

and Cache

Switch Fabric

32K Bytes
L1P RAM 256K Bytes HDVICP2 Host
L2 RAM
and Cache with ECC SL2 Port
with EDC
r 3 r 3 r 3
256 256 256
v v v
256
Cache Control < = Cache Control
Memory Protect L1P P Memory Protect L2
Bandwidth Mgmt = m—— Bandwidth Mgmt
256 256 1
v
Power Down
Instruction Fetch 256 256
Interrupt
Controller
C674x+ CPU —
Lo |
Register Register
File A File B 256
r r
E 64 E 64
A A v v
Bandwidth Mgmt . ! CFG
) EMC
Memory Protect L1D |e <
Cache Control « >
MDMA SDMA
I Y Y Y Y YV WY r 3
8x32 128 128
A\AAAAAAAI v A
32K Bytes High-
L1D RAM Performance

Figure 3-2. C674x Megamodule Block Diagram

Peripherals
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3.3.1 C674x DSP CPU Description

The C674x central processing unit (CPU) consists of eight functional units, two register files, and two data
paths as shown in Figure 3-3. The two general-purpose register files (A and B) each contain 32 32-bit
registers for a total of 64 registers. The general-purpose registers can be used for data or can be data
address pointers. The data types supported include packed 8-bit data, packed 16-bit data, 32-bit data, 40-
bit data, and 64-bit data. Values larger than 32 bits, such as 40-bit-long or 64-bit-long values are stored in
register pairs, with the 32 LSBs of data placed in an even register and the remaining 8 or 32 MSBs in the
next upper register (which is always an odd-numbered register).

The eight functional units (.M1, .L1, .D1, .S1, .M2, .L2, .D2, and .S2) are each capable of executing one
instruction every clock cycle. The .M functional units perform all multiply operations. The .S and .L units
perform a general set of arithmetic, logical, and branch functions. The .D units primarily load data from
memory to the register file and store results from the register file into memory.

The C674x CPU combines the performance of the C64x+ core with the floating-point capabilities of the
C67x+ core.

Each C674x .M unit can perform one of the following each clock cycle: one 32 x 32 bit multiply, one 16 x
32 bit multiply, two 16 x 16 bit multiplies, two 16 x 32 bit multiplies, two 16 x 16 bit multiplies with add and
subtract capabilities, four 8 x 8 bit multiplies, four 8 x 8 bit multiplies with add operations, and four 16 x 16
multiplies with add and subtract capabilities (including a complex multiply). There is also support for Galois
field multiplication for 8-bit and 32-bit data. Many communications algorithms such as FFTs and modems
require complex multiplication. The complex multiply (CMPY) instruction takes for 16-bit inputs and
produces a 32-bit real and a 32-bit imaginary output. There are also complex multiplies with rounding
capability that produces one 32-bit packed output that contain 16-bit real and 16-bit imaginary values. The
32 x 32 bit multiply instructions provide the extended precision necessary for high-precision algorithms on
a variety of signed and unsigned 32-bit data types.

The .L or (Arithmetic Logic Unit) now incorporates the ability to do parallel add and subtract operations on
a pair of common inputs. Versions of this instruction exist to work on 32-bit data or on pairs of 16-bit data
performing dual 16-bit add and subtracts in parallel. There are also saturated forms of these instructions.

The C674x core enhances the .S unit in several ways. On the previous cores, dual 16-bit MIN2 and MAX2
comparisons were only available on the .L units. On the C674x core they are also available on the .S unit
which increases the performance of algorithms that do searching and sorting. Finally, to increase data
packing and unpacking throughput, the .S unit allows sustained high performance for the quad 8-bit and
16-bit and dual 16-bit instructions. Unpack instructions prepare 8-bit data for parallel 16-bit operations.
Pack instructions return parallel results to output precision including saturation support.

Other new features include:

» SPLOOP - A small instruction buffer in the CPU that aids in creation of software pipelining loops where
multiple iterations of a loop are executed in parallel. The SPLOOP buffer reduces the code size
associated with software pipelining. Furthermore, loops in the SPLOOP buffer are fully interruptible.

» Compact Instructions - The native instruction size for the C6000 devices is 32 bits. Many common
instructions such as MPY, AND, OR, ADD, and SUB can be expressed as 16 bits if the C674x
compiler can restrict the code to use certain registers in the register file. This compression is
performed by the code generation tools.

* Instruction Set Enhancement - As noted above, there are new instructions such as 32-bit
multiplications, complex multiplications, packing, sorting, bit manipulation, and 32-bit Galois field
multiplication.

» Exceptions Handling - Intended to aid the programmer in isolating bugs. The C674x CPU is able to
detect and respond to exceptions, both from internally detected sources (such as illegal op-codes) and
from system events (such as a watchdog time expiration).

» Privilege - Defines user and supervisor modes of operation, allowing the operating system to give a
basic level of protection to sensitive resources. Local memory is divided into multiple pages, each with
read, write, and execute permissions.

14
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» Time-Stamp Counter - Primarily targeted for Real-Time Operating System (RTOS) robustness, a free-
running time-stamp counter is implemented in the CPU which is not sensitive to system stalls.

