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Unlock the possibilities

with TI's complete solutions across the board

The Real World

Data Wireless
Converter Connectivity
Power Embedded
Management Processing
Data Clocks & :
convener :
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Unlock the possibilities

by doing more with TI’s analog and embedded

processing technologies

Broad and deep product portfolio

Embedded processors + full signal chain + power
Analog integrated circuits

DLP®; revolutionary digital display chip

OMAP processors and wireless connectivity solutions
product lines focusing on embedded markets

More than 100,000 products; 900 new
products per year

New acquisitions, more capacity

Systems expertise and technical support
Engineer-to-engineer community engagement
> 130 sales offices

> 60 design centers worldwide

Integrated solutions, custom products, catalog products

Wireless
Connectivity

Power
Management

S
-+

Extensive global network of sales and applications engineers
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Unlock the possibilities

through TI's history of innovation

Innovation in signal processing has been the technology thread for

nearly 90 years.

4B 1930s 77 N 19508 8 p ™\ 1970s / TN\ 1990s 7 A 2010s
| [ Revolutionizes ‘ 4 | Inverts the Applies signal Creates first apps (ot Ineusty’s
Yl ol sploration L integrated processing to OMAP?)) |processar for first 300mm
hy measuring 3 74 Circuit ronsumer e, o mutti-media cell analog warer
refacted signals Froducts phones ) fab
! O — . i
S S S S

T T T

3@\ 1940s 0\ 1960s 1980s
Vj 4 | applies signal Inverts the DSP Introduces
1. | measurement | handheld single-chip
h el o magnetic calculator & digital signal
/) anomaly N processor

detection

\IJ

2000s

Introduces world's
fastest analogto-digital
canverter and
lowest-power DC-DG
converter
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Unlock the possibilities
through increasing focus on analog &
embedded processing

« High-volurme Analog & Logic
- PowerManagement

+ High-Performance Analog

« Silicon Valley Analog

I $7.2 Analog

+ Processors
+ Microcontrollers
+  Connectivity

I $2.4 Embedded Processing

DLP® Products
« Custom ASIC
¢ Calculators

« Royalties
$ 122 - TOtaI Revenue * Legacy Wireless Products

(in billions of dollars)

I $2.6 Other

i3 TEXAS INSTRUMENTS

Unlock the possibilities

by capitalizing on its continued growth

Kilby Labs open Luminary acquisition Aizu, Japan fab
acquisition
CICLON acquisition Solar Lab open Open first
Commergy fab in China
acquisition Opened Clark LED Lab open Kilby Labs Open first Silicon Valley
assembly and India open Product Distribution labs open
test facility Second China Center in China
design center
open
C C O O O
2008 Motor control 2009 Motor 201 Motor drive 201 National 2012 2013
Product line E-bike Lab |RFAB product line Semiconductor
formed product line opens | open formed Acquisition
Innovative formed
Design Silicon mic LED lighting First MCU
Solutions Product line product line design
acquisition formed formed center

in China
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Unlock the possibilities
through TI’'s commitment to innovation

Nearly $9B invested over the last five years*

Product R&D Labs Manufacturing

University and
development

technology industry

*Cumulative 2009, 2010, 2011, 2012, 2013
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Unlock the possibilities

with analog & embedded processors in every
electronic product in the world

INDUSTRIAL TRANSPORTATION &
AUTOMOTIVE

Processing 2

Hybrid Railway
electric vehicles systems

s
MENTS

=;' - 7/:

Drives & Human Rob.otics
motion machine Aviation Infotainment
control interface
COMPUTING & RENEWABLE
COMMUNICATIONS ENERGY & SMART GRID HEALTH & FITNESS

I High-performance
computing
1gy ., ol SO &

Smart building  Solarand ~ Power line :ortable o V\'I_:reless Bloo';liopr:‘?grsure
Thin  Mobile Base Portable mobile controls ~ wind power communication  Ufrasoun molrEi)srisn I
client devices station  computing inverters 9
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Unlock the possibilities

through analog & embedded processors at work

in the real world

Gather analog
information from
the real world

Convert

Process

Relay processed
information back
to the real world

Convert

+ Temperature ADC . gmbedd:?‘ DAC 4 Such as...
rocess

* Pressure + Real-time braking systems
« Position « Vibrant digital images
« Speed XpTeas T AR - Precise efficient motors
« Flow « Etc.
* Humidity Analog-to-digital Embedded processor Digital-to-analog
+ Sound converter gathers compresses, converter
« Light information while processes and refines processes and
. Etc also managing the signals to produce “decodes” again

i power and battery the crisp, clear for the real world.

levels. sharpness we expect in

today’s
top-of-the-line
technology products.
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Unlock the possibilities

with analog & embedded processors that enable
better electronics

SAFER

Cars that brake automatically

~ ' when a car gets too close to
<

the one in front

SMARTER 4
E-books for the blind
thanks to screens

with tactile feedback

GREENER 77 Q
Solar panel optimizers ==& ‘7
squeeze more power At

from sunlight

HEALTHIER

Portable devices that
monitor vital signs and
send details to doctor
via smartphone

MORE FUN

Tl technology
changes the way we
live, work and play.
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Unlock the possibilities

with its quality process, manufacturing
and supply chain

BT
Management
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Unlock the possibilities

with a local partner worldwide

.b..
B b (i g
% ."'...,'. 1 -’."
] & [¢) ..:
.:. ... o ‘

. manufacturing sites |
i
i

* TI headquarters

i
i
i
i

Tl has manufacturing, design or sales in more than 35 countries,
serving more than 100K customers worldwide
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Unlock the possibilities

by collaborating with some of the
industry’s top minds

i3 TEXAS INSTRUMENTS

Unlock the possibilities

by depending on a trustworthy name - Tl

DIiNg INVe astn

O 'ments i
R&D and manufact //
7
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Unlock the possibilities
with a financially stable company

Grow:
* Gaining market share in Analog and Embedded Processing
— $2.5B in organic revenue growth in Analog and Embedded
Processing, 2009-2013, with 9% CAGR

Generate cash:

» Strategic focus on Analog and Embedded Processing
— 79% of our revenue in 2013

» Using manufacturing to our strategic advantage
— Long-lived assets support long-lived product
— Manufacturing assets purchased opportunistically and ahead

of demand keep capital spending stable and low
» Strong free cash flow*

Return cash:
*  Committing to return 100% of free cash flow (less debt repayment)
to shareholders through dividends and stock repurchases
— Increased dividends for 10 consecutive years — dividend rate
up 43% in 2013
— Share count reduced by >35% since the beginning of 2005

*Free cash flow = cash flow from operations minus capital expenditures.

i3 TEXAS INSTRUMENTS
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Unlock the possibilities

FEMmy. Tl BERIUE wess meex 1 enen | s3Efl mmes

- &myti.com.cn, @SR A%
- B LSRG ) S 7 it sk

- VT T B 5 T R R

- /B AR H TS i
MmAmy.TIE R, BEEE
- G RE A

- ZHTI LR RFEX

- i FHWEBENCH T B8 Ha i A 2
- VTP ST, SRR

- EHERER, SEEL

B EmA, HELR

U B HE ~2014 4 12 H 26 Hik
FUBTZHIMA my. Tl & ROt AA e E RS, &
TG NI 250 45818 )L, FIEREAL
Mo BRSO S5

i3 TEXAS INSTRUMENTS

Catalog Processor

Tl Confidential - NDA Restrictions
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Strong Embedded portfolio

» >1300 products,
from $0.25 to $25

Industry’s lowest power
consumption

Optimized solutions for
control and safety

Unmatched analog and
connectivity integration

Broad applications base
with a strong core in

industrial and automotive

» >700 products, single
core and multicore —
DSP and ARM

Unmatched
performance, power,
and integration

Optimized solutions for:
Wireless infrastructure,

automotive infotainment
& driver assistance

Expanding to new
markets: factory &
building automation,
medical imaging,
machine vision, etc.

* More than 130 products
today shipping

Supporting 14 wireless
technologies — focus on
ease of use and low
power

Enabling the “Internet of
things” where everything
gets connected...
Bluetooth, WiFi and
Zigbee

Broad application base -
In-building, portable,
automotive

Tl Confidential — NDA Restrictions

i3 TEXAS INSTRUMENTS

Building a Stronger Processor Portfolio

ARM

Industrial, Multimedia, Security

Single Core ARM
* AM335x
* AM437x

Single Core DSP
+ (6654/55, C6671, C674x

Multicore DSP

Multicore ARM
« AM5K2E02/04

» C6657
+ C6672/4/8

ARM + DSP + Multimedia ARM + DSP
* AM5728 * 66AK2H14/12/06, 66AK2G02
* AM5718 * 66AK2E02/05, OMAPL138

Tl Confidential — NDA Restrictions

i3 TEXAS INSTRUMENTS
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New Devices in 2014

RTM DATE = PART NUMBER KEY DIFFERENTIATORS WHERE DO WE WIN?

(Code Name)
2Q14 AM437x 1x Cortex A9 up to 1GHz Industrial Automation
“Aegis” 32 bit DDR3, QSPI Building Automation
1GigE Switch, SGX PPC replacement
2x PRU Broad Market
Tamper, Security
2Q14 C5517 16-bit fixed point C55x up to Biometric analytics,
“Broad Mkt 200Mhz Audio, Voice,
» Ultra-low power Portable medical,
IS Portable radio
3Q14 AM5K2EXxx/ 4x 1.4 GHz A15 2-, 4-, or 8-core PPC replacement
66AK2EXX 4MB of L2 Defense & Aerospace
“Edison” Network Accelerator Industrial Automation
PCle, USB, 10GigE Broad Market
3Q14 AM572x 2x Cortex A15 up to 1.5GHz | HMI
“J6/Vayu” 2x C66x DSP, 2x M4 Industrial Automation
Video, 2x SGX, 2D Building Automation
2x PRU, 1GigE, USB3 Broad Market
4Q14 AM571x 1x Cortex A15 up to 1.5GHz HMI
“J6Eco” 1x C66x DSP, 2x M4 Industrial Automation
Video, SGX, 2D Building Automation
2x PRU, 1GigE, USB3 Broad Market

i3 TEXAS INSTRUMENTS

TI's Embedded Processing Ecosystem

Run-Time Software

+ Foundational embedded software
development kits

« Application specific development kits

« Large libraries of codecs and OS-
independent algorithms

Development Tools,
Kits & Boards

« Code Composer Studio™ integrated
development environment (IDE)

« Wide range of generation, build and
debug support

« Design Kits, Development Boards &
Evaluation Modules

/

Support & Community
« TI Design Network: off-the-shelf
software, tools and services

« E2E Forums, Wikis and open
source development communities
available 24/7

+ In-person and online training

TI continues to invest heavily in its software and tools ecosystem

i3 TEXAS INSTRUMENTS
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Catalog Processors Run-Time Software:
Foundational SDKs

Linux®: Complete Linux software
development kits (SDKs) speed
application development

Mainline kernel and U-Boot support
with Linaro™ GNU compiler collection
(GCC) tool chain and a Yocto Project™
OE Core compatible file system

Icon-based graphical user interface for
easy navigation

Complete documentation, libraries,
benchmarks, utilities and examples

www.ti.com/mainline

TI-RTOS: TI's real-time kernel (formerly known
as, SysBIOS)

» Provided at no charge and directly supported
by Tl

* Real-time kernel (SYS/BIOS) is optimized for
Tl devices and includes scheduling, memory
management and utilities

» Support today via MCSDK including libraries
and examples

+ Industrial specific support available in BIOS-
based Industrial Software Development Kit

http://www.ti.com/tool/bioslinuxmcsdk
http://www.ti.com/tool/sysbiossdk-ind-sitara

o

yocto

PROJECT

Q& _Linaro

TI-RTOS™

i3 TEXAS INSTRUMENTS

Sitara™ Run-Time Software:
Android™ SDK for Sitara processors

Android: Optimized Android releases
jumpstart solution creation

Complete Open Source software
solution with a full featured application
framework, multimedia and 3D
graphics

Allows for easy integration of
applications via Java
www.arowboat.org community portal
hosts newest developmental releases
Android development tools (ADT)
plug-in available for Code Composer
Studio™ IDE v5

Android SDK for Sitara processors

can be downloaded on Tl.com for free

ARM® Cortex™-A8

* Derived from rowboat releases with

additional system testing

Requires no run-time royalties and includes:

» Complete documentation, libraries,
benchmarks, utilities, performance
benchmarks and examples

* And more...

» Third party partners to provide future

releases and support

www.ti.com/sitaraandroid

i3 TEXAS INSTRUMENTS

12




Commercial O/S partners
Operating System (O/S) partners offer proprietary operating systems, tools and
services for a range of requirements including real-time and safety critical support

L Supported
Vendor Capabilities pp Contact

platforms

INTEGRITY is a real-time operating system TI ARM9™, A8™, www.ghs.com
(RTOS) from Green Hills Software. It is royalty- A9™, and A15™

ol Me free, POSIX certified, and intended for use in
g & N ; based duct: Sall GHS
Green Mills | ) o dded systems needing reliability, availability ased products in?oe@s e com

and fault tolerance. It is used with 32-bit embedded
processors with MMU support.

QNX Nuetrino is a microkernel-based architecture Sitara ARM9, A8, www.gnx.com
* | and is based on the idea of running most of the OS | and A15 based
in the form of a number of small tasks. Neutrino is products Peter McCarthy
widely used as the basis for automotive, industrial mccarthy@gnx.com
control systems, medical instruments and other P v@anx.
mission-critical applications.

QX SOFTWARE SYSTEMS

Wind River's VxWorks Operating System is based TI ARM9, A8, A9, www.windriver.com/products/vxworks/
on a multitasking kernel with preemptive and and A15 based
round-robin scheduling for fast interrupt response duct:

WIND RIVER| times. Itis POSIX certified and used in products T
transportation, networking and communication Joe.Lepine@windriver.com
systems and a wide variety of embedded systems.

Lepine, Emery A (Joe)

Mentor Graphics Nucleus Operating System is a Sitara ARM9 and | http://www.mentor.com
real-time kernel designed to run on embedded A8 based
processors. It targets low power and limited er info@mentor.com

embedded | memory systems with a scalable memory footprint v

claimed to be as low as 2k for memory constrained
environments.

s Microsoft's Windows Embedded CE and Compact | TI ARM9, A8, A9, [Support from MS Windows Embedded Gold
& | Operating System is a component-based, and A15 based artner Adeneo-Embedded
Wind: 4 embedded, real-time operating system. It has a products ttp://www.adeneo-embedded.com
En!ﬁ')e%‘gsed deltelrmlmstlc interrupt latency supportlr]g up to 256 ales@adeneo-embedded.com
priority levels and thread based execution.
Operating System (OS/RTOS) Overview for Texas Instruments i3 TEXAS INSTRUMENTS

DSP Software — Libraries & Codecs Summary

(Digital Signal Processing \ flmage Processing ) Voice and Fax
< FFT + Edge Detection * Line Echo Cancellation
« Adaptive Filtering + Boundary + Voice Activity
+ Filtering and convolution * Morphology Detection
« Others..... + Others..... + Others...
Available free from Tl Available free from T1 Available free from Tl
Libraries \. J J
(" MATLAB/Simulink ) ( Security/Cryptography )
+  Image processing + AES, SHA1, 3DES
*  Math operations
\ Vision Analytics J L )
(" Voice ) / Video \ Audio
< G.711,G.722 « H.263 *« MPEG1 Layer2
« G.723,G.729 . H264 + AAC LC/HE
+ CDMA, AMR(NB/WB) . MPEG2 « AC32.0/5.1
« EVRC, EVRC-B « MPEG4 « Sample Rate Conversion
+ OPUS + VC1/WMV9 Decode
+ Others W, « JPEG, JPEG2K
Codecs + H.265 Beta
Fax \_ ° Others /
. T.38
. Fax Modem
\_
< J

http://processors.wiki.ti.com/index.php?title=Software libraries i Texas INSTRUMENTS
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Programmable Real-Time Unit (PRU) Subsystem

* PRUIsa high_ly differentiated, AM335x PRU Subsystem Block Diagram
low-latency microcontroller
subsystem Industrial

<
Ethernet ———% MII0 RX/TX

« Dual PRU cores per subsystem S

- 2(?0MH2 — 5ns perllnstructlon 326PO — (8K Bytes)
— Single cycle execution Core
— Auvailable on AM335x, AM4, AM5x 30 GPI (8KB IRAM) ]
« Broad market support collateral and (8K Bytes)
promotion coming in July 2014 Scratchpad
— New C-compiler — available now in CCS6
; . (12K Bytes)
— Linux Driver 32GPO PRU1
— C & ASM code examples Core
" 30 GPI (8KB IRAM) -

— Technical collateral: AM335x TRM &
Datasheet, FAQ, GSG

— PRU Cape for BeagleBone Industrial
— Training Ethernet

* Example Use Cases m'_’

— Anything requiring low latency
— Motor Control (PWM)

Master I/F
(to SoC interconnect)

I

Slave IIF
(from SoC interconnect)

32-bit Interconnect bus

— Bit banged serial interfaces Events to 0
ARM INTC nterrupt
- 10/100 Ethernet ) Controller
— Parallel Camera input Events from (INTC)
Peripherals
+PRUs

i3 TEXAS INSTRUMENTS

Industrial Communication Integration

TI's ARM + PRU solution = Best in class “D&%\s

« Meets critical latency requirements: 100us
* FPGA and FSL do not meet the latency requirements: 10sms

AM335x (Multi-prot
AM437x (Multi-p
AMS57xx (Multi

Host

L UART/MII

Timer

PRU

. . PRU-ICSS
Communication Protocols but

not limited to V'PRU-ICSS (PRU based Industrial

Communications Subsystem)

S —_—
Em EnDa_tZ.Z TP’'s ARM + PRU solution = many benefits
AEEEN" i

BTUTE » System BOM savings (>40%) by eliminating the external ASIC
ﬁl, « Supports multiple protocols using the same hardware (PRU is

IIISERCOS IEC61850 —aaEaEE completely programmable)

« Easily adapt to changing standards or create own (requires PRU
P~y expertise or 3P help)
POWERLINK - Scalable solution for HMI, PLC and /O devices

i3 TEXAS INSTRUMENTS
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JTAG Debug Probes

MSP430 ] [ XDS100v2 - Entry Level ]

[ XDS200 - Mid Range ]

3 E
4

. ’

« USB intei ™ == + ARM & DSP

« 3 models based on JTAG headers (14pin
TI, 20pin T1, 20/10pin ARM)

- $79 . $79

» 3 models based on JTAG headers (14pin
TI, 20pin TI, 20/10pin ARM)

S

+ ARM & DSP

 20pin TI, 14pin TI, 20pin ARM and 10pin
ARM connectors

- $295

[ XDS560v2 - High Performance ] [ XDS560v2 Pro Trace Receiver ]

=7

« USB or USB + Ethernet interfaces = g

« Includes multiple JTAG adapters (14pin TI, 20pin TI,
20pin ARM, 60pin MIPI, some include 60pin TI)

« System Trace

« $995 - $1495

« Trace Receiver for ARM & DSP

« USB + Ethernet interfaces

+ MIPI60 and 60pin Tl adapters

« DSP, ARM & System Trace to pins
* $3495

i3 TEXAS INSTRUMENTS

Development Tools, Kits & Boards:
Development kits for catalog processors

Development Kits

Provide a range of hardware and
software combinations to simplify
development

« Evaluation and starter kits
» Complete development kits

» Reference designs for a variety of
applications including portable
communications, electronic point of
service, industrial and more

« Kits include run-time software and
development tools along with
example hardware

( Featured Kits )

4 TMDXEVM437x - $599
7 AM437x Evaluation
v Module (EVM)

TMDSSK3358 - $199
AM335x Starter Kit (SK)

TMDSEVM6678 - $399
C6678 Evaluation Module
(EVM)

TMDSICE3359 - $179
AM3359 Industrial
Communications Engine
(ICE)

EVMK2H - $997
66AK2H Evaluation Module (EVM)

L J

i3 TEXAS INSTRUMENTS
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Processor developer Kkits

Part Number Price* Availability
-
-
A"é‘ffl;:x TMDXEVM3358 $995 T AM335x EVM AM437x EVM
$399
C6678 baseboard
o TMDSEVM6678 | Pgzoco®e) Tl
XDS560V2
AM335x EVM
AM437x
o TMDXEVM437X $599 TI
66AK2H
o EVMK2H $997 TI
66AK2H EVM 66AK2E EVM
66AK2E OIS ET: « Eval board & d tati
A2 XEVM2KE production I val boar ocumentation
end June + SDK (Linux and SysBIOS)
» Support by Tl (e2e.ti.com)
\_ J

* Pricing subject to change

i3 TEXAS INSTRUMENTS

Sitara™ low-cost kits

Availability

BeagleBone
Black
(AM335x
1GHz2)

BEAGLEBK $45 Community

BeagleBone
(AM335x BEAGLEBK $89 Community
720 MHz) AM335x Starter Kit

BeagleBoard-
xM
(DM37x/
AM37x)

BEAGLEXM $149 Community

BeagleBone

Starter Kit

(AM335x) TMDSSK3358 $199 TI

BeagleBone Black

« Low-cost development boards

« Allows HW expansions and
community software content

\. S

* Pricing subject to change

i3 TEXAS INSTRUMENTS
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Support & Community:
For catalog processors

TI’s Design Network
Offers customers a global community of
respected, well-established companies
providing products and services that
complement TI's solutions

 Broad range of reference designs

* Turnkey products and services

» System modules

* Embedded software

+ Development tools

« Engineering services

http://www.ti.com/designnetwork
or see Sitara and DSP Support pages

Training and Community

http://www.ti.com/sitarasupport
http://www.ti.com/dspsupport

L)

TI E2E”
Community

+ Online resources
— e2e Community Forums
— Embedded Processing Mediawiki
— For issues with tracking numbers SDOWP
+ Software related forums
— Development Kits
« Code Composer Studio , TI compilers
— Embedded Software
« Linux, Android, BIOS , Codecs

Commercial Linux RTOS

Sys Green Hills
WIND RIVER

Pden
bt -
CANONICAL

mbedded
WIND RIVER
E= a3

QXX SOFTWARE SYSTEMS

0» -
A ARldgeﬂun

Graphics ul
Integration

Multicore
Development Tooling and SW

#PolyCore
software inc ENEA

i - Rui
© LGRS ‘ CSwind
critical

Logos are links to partners’ external web sites

i3 TEXAs INSTRUMENTS
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TI AM437x Microprocessors
Featuring ARM° Cortex™-A9

Technical Overview

Agenda

e AM437x Silicon Overview
e AM437x EVMs

e AM437x Docs and Tools

18




AMA437x Cortex™-A9 based processors

Benefits

* High performance Cortex-A9 up to 1GHz

* Single-cycle Vector Floating Point (VFP)

* Dual camera and display signal processing

* Security features: crypto and secure boot

® PRU-ICSS enables simultaneous industrial
Ethernet protocols and motor feedback
protocols

* PRU-ICSS enables Sigma-Delta modulation

* Simplified power sequence for flexible or
system cost efficient power designs

Software and development tools

 Free Linux SDK directly from TI

* RTOS (QNX, Nucleus, Green Hills, etc) from
partners

* Full featured and low cost development board
options (EVM, SK, IDK)

Power Targets

* Total Power: <1000mW

* Deep sleep: ~4mW

* RTC-only mode: <0.03mW

Schedule and packaging

* Samples and Dev. Tools: 2Q 2014

 Production: 4Q 2014

* Package: 17x17mm, 0.65 VCA, 0.8mm-pitch
effective routing

NOTES:
(1) Use of TSC will limit availability of channels on one ADC.
(2) Max clock: LPDDR2=266MHz; DDR3=400MHz.

(-

System Services

L J
4 N K
(; . ARM® \ Graphics ﬁg PRU \
{1 CortexA9 Acceleration
Up to 1 GHz SGX530 Industrial
\ J C ication
Subsystem
32K/32K L1 ( Displa \ EtherCAT®,PROFINET®,
play EtherNET/IP™ +
24bit LCD | Protocols +
Touch Screen
\ / Controller!) | N
Processing ‘s H
256KB L3 Shared RAM erat, Secur-lty
Res:ZSlgg,Cgolor AccelerationPac
32-bit p Crypto, Secure boot
LPDDR2/DDR3/DDR3L? \ Conversion, etc. | J

| Simple Pwr Seq|| EDMA | Debug 12 TimersJ SyncTimer32K | WDT | RTC | 2 12-bit ADCst

[V}

EMAC

2-port

switch
10/100/1G
w/1588

QsPI

Connectivity and 10s

Camera
VFx | AN2 pwmxe
Parallel) eCAP/ \ -
USB2 | eQEPx3 | SPIXS
oTG —
+PHY
X2 ) HDQ 12Cx3

MCcASP NAND
x2 ‘ v R
(16bit ECC)
GPIO
3 MMC/
UART SD/SDIO
x6

AM437x: A scalable platform with 4 pin-to-pin
compatible devices

ARM Cortex-A9
(MHz)

800/1000%

Pin-to-Pin Compatible

800/1000%

Graphics
I

3D graphics

3D graphics

Programmable Real-time Unit &
Industrial Communication Sub-System|
(PRU-ICSS)*

PRU-ICSS + EtherCAT® slave
PRU-ICSS

U-ICSS + EtherCAT® slave

PRU-ICSS

Package

17x17/0.65mm t

17x17/0.65mm t

17x17/0.65mm t

17x17/0.65mm T

a|qedwo) a1emyos

APRU-ICSS is commonly used for slave industrial communication protocols such as
PROFIBUS, PROFINET", Powerlink, Ethernet/IP™ and EnDat

T Via Channel Array technology provides 0.8mm-pitch effective layout routing rules.

*pending silicon characterization
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AMA437x Sample Applications

e|ndustrial / Home Automation
*Portable Navigation Devices
*Robotics
«Consumer electronics
*Smart Appliances

sLow power instrumentation
*Wireless Accessories
*Networking

AMA437x — Differentiation vs. AM335x

Cortex-A9 delivers up
to 2500 DMIPs

20% higher than
Cortex-A8

VFP unit 10 times
faster than Cortex-A8

256KB RAM
configurable as either
L2 cache or L3 SRAM,
providing up to 512KB
of internal L3 RAM

Increased L3 RAM
(AM335x has 64KB)
32b DDR memory
interface increases
bandwidth (vs 16b in
AM335x)

Simplified power
sequencing for flexible
power design

System cost savings

QSPl interface enables
execute-in-place (XIP)
from low-cost NOR
flash

Enables DDR-less
applications

lk Qspl X2

45nm
{ 7 ~ ( ‘)’\
ARM® Graphics PRU-ICSS ©
Cortex A9 Acceleration
Up to 1 GHz SGX530 4 j
L y . Indus'trlal.
ion
32K/32K L1 [_ Display \ + Motor Feedback
Subsystem Protocols +
256K L2 /13 24bit LCD Sigma Delta
64K RAM Touch Screen N—
Controller — —
Processing: Security
256KB L3 Shared RAM Overlay, Resizing, A | tionP
Color Space cce era lonrFac
32-bit \ Conversion, etc. j Crypto, Secure boot
LPDDR2/DDR3/DDR3L \ )

Simple Pwr Seq | EDMA || Debug

System Services

s)|SyncTimer32K WDT | RTC | | 2x 12-bit ADCs

EMAC Camera
2-port 1/F (2x
switch _ Parallel)
10/100/1G
UsB2
w/1588 oTG

+PHY

Connectivity and 10s

AN | pwmixe

eCAP/

eQEP x3 SPI x5
HDQ 12€ x3

McAsp | NAND
xZ /NOR
{16bit ECC)

GFIu
3 MViLy

UART SD/SDIO
x6

* Increased SPI, Timers, PWMs, and ADC inputs
« New HDQ/1-Wire interface for sensors and battery monitor

J

ICSS for industrial
protocol acceleration -
enables simultaneous
industrial Ethernet
protocols and motor
feedback protocols.