For more details on the C674x CPU and its enhancements over the C64x architecture, see the following
documents:

» TMS320C674x DSP CPU and Instruction Set User's Guide (literature number SPRUFES)

» TMS320C674x DSP Megamodule Reference Guide (literature number SPRUFKS5)
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A. .M unit, dst2 is 32 MSB.
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C. On C64x CPU .M unit, src2 is 32 bits; on C64x+ CPU .M unit, src2 is 64 bits.

D. On .L and .S units, odd dst connects to odd register files and even dst connects to even register files

Figure 3-3. TMS320C674x CPU (DSP Core) Data Paths
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3.3.2 System Memory Management Unit (System MMU)

All C674x DSP accesses through the MDMA port are directed through the system memory management
unit (System MMU) module where they are remapped to physical system addresses. This protects the
ARM Cortex-A8 memory regions from accidental corruption by C674x code and allows for direct allocation
of buffers in user space without the need for translation between ARM and DSP applications.

In addition, accesses by the EDMA TCO may optionally be routed through the System MMU. This allows
EDMA Channel 0 to be used by the DSP to perform transfers using only the known virtual addresses of

the associated buffers. The MMU_CFG register in the Control Module is used to enable and disable use of

the DSP EDMA MMU by the EDMA TC.

For details on the System MMU features and registers, see the System MMU chapter of the
TMS320DM816x DaVinci Digital Media Processors Technical Reference Manual (literature number

SPRUGXS8).

3.3.2.1 System MMU Registers

Table 3-3 lists the System MMU registers.

Table 3-3. System MMU Registers Summary

HEX ADDRESS ACRONYM REGISTER NAME
0x4801 0000h MMU_REVISION Revision

0x4801 0010h MMU_SYSCONFIG Configuration
0x4801 0014h MMU_SYSSTATUS Status

0x4801 0018h MMU_IRQSTATUS IRQ Status
0x4801 001Ch MMU_IRQENABLE IRQ Enable

0x4801 0040h

MMU_WALKING_ST

Table Walking Logic

0x4801 0044h MMU_CNTL Control
0x4801 0048h MMU_FAULT_AD Fault Address
0x4801 004Ch MMU_TTB Translation Table Base Address
0x4801 0050h MMU_LOCK Lock

0x4801 0054h MMU_LD_TLB Load

0x4801 0058h MMU_CAM CAM

0x4801 005Ch MMU_RAM RAM

0x4801 0060h MMU_GFLUSH Global Flush
0x4801 0064h MMU_FLUSH_ENTRY Flush Entry
0x4801 0068h MMU_READ_CAM Read CAM
0x4801 006Ch MMU_READ_RAM Read RAM

0x4801 0070h

MMU_EMU_FAULT_AD

EMU Fault Address

0x4801 0080h

MMU_FAULT_PC

Fault Program Counter
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3.4 Media Controller

The Media Controller has the responsibility of managing the HDVPSS and HDVICP2 modules.

3.5 High-Definition Video Image Coprocessor 2 (HDVICP2)
The HDVICP2 is a video encoder and decoder hardware accelerator supporting a range of encode and
decode operations at up to 1080p60 for most major video codec standards. Transcode operations are also
supported. The main video codec standards supported in hardware are MPEG1, MPEG2 and MPEG4
ASP and SP, H.264 BL, MP, and HP, VC-1 SP, MP, and AP, RV9 and RV10, AVS-1.0, and ON2 VP6.2
and VP7. The HDVICP2 hardware accelerator is composed of the following elements:
* Motion estimation acceleration engine
* Loop filter acceleration engine
» Two RISC processors and associated memory used for algorithmic decision making and control
* Intra-prediction estimation engine
» Calculation engine
* Motion compensation engine
» Entropy coder and decoder
* Video DMA
* Synchronization boxes
e Shared L2 controller
» Local interconnect.

3.6 Inter-Processor Communication
This device is a multi-core device that requires software to efficiently manage and communicate between
the cores. The following are the main features that need to be implemented by such software:
1. Device management of the slave processors from the host processor.
2. Inter-processor communication between the cores for transfer and exchange of information between

them.

On this device, the host processor is usually the ARM Cortex-A8. This processor is responsible for
bootloading the slave processors (C674x). Bootloading includes power management of the slaves
(powerup and powerdown and other power management), reset control (reset and release of the slave
processor) and setting the entry point of the slave executable into the appropriate register. This device has
a power-on reset (POR) and warm reset. For the POR reset, the ARM Cortex-A8 is taken out of reset and
it boots from its boot ROM. Once booted, the ARM Cortex-A8 bootloads the C674x processor.
For implementing efficient inter-processor communication between the multiple cores on the device, the
following hardware features are provided:
e Mailbox interrupts
e Hardware spinlocks
Mailboxes provide a mechanism for one processor to write a value to a register and send an interrupt to
another processor. Spinlocks facilitate access to shared resources in the system.

3.6.1 Mailbox Module
The device Mailbox module facilitates communication between the ARM Cortex-A8, C674x DSP, and the
Media Controller. It consists of twelve mailboxes, each supporting communication between two of the
above processors. The sender sends information to the receiver by writing a message to the mailbox
registers. Interrupt signaling is used to notify the receiver that a message has been queued or to notify the
sender about an overflow situation.
The Mailbox module supports the following features (see Figure 3-4):
* 12 mailboxes
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