Display processing off-
loads CPU from tasks
such as overlay, etc.
Contributes to higher
performance than
AM335x

Secure boot enables IP
protection, anti-cloning,
and take-over protection

Single/Dual camera port
For apps such as data
terminals, barcode
scanners, etc.

20




Package

ZDN Package:

17x17 mm 0.

65 pitch via channel

array [0.8 routable] package
Separate VD
VDD_CORE

D_MPU and

prenommomcmrefvaac<a<IEREA

Cortex-A9 (AM437x)

VFP Fully Pipelined ~10x floating
point speed up
Out of order processing and other
performance improvements giving
2.5 DMIPS/MHz (~16% in actual
tests
External PL310 cache controller .
L2 Cache can be used as genoe:zrg“cl:‘qé%m;s)
SRAM (SRAM or Cache - no mixing)
Interrupts (more interrupts, 224)

¢ Generic Interrupt Controller
Wakeup Gen
local counter, watchdog timer
Up to 1GHz MPU clock

vs Cortex-A8 (AM335x)

Figure 1. MPU Subsystem Block Diagram

i 1
| Cortex-AIMP :
| VFPINEON é \
| % '
I L1 L1D E I
32KB 32KB = |
I [
Timer |
WakeU GIC scu
4L'| Gen pl""‘ WDT :
I E I I
| 2
| 256KB :
| PL310 1
| [
I 2 |
MPU Sec / Public
| AXI20CP |
Subsystem ROM
| 4 102/48ka |[*7] Bdee | |
| SCM \
| OCM RAM |
Memory
[ e Adaptor [
| Bridge |
: |
|
1 Slave 0 Master 1 | Master 0 \
CLK_M_OSC | & 64 128
Frm Master OSC  From L3 ToL3 ToLa
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AM437x Memory interface (LPDDR2/DDR3)

Features of the EMIF4D include:
* Frequency Targets
= LPDDR2: 266 MHz Clock (532 MHz Data Rate)
= DDR3 (1.5V) /DDR3L (1.35V): 400 MHz Clock (800 MHz

Data Rate) Tt |
= No support for mDDR or DDR2 opology
» 16 or 32 hit data bus
» 2GB total addressable space DDR3
» Supported Memory configurations (x16)
* 1load (x32 device)
» 2 loads (x16 devices) AM437x
* 4 l|oads (x8 devices) DDR3
» Supports a maximum of 4 address loads DDR3, 2 data loads for 16
LPDDR2 and 1 data load for DDR3 (x16)
* Plan to support HW leveling, characterization still in progress
Fly-by topology Point to point
D[31:16]
\ LPDDR2
D(1>:0) | AM437x =
AMA437x 1 (x32)
DDR3 DDR3
(x16) (x16)
. AM437x =D DD?
A nggyen A g (x16)

AMA437x DDR3 Low Power

f DeepSleep \
jé==\/DDS_DDR sy

VDDS_DDR_

DDR_RESET
DDR3
sLow power enhancements for AM437x
DDR3 " DDR_CKE
*Fail Safe 1/0 for DDR_RESET: 9|
Facilitates external pull-up to keep
DDR in self-refresh during RTC+DDR.
+ VDDS_DDR
*PMIC: Load Switch facilitates RTC + DDR 1 \
separation of DDR voltage to AM437x
and DDR memory VDDS_DDR
*Added extra signaling in hardware to
facilitate suspend/resume sequencing AMA437x DDR_RESET DDR3
DDR_CKE

\_ ~ )
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External memory interfaces

Features of the GPMC include:

¢ 8-bitand 16-bit wide data bus

« Programmable cycle timings for each chip select

« Up to 16-bit ECC support for NAND Flash using BCH code (t=4, 8 or 16) or Hamming code for 8-bit or
16-bit NAND-flash

« Integrated ELM (Error Locator Module) to provide ECC calculation (up to 16b) for NAND support.
Supports 4-bit, 8-bit and 16-bit per 512byte block error location based on BCH algorithms

« used to connect NAND, NOR (async and sync), FPGAs, etc

Features of the MMC/SD include support for:
¢ 3 MMC/SD ports
¢ Multimedia card (MMC v4.3/ SD 2.0 ), supports >2GB capacity on eMMC boot on MMCO
« Card detect and write protect on each MMCSD port
¢ 48 MHz maximum /O clock rate (up to SDR25 speeds)

Features of the QSPI:

Supports up to 4bit read, 1bit write

Up to 48MHz clock, Master only

Supports eXecute-In-Place (XIP) from serial NOR flash

Primarily intended for fast boot from quad-SPI flash devices

EMAC — Ethernet Media Access Controller
switch

AM437x AM437x

K—> Port2 K= Port2
K—> Portl rort? @ K= Portl

Dual MAC mode Switch mode

Port0

« Ethernet Subsystem is an upgrade from AM335x

+ 10/100/1000Mb 3 port Ethernet switch

» Supports standard Media Independent Interface (MIl) and Reduced
Media Independent Interface (RMII) & Gig Reduced Media
Independent Interface (RGMII) to physical layer device (PHY)

+ Includes MDIO interface to control/communicate with PHY

+ Reset Isolation

+ EXTDEV PLL to provide clock to external PHY
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Ethernet: changes from AM335x

¢ Added capability to derive REFCLK for Ethernet PHY from AM437x

¢ Added Low lJitter EXTDEV PLL
+  Saves cost of external crystal or oscillator for PHY AM%S’(Z&(T Ethernet
«  25MHz REFCLK for other PHYs X PHY

¢ 50MHz REFCLK for RMII PHY clock (default for ROM for boot)

¢ Separated voltage domains of MDIO clk/data and Ethernet I/F in all 1/O sets
¢ Compliant to IEEE Ethernet Vmin=2.0V spec

¢ Expanded pinmux options
¢ NAND + Dual Ethernet supported

e |EEE1588 TimeStamp
* Provides accurate time based control over Ethernet
¢ Ability to provide separate PLL (reusing Display PLL) with Fractional M multiplier
for time stamping
* |PV6 time stamping. Now supporting Annex D, E , F

¢ Added support for Ethernet operation in CORE OPP50
¢ Internal TX Delay mode supported by default to enable RGMII boot

USB 2.0 — Universal Serial Bus

Benefit: 2x xHCI DRD (dual role device) USB controllers with embedded DMA and integrated PHYs provide a
mechanism that complies with the USB2.0 standard for data transfer between USB devices up to 480 Mbps.
Its dual-role feature allows the capability to operate as a host or peripheral.

20+% performance
AM335x improvement AMA437x
Mentor OTG controller xHCI controller
« New generation xHCI provides industry standard register definition
for USB host controllers supported by open-source drivers
+ AM437x adds capabilities to xHCI for peripheral mode
- 2 ports (USBO and USB1)
- Both ports bootable
« USBO as peripheral,
- USBL1 as host. Can boot off of a MSD (ie, flash drive)
- Swappable DP/DM to facilitate routing

«  Operating as a host, it compiles with USB2.0 standard for high-speed, full-speed and low-speed operation
with a peripheral

- Operating as a peripheral, it compiles with USB2.0 standard for high-speed and full-speed operation with a
ost

- SuperSpeed is not supported! (Did not integrate SuperSpeed PHY)

«  Supports all modes of transfers (control, bulk, interrupt, and isochronous)

« Supports 15 simultaneous Transmit (TX) and 15 Receive (RX) endpoints, in addition to endpoint 0

« Al new devices (Keystone, Vayu, etc.) going forward will be using xHCI controller (driver compatibility)
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Display Subsystem (DSS)

. Display Subsystem

¢ Reuse of AM37x (OMAP3630) DSS with the following omissions:
¢ No support for VENC (Composite Video, S-Video), and Serial Interface (DSI or SDI)
e H/W rotation engine and mirroring not implemented

¢ Up to 100MHz pixel clock

¢  Up to 2048x2048 resolution, highly dependent on frame rate, bpp, etc.

. Display Controller :

. Display modes :
¢  Programmable pixel display modes (1, 2, 4, 8, 12, 16, 18 and 24 bit-per-pixel modes)
¢ Programmable display size (2048x2048 pixel max)
e 256 x 24-bit entry palette in RGB

¢ Display support :
¢ Passive & Active Matrix panel.
¢ Remote Frame Buffer support through the RFBI module.

¢ Signal processing :
¢ Overlay support for Graphics,Videol and Video2
¢ Video resizer : upsampling (up to x8) downsampling (down to 1/4)
¢ Transparency color key (source and destination)
¢ Programmable video color space conversion YcbCr 4:2:2 into RGB
¢  Gamma curve support
¢ Programmable Color Phase Rotation (CPR)

Camera Subsystem

synchronization signal

*  Same as AM35x VPFE

e Dual Port 8/10bit BT656 interface

*  Single port 12-bit interface ﬁ
Timil t
*  YUV422/RGB422, BT656, RAW input formats

e Upto 75MHz input pixel clock

e Barcode scanner processing sub module v

ccbC
|

PREVIEW

VPFE

REGISTERS

L4
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AM437x has numerous serial
peripherals...

12 GP Timers & 1 watchdog timer
—  Free-running 32-bit upward counter. Runs off 32KHz or 19.2, 24, 25, 26 MHz system clock.
—  WDT: MPU Watchdog (runs off of 32KHz system clock)
1 Sync Timer (32KHz)
— Special always on 32K timer for OS
12€ (3)
—  312C ports compliant with Philips 12C specification version 2.1
—  Support for standard (up to 100K bits/s) and fast (up to 400K bits/s) modes
General-Purpose 1/0 (GPIO) Interface (6 banks)

— Synchronous interrupt requests in active mode from each channel are processed by GIC (General Interrupt
Controller) in MPUSS.

— Asynchronous wake-up request
— 192 total GPIOs muxed with other signals

Multichannel Audio Serial Port Interface (2)
— Data Clock 50 MHz,
— Two Clock Zones and up to 4 Serial Data Pins per McASP port
—  Supports TDM, 12S and Similar Formats
—  Supports DIT mode

Universal Asynchronous Receiver Transmitters (UART) (6)
—  UART1 will support full Modem Control (CTS,RTS,DTR, DSR, DCD, RIN)
—  All UARTs support IrDA, CIR and RTS, CTS flow control.
—  Supports baud rate up-to 3.6M bits/s.

.

.

.

AMA437x has numerous serial
peripherals (cont.)...

PWM Subsystem
— eCAP(3)
¢ Up to Three 32-bit enhanced Capture Modules — configurable as 3 capture inputs or 3 auxiliary PWM outputs
— eHRPWM (6)

¢ Up to Six Enhanced High Resolution PWM modules (eHRPWM) — with dedicated 16-bit time base counter with time
and frequency controls.

— eQEP (3 )
* Up to Three 32-bit enhanced Quadrature Pulse Encoder modules

HDQ/1-wire

— For connection to battery gauges
DCAN (2)

— Same as AM335x
MCcSPI (5)

— Master/Slave operation, 48MHz clock

— Up to 4 channels for each McSPI0,1, two channels on McSPI2,3
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ADCO

AMA437x: Two ADCs

B35

(Touchscreen)

— 12-bit Successive Approximation Register (SAR) ADC

—  867KSPS

— 8analog inputs

— Can be configured as a Touchscreen Controller. When configured as TSC, it takes away
pins/channels for general purpose ADC use.

ADC1

— 12-bit Successive Approximation Register (SAR) ADC with preamp
— 867KSPS
— 8analog inputs

Simultaneous mode

ADC1 controls ADCO AFE
2 16bit results can be read from one
32bit register inputs converted to
32bit value

8inputs

New feature vs. AM335x

ADCO

AMA437x

ADCO

8inputs Elﬁ AFE

ADC1

16bits
> FIFO1 [
32bits
FIFOO  —rebits

Internal Memory

* ARM internal RAM 64KBytes

* OCMCRAM
— 256KBytes

* L2 cache as L3 RAM
— 256KBytes, for a total of 512KBytes possible

New feature vs. AM335x
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—
— routis 250w [] To SEMAL (S ianr)
PLL o -
g ADPLLS) |8
sanes [ (ERET (B] L : AT
Input Clocks to device T T |2°% T ST e A
c e S o
— 19.2, 24, 25, 26 MHz system i) LY 4
|0ck == ONTROL
¢ Display
— RTC Clock - 32kHz clock. From PLL
|| (ADPLLS) '\
Crystal or PER PLL |
6 PLLs to generate various system — e T
clocks: Ja—couriong |: g Tomme/so
== z
— MPU PLL - ARM MPU subsystem PLL |_ LT cu_szon
. }—»| (ADPLLLJ) Ll Touss by
— DDR PLL - for DDR interface %:D—
- USIM
— PER low jitter PLL - USB & | e
Peripherals (MMC/SD, UART, SPI, ) FopnLnes e
DDR = To MEMSS
12C, etc.) - PLL [Blccounus | oucion .
i
~ CORE PLL- L3, L4, Ethernet, SGX 70 [l e oo
— Display PLL - DSS Pixel Clock and G
IEEE1588 MDR S——
— EXT low jitter PLL — drives “'
external devices through
CLKOUTx D;I:l_.l —— 5 Clocks
(WAL MPUSS New feature vs. AM335x

AM437x ROM

¢ Boot from a number of sources, selectable with SYSBOOT pins
— Memory boot
e SDcards
¢ eMMC - support for >2GB on either MMCO or MMC1
¢ NOR flash — support for muxed and non-muxed XIP boot
* NAND flash - 8 or 16 bit
* SPI EEPROMs
¢ QSPI- XIP boot from serial flash
¢ USB Host (USB1) — USB mass storage devices, USB thumb drives, great for product upgrades
— Peripheral boot
¢ Ethernet — support for MIl, RMII, and RGMII boot.
* USB client (USBO)
* UART
e Other SYSBOOT selectable features
— USB data polarity
— Some pinmux options on certain interfaces (QSPI, NAND)
— Input frequency (19.2, 24, 25, 26MHz)
— Enable CLKOUT1

¢ Boot occurs in MPU and CORE OPP50 in all modes
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EVMs and Tools

Get to market fast with AM437x dev.
tools

TMDXEVMA437X

TMDXSK437X

TMDXIDK437X

| CPU-Freq AM4378 — Up to 1GHz AM4378 — Up to 1GHz AM4379 — Up to 1GHz
| Memory 2GB DDR3 1GB DDR3L 1GB DDR3
| Display 7" Cap Touch /LCD 4.3" Cap Touch /LCD None
PMIC TPS65218 TPS65218 Discrete solution
WLAN/BT Connector for WiLink8 Connector for WiLink8 N/A
2x Camera modules 1x Camera module 1x Camera module
1x Gb Ethernet port 2x Gb Ethernet ports QSPI-NOR Flash
NAND/eMMC QSPI-NOR Flash 1x Gb Ethernet
Key Features 2x DCAN No DCAN PWM & ADC
HDMI/LCD LCD only No display
In/Out audio In/Out audio 2x Industrial Ethernet
Software Linux Linux SYS/BIOS
Available 2Q 2014 4Q 2014 3Q 2014

Target: $599

Target: $299 Target: $329
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EVM design approaches

¢ Limited muxing options on each board
¢ Facilitated modularization of interfaces (easier for customers to reference)
¢ AllI/F not available on one board.
¢ Several different DDR layout references
e GPEVM: 4 devices (x8) DDR3 fly-by topology with VTT termination
e SK: 2 devices (x16) T- topology, no VTT termination
¢ |DK: 2 devices (x16) fly by topology, with VTT termination
e PMIC
e GPEVM: TPS65218, DDR3=1.5V
¢ includes external 1.8V LDO to demo RTC only mode (workaround for PMIC errata pre V2.0)
e StarterKit: TPS65218, DDR3L=1.35V
¢ no 1.8V LDO (plan to use PMIC v2.0)
¢ |DK: Discrete solution, not optimal cost.

¢ Power efficiency was key goal (single stepdown converters from 24V).
¢ Demos power sequencing optimizations (uses 1.8V internal LDO)

nesseee
sence

4 x8 Fly-by
DDR3
i .

SYSBOOT
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Power switch DCAN #0 Camera #1
5V 47 connector Camera 2Mp

K

Power LEDs $

7” LCD

:

20-pin ARM
JTAG Connector

UART #0

Micro USB 2.0
800x480 el < icro

Touchscreen

WLAN/BT COM lf ser LEDs ‘}User Buttons
connector HDMI

5 <— USB 2.0

Audio out

! <}— Gigabit

Ethernet

-

GP EVM: design features

GP EVM: Power Management features

12C Power monitor {
. [=rs)
captures realtime i

i

S | L —|

| : T ) Tk Measurement points for
rrl e key voltage rails
sl
—TL

TPS65218 PMIC: reference for all voltage rails and _— 1 :

power control

. GPIO control of external
peripherals for system low
power

measurements J l
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AMA437x Industrial Development Kit (IDK)
Motor control with communications

|Boot from QSPI or usSD l

Ll

* USB and ARM JTAG

« Single axis motor control
* 3x PWM with ADC feedback
* Expansion to dual axis

. AM37xSitara ARM MPU
* Gb Eth for diag
and monitoring Generd Purpase Connectivity
Processor i,
AN pirhealer N
i%%%%q pirheater .
1< OFF
varey e e
RIS GERPHY
1« EnDAT
— FT_
- 1655v3
EtherCAT. ™ <PasY
RT_Il
RS

P

Al  Industrial Comm Protocols dock PIIC ] ]
R 10 sl * 2x10/100 Eth PHYs fdurds * Expansionvia | ¢,
Enio connector capes Connector

AMA437x documentation

. http://ap-fpdsp-swapps.dal.design.ti.com/index.php/AM437x_Collaterals
— EVM
¢ Schematics, Board files (layout), PCB design specs, H/W users guide
— AMA437x
¢ TRM and datasheet
e By RTM
Errata: PG1.2 production, errata will mention PG1.1
EVMs: Diagnostic Code, Symbols and Footprints
Schematic review checklist, Migration Guides
Tools: Clock Tree Tool (CTT), Pinmux tool, Power Estimation Tool (PET)
Layout Guidelines for DDR and USB
Throughput app notes
Power Consumption summaries
BSDL and IBIS models
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Package view
of pins used

Pinmux tool for AM437x

Choose I/F to be
used, tool will
ically

select pinmux

File:
@ Devices B Load [l Save ElSaveAs ) Generate ® About

Avaliabie Peripherals

+ass B Remove
Choose I/F iy 0sE 1
voltage 245 Raster mode =
(Confguce)
1 (Wiew I€ ie)
1/0 s(?t T T 05 Signals 0SS Pins U IPD [Rx
automatically 8
chosen o Hg:‘ﬁ:‘;; I @ vsvicidss e (ol 5)
e (03) ¥ ¥ HSYNCWss haync)
St LT
Molo_pRUSS? (01) | € AC_BAS s (Fnp__T5)
i (02) ; 5 &
et | O Py
; s_dota) ) ot s
Choose any Pt v = N
ilable pin or — i L «  Automatically optimi in selecti
able p . e y optimizes pin selection as user
fixapin b T adds interfaces
R (0z) ¥| 7 DATASss o) +  Conflicts are identified
RTC (04) ¥| [ DATAGdss_dataf) " .
8 2 2 oA saan . Outpgts Startferware header files (device
UART (06) | ) DATABdss_datad) tree files coming soon!)
UART_PRUSSO(0) 1 i paTasidss_datat) i
wRr prusst o) 4 O Bl e Standard tool for other devices (AM335x,
uss (02) % ATAN{dss_datatd) e )
¥ DATA14{dss_datat1) (Any(B18) - Vayu AM57X’ Gahleo, EtC‘)
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KeyStone SoC
Architecture Overview

KeyStone Training

i3 TEXAS INSTRUMENTS

Agenda

* Keystone SoC Innovation and Application

* KeyStone | Architecture
— CorePac & Memory Subsystem

Internal Communications and Transport
External Interfaces

Coprocessors and Accelerators
Miscellaneous

* KeyStone Il Architecture

— ARM Cortex-A15 CorePac

— Performance/Throughput Improvements
* KeyStone Platform

— Debug

— Device-Specific Offerings

i3 TEXAS INSTRUMENTS
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KeyStone Multicore SOC Architecture

The first network on chip infrastructure to unleash full multicore entitlement

Multicore Navigator Network on Chip

Processing Cores

Layer 1,2& 3
Coprocessors

High Speed I/O

i3 TEXAs INSTRUMENTS

Tl Keystone SoC Applications

[ Media Gateways & ( High Performance & (6 Imaging ( Video
Networking L Cloud Computing ) Applications L Surveillance

r

Video & Audio
Infrastructure

Test and
Automation

J

Wi TExas INSTRUMENTS
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KeyStone | Architecture

* CorePac & Memory Subsystem

* Internal Communications and Transport
* External Interfaces

* Coprocessors and Accelerators

* Miscellaneous

i3 TEXAS INSTRUMENTS

KeyStone | Device Architecture

Application-Specific

Memory Subsystem Coprocessors

C66x™
CorePac
Miscellaneous
HyperLink TeraNet

Multicore Navigator

External Interfaces

Network Coprocessor

i3 TEXAS INSTRUMENTS
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KeyStone | CorePac

Memory Subsystem

C66x™
CorePac

L1P L
Cache/RAM Cache/RAM
L2 Memory Cache/RAM

Miscellaneous 1to 8 Cores @ up to 1.25 GHz,

Application-Specific
Coprocessors

¢ 1to 8 C66x CorePac DSP Cores
operating at up to 1.25 GHz
— Fixed- and floating-point
operations
— Code compatible with other
C64x+ and C67x+ devices
¢ L1 Memory
— Can be partitioned as cache
and/or RAM
— 32KB L1P per core
— 32KB L1D per core

HyperLink Teratiet — Error detection for L1P
Multicore Navigator _ Memory protection
* Dedicated L2 Memory
— Can be partitioned as cache
and/or RAM
External Interfaces — 512 KB to 1 MB Local L2 per core
— Error detection and correction
for all L2 memory
Network Coprocessor |, pjrect connection to memory
subsystem
i3 TEXAS INSTRUMENTS
KeyStone | Memory Subsystem
Memory Subsystem Apgi.;aﬁon_speciﬁc * Multicore Shared Memory (MSM SRAM)
DDR3 EMIF | e progessors *lto4mB
smG * Available to all cores
¢ Can contain program and data
* All devices except C6654
¢ Multicore Shared Memory Controller (MSMC)
C66x™ o Arbitrates access of CorePac and SoC
CorePac masters to shared memory
* Provides a connection to the DDR3 EMIF
CachomamCactonam  Provides CorePac access to coprocessors and

L2 Memory Cache/RAM

Miscellaneous 1to 8 Cores @ up to 1.25 GHz,

HyperLink TeraNet

External Interfaces

Multicore Navigator

Network Coprocessor

10 peripherals
 Provides error detection and correction for
all shared memory

* Memory protection and address extension
to 64 GB (36 bits)

* Provides multi-stream pre-fetching
capability

¢ DDR3 External Memory Interface (EMIF)

o Support for 16-bit, 32-bit, and (for C667x
devices) 64-bit modes

* Specified at up to 1600 MT/s

¢ Supports power down of unused pins when
using 16-bit or 32-bit width

* Support for 8 GB memory address

¢ Error detection and correction

i3 TEXAS INSTRUMENTS
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Memory Subsystem

DDR3 EMIF

Miscellaneous

HyperLink

KeyStone | Multicore Navigator

* Provides seamless inter-core
communications (messages
and data exchanges) between
cores, IP, and peripherals.
“Fire and forget”

¢ Low-overhead processing and
routing of packet traffic to and
from peripherals and cores

e Supports dynamic load
optimization

Application-Specific
MSM Coprocessors

SRAM
mMsMC

C66x™
CorePac

L1P L1D
Cache/RAM Cache/RAM
L2 Memory Cache/RAM

1to 8 Cores @ up to 1.25 GHz
TeraNet

Mmulticore Navigator | @ Data transfer architecture
Queue Packet . o s .
Manager || DMA designed to minimize host

interaction while maximizing
memory and bus efficiency

¢ Consists of a Queue Manager
Subsystem (QMSS) and

External Interfaces

Network Coprocessor multiple, dedicated Packet
DMA (PKTDMA) engines
i3 TEXAS INSTRUMENTS
Keystone |

Multicore Navigator architecture

Queue Interrupt Queue Event Queue Event Queue Event  Queue Event  Queue Event
Y Y A4 \ 4 Y Y
: Packet Packet Packet Packet Packet
Acoumulation Lex(  DSP core DMA DMA DMA DMA DMA
" ry (SRIO) (NetCP) (FFTC) (BCP) (AIF2)
— * A A A A
v v Y v Y v Y
TeraNet
A A AATh 4 A A
Y Y y A
MR v Packet
Qo (a1 Qx DMA APDSP >
FIE ] gy ||% (Internal) Queue
i Link T Interrupts
I\:131:11‘& De;g:ator RAM APDSP .
emory Queue
Manager A
Queue Manage Subsystem

Y v

\ 4
Queue Events

i3 TEXAS INSTRUMENTS
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KeyStone | Network

Application-Specific

Memory Subsystem Coprocessors

DDR3EMIF - | e
MSMC

C66x™
CorePac

L1P L1D
Cache/RAM Cache/RAM
L2 Memory Cache/RAM

Miscellaneous 1to 8 Cores @ up to 1.25 GHz,

HyperLink TeraNet

Multicore Navigator

Queue Packet
Manager =~ DMA
k]
13 .S Security
External Interfaces g% S Accelerator
£&. |2
w (% Packet

Accelerator

SGMII
x2

Network Coprocessor

Coprocessor

* Provides hardware accelerators to
perform L2, L3, and L4 processing
and encryption that was previously
done in software

* Packet Accelerator (PA)

*Single or multiple IP address
option

*UDP (and TCP) checksum and
selected CRCs

*L2/L3/L4 support
* Quality of Service (QoS)

* Multicast to multiple
destinations inside the device

* Timestamps
* Security Accelerator (SA)

* Hardware encryption,
decryption, and
authentication

* Supports IPsec ESP, IPsec AH,
SRTP, and 3GPP protocols

i3 TEXAS INSTRUMENTS

KeyStone | External Interfaces

Application-Specific

Memory Subsystem Coprocessors

MsSM
DDR3EMIF | SRAM
MsSMC

C66x™
CorePac

L1P L1D
Cache/RAM Cache/RAM

L2 Memory Cache/RAM

Miscellaneous 1to 8 Cores @ up to 1.25 GHz,

HyperLink TeraNet
Multicore Navigator
Queue Packet
Manager DMA
< & L X 5.
o= = i
3o/ © T |8 =] Security
SE | o -5_’ 2 E o sE o g S Accelerator
n | oo £3 £
gsglo 8 3 38 = £3 £
‘% ,% . w ) Packet

Accelerator

SGMII
x2

Network Coprocessor

* 2x SGMII ports support
10/100/1000 Ethernet

* 4x high-bandwidth
Serial RapidIO (SRIO) lanes

* 2x PCle at 5 Gbps

* SPI for boot operations

* UART for
development/testing

* |2C for EPROM at 400 Kbps

* GPIO

» Device-specific Interfaces
— Wireless Applications
— General Purpose

Applications

i3 TEXAS INSTRUMENTS
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TeraNet Switch Fabric

Memory Subsystem
DDR3 EMIF | SMRSAT,,
mMsMC

C66x™
CorePac

L1P L1D
Cache/RAM Cache/RAM
L2 Memory Cache/RAM

Miscellaneous
HyperLink

x2

Speanc o
GPIO
1’c
UART
SPI

PCle

1to 8 Cores @ up to 1.2
TeraNet

x4

Device
Specific /10

SRIO

5 GHz,

Application-Specific
Coprocessors

Multicore Navigator

Queue Packet
Manager DMA
%= -
£ = ASec;ml{
% ”;’ ] ccelerator
w (% Packet

Accelerator

SGMII
x2

Network Coprocessor

* A non-blocking switch fabric
that enables fast and
contention-free internal data
movement

Provides a configured way —
within hardware — to manage
traffic queues and ensure
priority jobs are getting
accomplished while minimizing
the involvement of the CorePac
cores

Facilitates high-bandwidth
communications between
CorePac cores, subsystems,
peripherals, and memory
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KeyStone | TeraNet Data Connections
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— BT
[ Debugss [M]—————>|

Facilitates high-bandwidth
communication links
between DSP cores,
subsystems, peripherals, and
memories.

Supports parallel orthogonal
communication links
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KeyStone | HyperLink Bus

Memory Subsystem

DDR3 EMIF - | s”,;i"ﬂ,,
MsSMC
Debug/Trace
C66x™
CorePac
L1P L1D
Cache/RAM Cache/RAM

L2 Memory Cache/RAM

Miscellaneous

HyperLink TeraNet
° % 2 %
o= =
Sol|Q T |8
£ a2 2 250359
ag g > CEUR
) »

1to 8 Cores @ up to 1.25 GHz

Ethernet
Switch

SGMII
x2

Application-Specific
Coprocessors

Multicore Navigator

Queue Packet
Manager DMA

= Security

S Accelerator

=

(% Packet

Accelerator

Network Coprocessor

* Provides the capability to

expand the device to include
hardware acceleration or
other auxiliary processors
Supports four lanes with up to
12.5 Gbaud per lane
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KeyStone | Miscellaneous Elements

Memory Subsystem

MSM
DDR3 EMIF - | SRAM
MSMC
Debug/Trace
Boot ROM
Semaphore CE6x™
Power CorePac
Management
PLL L1P L1D
3 Cache/RAM|Cache/RAM
EDMA L2 Memory Cache/RAM
x3 1to 8 Cores @ up to 1.25 GHz
HyperLink TeraNet
Q B Q% -
o= - L Q<
o |9 T |8 €¢
S8 a £ e % T 350 5=
356~ 5 IS 29 = £2
g a -1 w
) »

SGMII
x2

Application-Specific
Coprocessors

Multicore Navigator

Queue Packet
Manager DMA

= Security

S Accelerator

=

(% Packet

Accelerator

Network Coprocessor

Boot ROM

Semaphore module provides
atomic access to shared chip-
level resources.

Power Management

Three on-chip PLLs:
— PLL1 for CorePacs, except
— PLL2 for DDR3

— PLL3 for Packet
Acceleration

Three EDMA controllers

Eight 64-bit timers
Inter-Processor Communication
(IPC) Registers
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Diagnostic Enhancements

Memory Subsystem Apgi;a'ﬂzg;izfgific . Embedded Trace Buffers (ETB)
DOR3 EMIF | SRAM enhance the diagnostic
msue capabilities of the CorePac.
DebugrTrace * CP Monitor enables diagnostic
capabilities on data traffic
Coox™ through the TeraNet switch
CorePac fabric.
* Automatic statistics collection
CachbRAM Cache/RAM and exporting (non-intrusive)
2 Hemony GachelRAN * Monitor individual events for
Miscellaneous 1to 8 Cores @ up to 1.25 GHz, better debugglng
HyperLink TeraNet * Monitor transactions to both
M;l"‘;zf;fe Na;igam' memory end point and
Maneger || Dra Memory-Mapped Registers
(MMR)
2 o ¥ 2% s sy | * Configurable monitor filtering
3585 € 2 % 6352 S § Acceleor capability based on address
ca & cg 6 E@® 0 E Packet and transaction type

Accelerator

SGMII
x2

Network Coprocessor
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KeyStone Il Architecture

* ARM Cortex-A15 CorePac
* Performance/Throughput Improvements
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KeyStone Il Device Architecture

— C66x CorePac
C66x™ ARM A15 CorePac
CorsPac Memory Subsytem
1 L Multicore Navigator
:I: t 8x Network Coprocessor
[ ‘ TeraNet Switch Fabric
|:|‘—’ —— ARMA15 — 10 Glgablt Ethernet (10 GBE)
[, CorePac R External Interfaces
QSx .
] HyperLink Bus
/L 54;’ 1-4 ARM Cores & 0-8 DSP Cores @ up to 1.4 GHz Misce”aneous
\QHypeerk‘ Tf:a:l:l - - <_+
Multicore Navigator
| A e 7 B
v v LA 2P / ¥ ]
1
HF@[]L]LIDV (=] =
TN B
| 7 00 000 e
‘ 0 Coprocessor
g

Y v A
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ARM Cortex-Al15 CorePac

‘r‘ Memory —— . « Single, Dual, or Quad-ARM A15 CorePac
4—-1+|:}4_) D : e operating at up to 1.4 GHz.
'_"H:"’_ P | Coref’ac I — Full implementation of ARMv7-A

,,,,,,,,,,,,,, | el architecture instruction set
PEEN R P p-Cache D-Cachef ]

= Jt H026KkB L2 Cache) .a - Integ.rated Neon e?nd Vector

> T BT 1_: Floating-Point Unit
(E—]— ARM. | ARM * L1 Memory: 32KB L1 per ARM A15 for
A15 A15 caching program and data

T o

[ « v ARM ARM . emory:

Sx Lkl /NE) | — Shared L2 Cache Memory with full cache

] pre E000 OLs|PLacke Diaeh coherency using Snoop Control Unit (SCU)
| Miscellaneous®" 14 ARM Cores & 0.8 DSP Cores @ up to 14 GHz — 4 MB L2 Cache is shared between the 1 to
\QHypeerk TeraNet <_+ 4 ARM A15 core(s).

4 A A Fs A
Multicore Navigator The AMBA 4.0 AXI Coherency Extension
~T|‘ \:D (ACE) master port is connected directly to
v l »u{' the MSMC2 for short-path access to shared
I MSMC SRAM.

v v 3 ]
HEEEDDBF \ i ] TE " fothe shared memory and external
sinnnaanil:

}

<
<
<

Coprocessor

memory connected through the EMIF.
| 2.nework || * Cluster-level and core-level power
t management and low-power standby
I I modes (also known as WFI/WFE modes)

]
| -]
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LT

Multicore Navigator

L]

=

| Memory | ——
T [ems | || | RsA  Rsa ]
B el
T - s ||l | ceexm
'_T' | msvc : CorePac ||
,,,,,,,,,,,,, I
|, .~ % Esmalmbot
:I 11024KB L2 Cache| 8
« x
m— EEETET
3| | | ARM [ ARW
| A15 A15
[ 4MB L2 Cache
- ARM ARM
[ — g A15 A15
(e P-Cache O-Gachelp ache b-Cache
>
/L Miscellaneoussx 1-4 ARM Cores & 0-8 DSP Cores @ up to 1.4 GHz
\Quypmunk TeraNet <_+
4 I [ A A A A
" T
TRy o= r
External Interfaces 10688
JLILILILL] b
A A A

Ad Ad A

T 00
}

2: Network
Coprocessor
I

KeyStone Il Memory Subsystem: MSM/MSMC

* Multicore Shared Memory (MSM SRAM)

— 2-6 MB shared among the C66x and
ARM A15 CorePacs.

— May contain program and data

* Multicore Shared Memory Controller
(MSMC version 2.0)

— Arbitrates access of C66x and ARM
A15 CorePac and SoC masters to
shared and external memory through
DDR3 EMIF

— Provides error detection and
correction for all shared memory

— Memory protection and address
extension to 64 GB (36 bits)

— Provides multi-stream pre-fetching
capability

— Support for ARM coherency with
EDMA/peripheral masters in DDR3A
and MSMC SRAM space

— 8 SRAM banks

— Runs at the DSP frequency, thereby
increasing memory access by fourfold
compared to previous MSMC v1.0

i3 TEXAS INSTRUMENTS

KeyStone Il Memory Subsystem: DDR3

Multicore Navigator

=

| Memory ——
x [Teme | RSA  RSA ]
‘__T’ Ce6x™
| ¥ —
R el it Eoebes
o> (B -
e
— ]
<> || ARM | ARw
| A5 A15
AMB L2 Cacho.
. ARM ARM
[ — g A15 A15
1] P-Cache 0-Gochelp-Cache D-Cache
i
" Miscollaneous®™ 1-4 ARM Cores & 0-8 DSP Cores @ up to 1.4 GHz
\Quypmunk TeraNet <_+
4 I 4 A A A A
- BT
I = -
External Interfaces o
JLILILILILY )
i s Yy

LT

2: Network
Coprocessor

Ad Ad A

T 00
}

]
| -]

Up to two DDR3 subsystem(s)
per device:

* The first DDR3 subsystem
(DDR3A) supports up to 8 GB
memory addresses and is
connected to the CorePac(s)
through the MSMC.

* When present, the second DDR3
subsystem (DDR3B) supports up
to 2GB memory address and is
connected directly to the
TeraNet.

* Each DDR consists of a 64b/72b
EMIF controller:

— Supports 16-bit, 32-bit, and
64-bit modes .

— Operates at up to 1600 MT/s

— Supports power down of
unused pins when using 16-
bit or 32-bit width
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i

| Memory - -
E7ET 6MB | RSA  RSA
s DA
| DDR3a EMIF - S | Cc66x™
1 loords e v || | CorePac ||
7777777777777 (f!
32KB L1 32KB L1 |1}
PEEN R P t p-Cache D-Cachef |
:I 11024KB L2 Cache|
|« » 132KB L1 32KB L1|32KB L1 32KB L1
P-Cache D-Cache P-Cache D-Cache)
| | | ARM | ARW
A15 A15
R AMB L2 Cacho
T ARM | ARM
n A15 A15
32KB L1 32K L1|32K8 L1 32K8 L1
1 P-Cache D-CachelP-Cache D-Cache
/L MisCe"aneous5X 1-4 ARM Cores & 0-8 DSP Cores @ up to 1.4 GHz
\Quypmunk TeraNet
4 A A A A

<

I

External Interfaces

ﬂ?ﬂﬁﬂﬂﬂr :
Tl =z ¢

Multicore Navigator

Queue Packet
{' Manager DMA

YVvy V¥ l Y

7 00

i

2: Network
Coprocessor

v A4

;
/
il

T T

KeyStone Il Multicore Navigator

¢ Consists of the following:
— 2x Queue Manager
— Multiple, dedicated Packet DMA
engines
— 2xinfrastructure DMAs

e Provides seamless inter-core

communications (messages and
data exchanges) between cores, IP,
and peripherals. “Fire and forget.”

¢ Low-overhead processing and
routing of packet traffic to and from
peripherals and cores

e Supports dynamic load optimization
¢ Data transfer architecture designed

to minimize host interaction while
maximizing memory and bus
efficiency

e Supports up to 16K hardware

queues and 1M descriptors (32K
internal).
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KeyStone Il
Multicore Navigator Architecture

TeraNet

i

g

PKTDMA

QM1
TDMA

|| Link ||
= Qam2
PKTDMA
PDSP
1-8
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I
72.8it
[+ T"[ooR3b EMIF]

| =
7281t 6MB | RSA | RSA
‘__T’ aom |l | ceex™
|
|

CorePac

/L Miscellaneoussx

\QJH yperLink
I

32K L1 3218 L1 ||
e e t el
I [1024K8 L2 Cache) o
(e +—» P Cache D-Cocha|p-Cache 5 Cache .
| | [arm | Arm
A15 A15
AMB L2 Cacho
ARM ARM
[l «
—) A15 A15
[Em—), P-Cache O-Gachelp ache b-Cache

1-4 ARM Cores & 0-8 DSP Cores @ up to 1.4 GHz

TeraNet 41
WY A A

T

A
Multicore Navigator

I

v i v
1 I
External Interfaces ||| 10GBE E;';z:::l —[:
e A :

rve

|
Manager DMA
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R P

]
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E E 2: Network

| 3 Coprocessor

v A4

-
—
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—
-
-«
P

\
Ad

KeyStone Il Network Coprocessor (NETCP)

Consists of one or two Network
Coprocessor(s)
Provides hardware accelerators to
perform L2, L3, and L4 processing and
encryption that was previously done in
software
Packet Accelerator (PA)
— Single IP address option
— UDP (and TCP) checksum and
selected CRCs
— L2/L3/L4 support
Quality of Service (QoS)
Multicast to multiple queues
Timestamps
Security Accelerator (SA)
— Hardware encryption, decryption,
and authentication
— Supports IPsec ESP, IPsec AH, SRTP,
and 3GPP protocols
2x 5-port Ethernet switches (depending
on number of instances of NETCP) with
4-8 ports connecting to 4-8 SGMII ports
and one port connecting to the Packet
and Security Accelerators.
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KeyStone Il External

| |l (=
] e

T

I
1 loords - CorePac
o I PR .
—
e T
 ad ARM | ARM
A15 A15
4MB L2 Cache .
[, + ARM ARM
e A15 A15
C ] P-Cache 0-Gochelp-Cache D-Cache
/L Miscellaneoussx 1-4 ARM Cores & 0-8 DSP Cores @ up to 1.4 GHz .
<HyperLink TeraNet 41
{J 4 A A A A .

Multicore Navigator

-

v
of|S allel[=] <+ ||| 3-Port 5-Port Security °
S E ] o o| %[5 o || Ethernet | | Ethernet Accelerator
HIE 8|2 21[2||[[switch | | | switch .
o | Accelerator .

Manager DMA
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[eee 1o

E E 2+ Network °

»
10GBE
»| 10GBE

N
[

Coprocessor

-
—
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—
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Interfaces

8x SGMII ports support
10/100/1000M Ethernet through
1-2x 5-port Ethernet switch(es).
2x XGMII ports support up to 10G
Ethernet through a 3-port Ethernet
switch.

4x high-bandwidth Serial RapidlO
(SRIO v2.1) lanes for inter-DSP
applications

2x PCle at 5 Gbps

3x SPI modules with up to four
chip selects per module.

2x UART for development/testing
2x USB 3.0

3x 12C at 400 Kbps

32 GPIO pins

EMIF 16

Device-specific interfaces
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KeyStone Il HyperLink Bus

ce6x™
| CorePac
i
32KB L1 32KB L1
T Ny PR 4, FEREEL |
:I 11024KB L2 Cache|
A 8%
| | P b
ARM ARM
A15 A15
AMB L2 Cacho
ARM ARM
A15 A15
32KB L1 32K L1|32K8 L1 32K8 L1
P-Cache D-CachelP-Cache D-Cache
Miscellaneoussx 1-4 ARM Cores & 0-8 DSP Cores @ up to 1.4 GHz
\QHyperLink TeraNet <_+
4 A A A A
Multicore Navigator
v v l ."r ]
ol 3 el = 3-Port 5-Port Security
HIIRIEHIENEIE Ethernet| | | Ethernet Accelarstor
s g EE =: Es Switch Switch
w
BJ|°) 4 el A
o w W wi|w
had | |l 2+ Network
; Coprocessor
I ! NN

Provides Tl-propriety, high-speed
interconnects termed HyperLink.
Up to 2x HyperLink modules with 4
lanes each.

Provides the capability to expand
the device to include hardware
acceleration or other auxiliary
processors

Supports up to 12.5 Gbaud per lane
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KeyStone Il Miscellaneous Elements

Memory y— _
72Bit ove | ||
O o DU
| _ SRAM : ce6x™
72-8it
| | MsvC CorePac
—t ********* I 32KB L1 32K8 L1 |
PN P 1 t el
(1024K8 L2 Cache
[Boormon J«—» 240 2 Gachell”
Gl | | poopsmpeem b
]+ ARM | ARM
— A15 A15
AMB L2 Cacho.
PLL - ARM ARM
e A15 A15
32KB L1 32K8 L1|32KB L1 32KB L1
Coow ey | | FEmmamesze
Miscellaneons®™ 1-4 ARM Cores & 0-8 DSP Cores @ up to 1.4 GHz
@ypmbnk TeraNet <_+
4 A A A A
Multicore Navigator
& v l ,;"r
ol 3 el = 3-Port 5-Port Security
HIIRIEHIENEIE Ethernet| | | Ethernet Accelarstor
s g EE =: Es Switch Switch
[}
] & ERE
-] w [w w |
bl | |l 2: Network
; Coprocessor
I ! NN

.

ARM- and DSP-driven Boot ROM:

— €66x CorePacs support booting from SRIO,
PCle, 12C Master, 12C Slave, SPI, Ethernet, XIP,
and HyperLink.

— ARM CorePacs support booting from UART,
NAND, XIP, SPI, Ethernet, PCle, 12C, SRIO and
HyperLink.

— Support varies by peripheral availability
Semaphore module provides atomic
access to shared chip-level resources.
Secure Mode (1-time burn security key)
Power Management:

— Manages power- and clock-switching of

individual IPs and CorePac(s).

— Supports Dynamic Power Switching (DPS):

* Power-state hibernation modes 1 and 2
* Manages each C66x CorePac, each ARM
core, and/or the entire ARM CorePac

— Reset isolation capability on select peripherals

— SmartReflex Class 0 and Class 3
Up to 5 on-chip PLLs:

— One Main PLL

— One PLL for DDR3A

— One PLL for DDR3B

— One PLL for ARM CorePac

— One PLL for Packet Accelerator
5x EDMA controllers
20x 64-bit timers
Inter-Processor Communication (IPC)
Registers
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KeyStone Il Central Interrupt Controller

[ |
CorePac0 |+
C66x
_—
caetaet ]
——— (o I
CorePac2
C66x
———
| caepues [+
C66x
—}
| coremnes [
C66x
—’
| caspaes |*T]
Events — | < ol |
_—
CorePac6
Lo |-
CorePac7
———————| HyperLink

——————| EDMACCO

————[(Eowacci
| CIC2 | ———— [ EpmAce? |
—+[(EowWAGS |
—»[(EowAGoH |

Peripherals I » ARMATS |4
CorePac

| CICO

KeyStone Platform

Device-Specific Offerings
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Device-Specific: C6670 for Wireless Apps

Memory Subsystem

64-Bit
DDR3 EMIF

Debug/Trace
Boot ROM
Semaphore

Power
Management

PLL

x3

EDMA

x3

HyperLink

GPIO

’c

C6670

2MB

i MSM
SRAM

MsSMC

RSA RSA
x2
C66x™
CorePac

32KB L1P  32KB L1D
Cache/RAM Cache/RAM

1024KB L2 Cache/RAM

4 Cores @ 1.0 GHz /1.2 GHz

TeraNet
V) <
x R x =
o E & ° £e
g 3 982 25
4 < % i ?

SGMII
x2

Coprocessors
VCP2 x4
TCP3d | x2
TCP3e

FFTC x2
BCP

Multicore Navigator

Queue Packet
Manager DMA

Switch

Security
Accelerator

Packet
Accelerator

Network Coprocessor

Device-specific Coprocessors:
e 2x FFT Coprocessor (FFTC)

e Turbo Decoder/Encoder
Coprocessor (TCP3d/3e)

e 4x Viterbi Coprocessor (VCP2)
e Bit-rate Coprocessor (BCP)

e 2x Rake Search Accelerator
(RSA)

Device-specific Interfaces:
* 6x Antenna Interface 2 (AIF2)
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Device-Specific: C667x General Purpose

Memory Subsystem

64-Bit
DDR3 EMIF

Debug/Trace
Boot ROM

Semaphore
Power
Management
PLL

EDMA

HyperLink

EMIF 16

x3

x3

GPIO

1’c

I MSM

c66x™
CorePac

32KB L1P  32KB L1D
Cache/RAM Cache/RAM

512KB L2 Cache/RAM

1 to 8 Cores @ up to 1.25 GHz

TeraNet

] ™3 -
x - X x gc

[ =)
@ a|l O o3
S < o 2= £3
o o 204 =h
o [ w w

SGMII
x2

C6671/C6672

cesraiceers  Device-specific Interfaces:

Multicore Navigator

Queue Packet
Manager DMA

Switch

Security
Accelerator

Packet
Accelerator

Network Coprocessor

e 2x Telecommunications Serial
Port (TSIP)

e Asynchronous Memory
Interface (EMIF16):
— Connects memory up to
256 MB
— Three modes:
e Synchronized SRAM
¢ NAND flash

¢ NOR flash
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Device-Specific: C665x General Purpose

32-Bit
DDR3 EMIF

Boot ROM

Semaphore

2nd core, C6657 only

G

C6655/57

Device-specific Coprocessors:

e Turbo Decoder Coprocessor
(TCP3d)

e 2x Viterbi Coprocessor (VCP2)

Coprocessors

Device-specific Interfaces:

e Asynchronous Memory
Interface (EMIF16)

¢ Universal Parallel Port (UPP)

e 2x Multichannel Buffered

Multicore Navigator

Queue Packet
Manager DMA

Serial Ports (McBSP)

C66x™
CorePac
Key Manage:
Management] 32KB L1P | 32KB L1D
:
x2 1024KB L2 Cache
10r2Cores @ up to 1.25 GHz
lyperLink TeraNet
B IR
© Ethernet
=0 la o
Lz g @ g z 2 e 9
= o> 9 oo K
w =1 = o ®n

SGMII

Device-specific Memory:

e 1 MB Multicore Shared
Memory (MSM SRAM)

e 32-bit DDR3 Interface
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Device-Specific: C665x Power Optimized

Memory Subsystem

32-Bit f
DDR3 EMIF

Fmm———m———

Boot ROM

Semaphore
Timers

Security
e 9

Power
Management]

Cc66x™
CorePac

32KB L1P  32KB L1D
C:

]

LI

F

X
N

1024KB L2 Cache

X o
5
g

= &

5

H 3

@ 2

° ©

1 Core @ 850 MHz

TeraNet

EMIF16
GPIO
uPP

x2

12C
UART x2
SPI
McBSP  x2
PCle

C6654

Multicore Navigator

Queue Packet
Manager DMA

Ethernet
MAC

SGMIl

Device-specific Interfaces:

¢ Asynchronous Memory
Interface (EMIF16)

¢ Universal Parallel Port (UPP)

e 2x Multichannel Buffered
Serial Ports (McBSP)

Device-specific Memory:

¢ 32-bit DDR3 Interface
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KeyStone C665x: Key HW Variations

HW Feature C6654 6655 |  C6657
CorePac Frequency (GHz) 0.85 1@1.0,1.25 | 2 @0.85,1.0,1.25
Multicore Shared Memory (MSM) No 1024KB SRAM
DDR3 Maximum Data Rate 1066 1333
Serial Rapid 1/0 Lanes No 4x
HyperLink No Yes
Viterbi Coprocessor (VCP) No 2X
Turbo Coprocessor Decoder (TCP3d) No Yes
Network Coprocessor (NETCP) No No
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KeyStone Il Part Numbering

(_) 66A K2 H

PREFIX Q

X = Experimental device
Blank = Qualified device

DEVICE FAMILY
66A = DSP + ARM SoC

ARCHITECTURE
K2 = KeyStone |1

PLATFORM
H

() Aaaw (1) ()

L DEVICE SPEED RANGE
Blank = 1 GHz
2=12GHz

TEMPERATURE RANGE
Blank = 0°C to +100°C (default case temperature)
A = Extended temperature range
(-40°C to +100°C)

PACKAGE TYPE
AAW = 1517-pin plastic ball grid array,
with Pb-free solder balls and die bumps

SECURITY

DEVICE NUMBER
12

SILICON REVISION
Blank = Initial 1.0 silicon

Blank = No Security Accelerator / No SOC security
X = Security Accelerator enabled
D = Security Accelerator and SOC security enabled
with Tl developmental keys
S = Security Accelerator and SOC security enabled
with production keys
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K2H Compared to K2E

3 g - = )
g = o
a | ] s S = E (C] 3 <
£ [72) - =] v > 2 n|l g - - o - <
5 |2 |< S 08 |88 mZltE s ® | 5| XS
(82| 32 |25 |33 /8%5/85(8<(a|8/2|8/8
z |8 |< S5 £2 |23/ 8° b3 |lba/B8 252D
K2E | Ox | 1x | ARM =14 2 8K 1x 1x 1x 2x | Ix | - | 2x | 1x
to to DSP=1.4 to
1x | 4x 2X
K2H | 4x | 2x | ARM =14 6 16K | 2x 1x Ix | Ix|2x| 1x | Ix | --
to | to DSP=1.2
8x | 4x
i3 TEXAS INSTRUMENTS
L] L] L]
K2H Platform Device Variations
riT"ﬁT“"E 777777777 — The K2H platform has two variations:
ook | et * 66AK2H14
4—7-10 S — 8x C66x CorePacs
_____________ — Quad-ARM A15 CorePac
= I — 2x Queue Managers support up to
[ BootRom ]+—» S2KB L1328 L1[32K8 L1[32K8 L1 t 8x 16K queues
[(semsprore Jo—» ARM ARM — 1x 5-port Network Coprocessor
[ | At (NETCP)
ARM ARM — 1x USB3.0 to support solid state
PLL
P A15 A15 drive

5x 52KB L3388 L1 32KB L1 32K 11

< 8 C66x DSP Cores @ up to 1.2 GHz
5x

4 ARM Cores @ up to 1.4 GHz

<~Hv

TeraNet

’—'T A A A nt’
( v 1 \rr

Multicore Navigator

Queue Packet
Manager DMA

EMIF16

<
<+
&

1

2x UART
3x SPI
SRIO =4 |J¥
.
-
e

PCle x2

Switch Switch —[Im
i

-~

—
o
P
]
«—
—
]
]
]
pa

— 1x 3 port 10GBE Switch Subsystem
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K2H PIatform Device Variations

BAKEHIZ

Ce6x™ |
CorePac |||

|
1 t’ 1024KB Lz Cacho |

32KB L1 32KB
P-Cache D-Cache|

D AT
Cosamon J+—» B
mrrpemmmen 1,
ARM | ARM
> A15 A15
4MB L2 Cache
PLL ARM ARM
=] Mg A15 A15
[eowa | * JiKe L se L ks L aks L u|
< P-Cache D-Cache|P-Cac! Sache]
5>< 4 ARM Cores & 8 DSP Cores @ 1.2 GHz
<€< HyperLink TeraNet
A A

Y
T. Multicore Navigator

L

—* [ Queue Packet
r DMA

v v v
o = 5-Port E
|| ™ = 5 ecul my
HIEIERIEIEIE Ethernet “‘W“"’W"’
HIEINIE S Switch
HIRIGHE I MIE cm
© o [ 3 Ancalara!nr

Network
Coprocessor

The K2H platform has two variations:
* 66AK2H14
— 8x C66x CorePacs
— Quad-ARM A15 CorePac
— 2x Queue Managers support up to
16K queues
— 1x 5-port Network Coprocessor
(NETCP)
— 1x USB3.0 to support solid state
drive

— 1x 3 port 10GBE Switch Subsystem
* 66AK2H12
— Scaled-down version of 66AK2H14
— 10GBE interface is NOT available.
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K2H Platform Device Variations

GRS

#[Dobug & Trace | +—»
Boot ROM | 4—»

ce6x™ |
CorePac |

4x

32KB L1 32K8 L1
t P-Cache D-Cache|

1024K8 L2 Cacho|
o P-C:

4MB L2 Cache

2 ARM Cores & 4 DSP Cores @ 1.2 GHz

« HyperLink

PN

TeraNet

L

A A

A
T. Multicore Navigator

Queue Packet
r DMA

v v LA 23R ]

© % ollellEllz| 5-Port Security

L ||l <]||a Ethernet Accelerator

HIEIBIEIEIIE Switch

allz (=3l Packet
© iy 5 # : Accelerator

Network
Coprocessor

The K2H platform has two variations:
* 66AK2H14
— 8x C66x CorePacs
— Quad-ARM A15 CorePac
— 2x Queue Managers support up to
16K queues
— 1x 5-port Network Coprocessor
(NETCP)
— 1x USB3.0 to support solid state
drive

— 1x 3 port 10GBE Switch Subsystem

* 66AK2H12

— Scaled-down version of 66AK2H14

— 10GBE interface is NOT available.
* 66AK2H06

— Scaled-down version of 66AK2H12

— 4x C66x CorePacs

— Dual-ARM A15 CorePac
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K2E Platform Device Variations

] e
[ -
[ ]+
[ ]+

PLL >
T
:('P

TR LSR8 L1K0 LI 30 L
Cache
ARM ARM
A15 A15
4MB 12 Cache
ARM ARM
A15 A15
378 u‘ S7HB L1 37K L1 3268 L1
PCache|D - o

-

ARM Cores @ up to 1.4 GHz

AVERZEL

The K2E platform has four variations:
* AM5K2EO4

First ARM-only TI multicore device
Quad-ARM A15 CorePac

1x Queue Manager supports up to 8K
queues

1x 9-port Network Coprocessors
(NETCP)

1x 3 port 10GBE Switch Subsystem
2-port PClex2

Telecommunications Serial Port (TSIP)
2x USB 3.0 to support solid state drive
No SRIO

e
«——»| GPIO =32

D
D R

«—t—»| 2« USB 3.0 |«

éy perLink TeraNet 41
T b 1 Multicore Navigator
Q
|
r v r’
l l Network Coprocessor
L Y 3-Port 9-Port p| security
& efl - || || Ethernet Ethernet [—— | Accelerator
=l el al| 2| Z]]| o|||LSwitch Switch Packet
g 'u__: ol|:112]|> "_’ (E I ¥ Accelerator
é‘,”&a”& P2 A A A A
LTI
N A AR
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K2E Platform Device Variations
iAot ===, == The K2E platform has four variations:
Memory Subsystem s I
,__:’ooya;ﬁ;w < > : — * AM5K2EO4
I g _vsmc_ | — First ARM-only Tl multicore device
b — | S —— 4 — Quad-ARM A15 CorePac
R g AT g — 1x Queue Manager supports up to 8K
[Cecotrom Jo+—s queues
— — 1x 9-port Network Coprocessors
Securs Mode | 4—+ (NETCP)
[otmrens |+« i 3 e — 1x 3 port 10GBE Switch Subsystem
J:r:rsd ’2’:2" — 2-port PClex2
=T SHEL] 3300 U [RB LSR8 1 — Telecommunications Serial Port (TSIP)
TN hig 2 ARM Cores @ up to 1.4 GHz — 2x USB 3.0 to support solid state drive
<{: o T ‘1 — NoSRIO
lyperLin| eraNef
* AM5K2EQ2
4+ Multicore Navigator .
Susoe | [Packet — Scaled-down version of AM5K2E04
I — Dual-ARM A15 CorePac
v .
1 ECo — 10GBE not included
= a 9-Port »
. - ™ Ethe:nel 5] Roeiornior
e o ezl s Switch "
| EIES IR IEETRIE T
& <|]e ‘_;L‘_'ﬁ_'_;_i
o~ &
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K2E Platform Device Variations

I~ MemorySubsystem [ ——u ||
I T2 8t < - | CGS ™
<] X
| |oDR3 Enr| SR— | CorePac
| | MSHC | -
b ———— 4 Jazxe Lifazee | T T
“—1b -~ -
) b 512KB L2 Cache
-~
m [32KB H‘HKBH 32K8 Uléml
Secure Mode |4—» ARM ARM
A15 A15
ARM ARM
PLL -— A15 A15
3x T e L e
= T 1 C66x DSP Core @ up 1o 1.4 GHz
5 4 ARM Cores @ up to 1.4 GHz

TeraNet

<1}'D€rLink
A L

ry

'y r s L

11

Multicore Navigator

1rl v

Queue || Packet
r. Manager DMA

11

A
o
|8 -
HIBIHIS @
HIEIHIE g
w||e N
© ~

<+

Network Coprocessor

Security
Accelerator

3-Port
sl o E;hg:n:l
||l witc

< o
= m 14
=
& "

&

Packet
Accelerator

IR

.

bl

The K2E platform has four variations:
* AM5K2EO4
First ARM-only TI multicore device
Quad-ARM A15 CorePac
1x Queue Manager supports up to 8K
queues
1x 9-port Network Coprocessors
(NETCP)
1x 3 port 10GBE Switch Subsystem
2-port PClex2
Telecommunications Serial Port (TSIP)
2x USB 3.0 to support solid state drive
— NoSRIO
* AM5K2EQ2
— Scaled-down version of AM5K2E04
— Dual-ARM A15 CorePac
— 10GBE not included
* 66AK2EQ5
— Same as AM5K2E04 with a single C66x
CorePac added
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K2E Platform Device Variations

eeazEn

J
[4—r[octug e Troco | 4—>
[ scotrom |+—»
[Semaghors ] +—»
AMB Lz Gache Ce6x™
[[Secure Mode |4+—
ARM CorePac
| | |2
3258 L1]32KB L1 32KB u‘nxau
PLL —
3x 512KB L2 Cache
m L. d 1 C66x DSP Core and 1 ARM Core
? 5x @ up to 1.4 GHz
é:yperLink TeraNet 41
A
1 4+ Multicore Navigator
- “Sian
Manager|| DMA
v
Network Coprocessor
v
- 9-Port |  security
o =] ] Ethernet §¥| Accelerator
ef(# o] =1z < switch | |
HINIHIRIEIBEHE B E witc o] Packet
HIEIHIEIAEIE Hd I Accelerator
HiEIHIRIEIMIBIE 4
[C] Sl & I

-t
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The K2E platform has four variations:
* AM5K2EO4
— First ARM-only Tl multicore device
Quad-ARM A15 CorePac
1x Queue Manager supports up to 8K
queues
1x 9-port Network Coprocessors
(NETCP)
1x 3 port 10GBE Switch Subsystem
2-port PClex2
Telecommunications Serial Port (TSIP)
2x USB 3.0 to support solid state drive
— NoSRIO
* AM5K2EQ2
— Scaled-down version of AM5K2E04
— Dual-ARM A15 CorePac
— 10GBE not included
* 66AK2EQ5
— Same as AM5K2E04 with a single C66x
CorePac added
* 66AK2E02
— Same as AM5K2EQ2 with a single-
ARM A15 CorePac and a single C66x
CorePac added
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KeyStone | Compared to KeyStone I

IP block KeyStone | KeyStone Il
IARM Cortex-A15 core No 14X
MSMC \Verl.0 \Ver2.0
DDR3 EMIF (64-bit) 1x 2x
MSMC SRAM 2 Mbytes 6 Mbytes
[DDR3A memory (max) 18 Gbytes 8 Gbytes

2 Gbytes (for ARM and DSP cores;

PDR3B memory (max) No 512 I:I/Ibyt(es (system masters) :
IARM Boot ROM No 256 Kbytes
IOTP memory No 14 Kbits
[Queue Manager Subsystem + PKTDMA 1x 12x
EDMA3CC 3x I5x
EDMA3TC 10x 14x
HyperLink 1x4 2 x4
10 Gigabit Ethernet (10GBE) No 1x2
UART 1x 2x
ISPI 1x 13X
12C 1x 3x
IGPIO 1x 16 1x 32
[Timer64 8x 20x
USB3 No 1x to 3x
PLL controller + On-chip PLLs 3x 5%
IARM Subsystem ETB (16 KB) No 1x
DSP TETB (4 KB) l4x 8x
[Tracer 16x 32x
MPU 6x 15x
Security Manager No 1x
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For More Information

* Device-specific Data Manuals for the KeyStone SoCs
can be found at Tl.com/multicore.

* Multicore articles, tools, and software are available
at Embedded Processors Wiki for the KeyStone
Device Architecture.

* View the complete C66x Multicore SOC Online
Training for KeyStone Devices, including details on
the individual modules.

* For questions regarding topics covered in this
training, visit the support forums at the
Tl E2E Community and Deyisupport website.
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Tl Catalog Processor IDH & Solution
Introduction
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Vanelife Platform

Dozens of 3™ party industry
application products integrated,
include Security, Power,
Electric appliance, Healthcarey ..
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Vanelife REFABES

Features :

>3 #5 i0S , Android

bgvar = R

>EHEE —REE  BREN
> BREmE

> REUEIEE | ot IRE
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Vanelife RUEHFFIE & it

v ENFSE=FHN =+ FarrEigN
v SEEEY KeeBHGF

v =-Fa-%in-PCBA-BOM RIEHIEATST\
v BERETRE , SAEF

v BRENE

v BTG
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Embest

i3 TEXAS INSTRUMENTS

About Embest

Embest is a leading global solution provider for easy-to-use development tools,
industrial control boards and design services based on the ARM Technology.
The products and design services will make electronics development faster and
more reliable, so that customers can save development time and process and

improved product quality with an obvious cost down.

Embest was established in China since year 2000, with 150 staffs now,
among them there are 80 experienced engineers in software, hardware design
and testing. The company was acquired by Premier Farnell in June, 2012, a
listed company in UK with a history of more than 70 years in electronics

distribution business. Embest is the strategic partner of ARM and TI.
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Embest products based on Tl Technology

element14 BeagleBone Black(Rev C)

Based on TI AM3358 ARM Cortex-A8 processor,
1GHz, 512MByte DDR3, 4GB eMMc with OS
Debian7.4

SBC8600B

Core board based on TI AM3359 ARM Cortex-A8
MPU @720 MHz, 512MByte DDR3 SDRAM,
512MByte NAND Flash

Devkit 8600

Evaluation board Based on TI AM3359

ARM Cortex-A8 MPU @720MHz,

512MByte DDR3 SDRAM, 512MByte NAND Flash
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Design Service

Embest provides comprehensive services to specify, develop and produce products and help
customer to implement innovative technology and product features. Progressing from prototyping
to the final product within a short timeframe and thus shorten the time to market, and to achieve
the lowest production costs possible.

Embest provides customized design service based on Tl technology for global customers. Embest
can help customer on:

* Design files

* Image files

* Software source codes

* Relevant documents

* PCB/PCBA

Contacts of Custom Services::

globalsales@embest-tech.com
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Serial Design

i3 TEXAS INSTRUMENTS

Tl Cortex-A8

SD-AM3358-EVM/SD- AM3358 SOM

Ethernet##% 1. 24>, TJk
LCD#11: 14, 16/24bit
RS232#:11: 24~

RS485#:1: 14~

CANfH: 11
USB HostfI1:
USB OTGH:1:

1
"

Linux
Linux v3.12.10
AM335xSDK 07_00_00

MMCH:H: 24
ADCH:H: 41, 12bit
RTC: 14

JTAGH:H: 114>, 14-Pin
GPMC& 2k 1: 11, 8bit
AhEHEE: UART. SPIL
McASP. 12C. PWM

Android

Android Jelly Bean v4.2.2
Linux Kernel v3.2

SDK: v4.1.1

Starterware
V2.00.01.01

TFRERGEE

TFRFRGHWMRE, WHREEm, TR E

Tk i st

SCFFTIA R 5|DSP. ARMALEE 28
7 FkCode Composer Studio v4F1LL iR A

e,

- ;
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TI AM335xZ %1t

HMI : FBEEBIRIPAR, vl R4, SURLEDIS Hl%%
EPOSHL : P& (BB , aRA&W CER/EFL)
BT : BT, IR, i
BRERE - AouEma, Bee iy, 18RS
KABER UK, Yokbl, 2, HokeassE

HPA= M . GPS, PDA, PAD%

Tolbded : PLC, HLEEAN, THHL, TALPLKM, 3HE R,
12 Bh il iR %

WAL BNRGEHIIR
(SOM)
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Forlink
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ASHIMERE % ARMORYINE
WEBRAVEF TISIH AS HAERAINT

SBARIE TIRFAIR——OK335xS-II

BE{43D

EREE

-40°C~+85°C

IETRE

800MHz | {1600
£z ]

Dmips

| Cortex-A8 TI AM33544bER38

| S8, MRORS , &0

| MTRFFSHR , E(FRRE-40°C~+85°C
TR e smamme

Linux My Wince
| APSETR l'U BFATH

T?J%iﬂ‘zgs 7T

i3 TEXAS INSTRUMENTS

Wl WRiEAL

FORLINX EMBEDDED

Forlinx%& i #% A\ 3\ g 204F

ARMBZLIESIRFHRIEER  RABRAOZEWIRME
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Witstech
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FA R JLRER SR IR A #
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JURERHB AL E M A ER AT (TD EN BT G 3T KIESFEIRN RIS &1,
FRIDFIHEH T 5T DM3730F1AM335 HIERIE T R & . 1% &Mk e sl Ax
LR PRI T DB iR &, BEeR)E, ROk,

IR AR, BRI AR CERIAIIOEE K. JURERHEK DR AR, AN
MEZE, Feor-fEBhamt, EECWIEE, ST~ RMAEEWE, 758 & IR
TR
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7 R A
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BT AM335XF e ¢ ity £ AR

FFAM3I3ISX AL I I F 4R

o Hudhb: PR TTRMEX A4 546 F KE1803=
« Hi%: 025-83115162

* Email:support@jiunengtech.com
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EMA SOM335x 1 0o i

SOM335x 22 T TI AM335x R 51| AL EE 2% AR THFE IR A RAZ O . AL
beagle boneZsfbith, T HEM Mk, Fiaw, RFEEEE;

| Tkegrigit, TARRE-A0C~8SC . B E RS, T TR

AL~ 5 2% () Linux 3.2 + QT4.5+SQLite.  TZAndroid 4.0 % 4i 32 ¥
EMA AL Z FIRAZ O, EERRHE KN F;
- ¥ i .,- ug " [

D, U, W, —
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T AM335x ) T 2% FHHMI3Z35x

LT SOM335x 1% o, JEILEMC/EMINN, fopiA. TRIhFE. Thits4a

9~ 24VEi IR I\, BeEHMI v % B 1 1: CAN. RS485. RS232

Y HFLinux3. 2 + QT4.5 + SQLite®{F 7%, XAndroid4. 0 + EMA-10J/7 &

BARVZEBI: S P S A g . TOIHME BRAT SR AT Bh 2o

LCD&RTC
Touch Panel | Boot Switch MIC&SPK 4xADC | UART

WIFI ’
= J1AG

SD Card

RS232 txpansinn
=1 onnector

RS232

USB Host | 1000M ETH R5485 CAN Power
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SOM335x Androidi 14 - EMA-IO

> EMA-10 Android RGtH A, 80 T FrifEAndroid RS BT 1
PR, 45 B 2 U 1) S 2 B 44 OIS . ITTHEAR T Android R 4E
18 & AR R 25 R TH

> brifE Android RZAENNF EMA-10 J5, B HFEF R 5 ik 7] B i) g A
SEPL, BT 22 4 M Us 1) BT 75 K2 W, NPT RETT R A .

» EMA-T0 JH25CAN. GPIO. 12C LKz &% KA T-UARTHI 44 o

Android,Application

1
Android,HAL
1

Linux,Kernel

i

Hardware
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Embedsky
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StrongKiwi

i3 TEXAS INSTRUMENTS

StrongKIWI Product

- Cortex — A8 Core Board B A
SHB AM3352AZCZ100 ARM Cortex-A8 321 RISC #5038
To be the authorized 3" design B3I SGXS303D (SHMMESER)

SDRAM 1Gbits DDR3

party of Tl, StrongKIWI released the
core board with the Cortex-A8
minimum system.

FLASH 1Gbits NAND

ARM® Cortex™-A8

.

BB KA
T EAE A
Beaglebo
ne Black

7")(: /i\ i&r‘? o ﬁmm
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StrongKIWI’s Service

: -
P —

BRIS - Marketing@strongkiwi.com

BEZEOR OO

42x42mm

Cortex™-A8 (AM335X)
NAND Flash 1Gbits

DDR3 SDRAM 2Gbits
TR S FF 8opinsX2
PMIC(TPSB5217C)

— 1) TRGHTHRSE | WAL
R TR AR TRARTER
TI SB=EERRHUS - FRM@igit. ece
et EEIRA S ( StrongKIWI ) HRAENT] BROENPERF
EBiE : 010-67857759
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Beijing Assem Technology LTD.,Co.
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Beijing Assem Technology LTD.,Co.
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ENEA
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*  Enea (ELRE)E EERGUC AN IR 0E R, 1968 fE 5 LA, 19894F LT,
TR TT REFE: 2RO RTOSHM & /A RIB I [ E(IPC). CGLSE LinuxZE

o BN HEuE. FHiIA. B, BRI, ISR, MRS,
& It & X4 T £ #% DSP/SoC(
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C6678/K2/66AK) BEE N mERE MK K&, BfE:
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Nokia Siemens o 3= e POevIO
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- RTOS, F[E#F, TR

e

1. XTI KeyStone Multicore Navigator /it {4 [/ OSEck 5

Application I 24t .
2. EEO AR A IE TR A PR 2 R (A) 58 TS R — LINX IPC

v DSPPI#%IA] LINX CDMAJB .
v DSPIal/#RE[ELINX Rapid/IOi&if(MessageIDIO)
v DSPIE]/HE A AILINX Etherneti@ il

3. BRI ARAGIBSPIKE), fLHECDMA,
Ethernet, Rapid/IO% .

4. DIO fEPEAESRIOE AL

S O 5. wPEAEYIDSPNet TCP/IPTML
m  OSEck® [ TH*TI CE6HE ALY 6. Shell Jii/ Jtifi
T 7. R UDPELIR AL I 9 4 Insd AR PR B — PFL.

8. RGHLJE /I T H —Core Dump
9. Eclipse RGN TH — A{E. CPU Profile®.

10. Log Analyzer- B2k H B 04 T. A
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> AM1808IRHEZ IR

ARMO26EJ-SW %, fixim L4k
F456MHZ. A0 H
128MB[#IDDR2. 256MBI[#)Nand
Flash,

> AM335ximEZOHR

Cortex-A8 K%, i Ak %
720MHZ., AAZ O 256MB
¥IDDR2. 256MBfJNand Flash.
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EA > > BEatHMIS REiE

HMI-275RiR

F@EN

A%T75 ZE 1) H PAE T 2 B R A
e RIBSR S H R, TR
HIANLA B T ER . A AM335X
ABMLFEAS, A Androidd.2. 28k R4t
» BCE10M R BrE A MEL, Es
R AR AL SDK AT LA (B vt 2
RESR K ARG B AP, [ Fil
Bwifi. DUKMEEREM, TR Sk
EESINIINR

PERERF R

> Android4.2.2#:1E R4t

» 1GHz cortex-A8 cpu

> T 1#5USB hosti&EUFf11/1NOTGHE: M

» 100M/1OMELKIM . WIFI802.11 b/g/n

> Y Fp6A4uart, CHFFSPI. CAN. i2ciZky R
> SRS Bt R TR

BASH

EANRBE: 5V-42V

BIERS: Android4.2.2

AhIESE: AM3358(1GHz Cortex-A8)
Z{TN7E:512MB DDR3

>  BRERE: 7inch 800%*480 1670/K & AR
Tl main device

YV V V V

AM335X
TPS65910
TLV320AIC3106
Business Model

»  system solutions
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Advantech

i3 TEXAS INSTRUMENTS

Advantech Products for HEVC Encode & Decode
(w/ SMPTE 2022 & SDI-3G Input)

Product DSP-8681 DSP-8682 DSP-8683 DSP-8684 DSP-8685 DSP-8901 HVS-9600

Picture B ;
2
DSP Core C66x x32 C66x x64 C66x x16 C66x x32 C66x x32 C66x x160 C66x x160
ARM Core - - A15 x4 A15 x4 A15 x4 - A15 x80
38 1080p60 4Kp30 1080p30 1080p60 1080p60 4Kp6O 4Kp120
Encode p p P p p p p
REYS 4Kp60 4Kp60 x2 4Kp30 4Kp60 4Kp60 4Kp60 x5 4Kp60 x5
Decode p p P p p p p
SDI-3G - - In/Out In/Out - - -
HDMI - - In In - - -
SMPTE ) ) ) ) 10GbE ) 10GbE
2022 In In
1GbE 1GbE x2 1GbE x2 1GbE x2 1GbE x1 10GbE x2 10GbE x20
Gen2 x8 Gen3 x8 Gen2 x2 Gen3 x8 Gen3 x8 - -
54W 110W 40W 70W 70W 300W (TBD)

i3 TEXAS INSTRUMENTS

79




DSPC-8683/8684 KeyStone-2 PCle Card Use Case
(HEVC Video Acquisition, Encoding & Streaming)

Encode

uSB
“_:_ —

f/ﬁ, Ethernet
—

e
l

SDI-3G

i3 TEXAS INSTRUMENTS

DSPC-8683/8684 KeyStone-2 Standalone Use Case
(HEVC Video Acquisition, Encoding & Streaming)
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DSP-8102 PCle Card for Machine Vision
(Intelligent Frame Grabber w/ KeyStone-2)

® Tl KeyStone-2 (12-core) x 1
— 4x ARM Cortex-A15 cores
— 8x C66x DSP cores
® Tl KeyStone-1 (8-core) x 3
— 8x C66x DSP cores
Xilinx Kintex-7 reprogrammable
FPGA
Dual-Full Camera Link input
GbE & USB3 connectors
Full-Length PCle card (8-lane)
Include video analytic SDK
Target applications including
— frame grabber
— machine vision & analytic
— computing acceleration

i3 TEXAS INSTRUMENTS

DSP-8102 PCle Card for Machine Vision
(Intelligent Frame Grabber w/ KeyStone-2)

1~4 KeyStone Devices
(w/ quad ARM Cortex-A15s)

r—————r————————

r= T e

e

Industrial Camera Interfaces
(Including Camera Link, USB3 & GigE)

i3 TEXAS INSTRUMENTS
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DSP-8201 OpenVPX 3U KeyStone-2 Blade
(High-Speed Signal Processing)
® TI KeyStone-2 (12-core) x 1
— 4x ARM Cortex-A15 cores
— 8x C66x DSP cores
® 1/10 Gigabit Ethernet, Serial
RapidlO, PCI Express and HyerLink
backplane interconnection
® |PMC support
® Target applications including
— mission critical
— defense

i3 TEXAS INSTRUMENTS

Lauterbach
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Lauterbach = 34 Years of Confidence

» Worldwide market leader for hardware assisted debug tools

» Founded in 1979 by Lothar Lauterbach

» Headquarters near Munich in Germany -

» ~ 120 employees, ~ 150 MS$ revenue in 2013

» ~ 100,000 installed debuggers

LAUTERBACHI‘
DEVELOPMENT TOOLS

i3 TEXAS INSTRUMENTS

Powerful Hardware Options

PowerDebug Il PowerTrace Il

T Ty -
PowerDebug Il + PowerTrace Il ' b

i3 TEXAS INSTRUMENTS
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Thank You!
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Tl Keystone Il ARM Subsystem
Intro

KeyStone Training

%ip Texas INSTRUMENTS

Tl Keystone Il ARM Subsystem

Introduction
* ARM Overview and Basics

— ARM Architecture and Categories
 ARM Cortex-A15 in Tl Keystone Il Devices

- Software Provided of Tl Keystone Il ARM Parts

%ip Texas INSTRUMENTS
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TI's ARM Products

+ Best performance efficiency v
* 2x DDR3/3L-1600 memory

ARM Cortex™ + Integrated packet processing ﬁ
Keystone Processors + Best-in-class interconnect
Up to 5.6GHz Cortex-A15

T * Touchscreen control
* Graphics engine
Up to 1.35GHz Cortex-A8 * Industrial communication
protocols
* Ancroid and Linux support

High Performance

oD B

ARM Cortex™

* Starting at $4
Hercules™ Safety MCUs * IS0 26262

Up to 220MHz Cortex-R4 *|EC 61508

+ Flash 256KB to 3MB

e

ARM Cortex™

C2000™ C28x + ARM ’ » Starting under $7
+ 256KB of RAM,
upto 1 MB Fash

Tiva™ C Series MCUs + Control + connectivity
’ + C28x CPU

Up to 150MHz Cortex-M3

Up to 120MHz Cortex-M

De Bix--

Low Power

Tl Informaion — Selective Disclosu 4 ingsttal| 4 Heath&Fimess [ Corputing (g Tansportaton | ') Penewable vy & Smant G
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Tl Keystone Il ARM Subsystem

Introduction
* ARM Overview and Basics

* ARM Cortex-A15 in Tl Keystone Il Devices
— Cortex-A15 Features in Tl Keystone Il Devices
— Basic Benchmark Comparison
— Interconnections and Buses
— Memory Architectures
—ARM Interrupt Sub-modules
— SoC Boot with ARM Master
— ARM Communication with DSP

» Software Provided of Tl Keystone Il ARM Parts

Tl Information — Selective Disclosure
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Why Cortex-A15?

Wild Application Fields
High performance computing
Low power server
Wireless infrastructure
High-end digital home
Mobile computing

Advanced Architecture
Full ARMv7-A Architecture
Instruction Set
Up to 4MB low-latency L2 cache
Up to 1.4-GHz Processor Core
Speed
AMBA 4.0 AXI ACE Master Port
Support NEON, VFP V4, and
Thumb V2

Open Software Ecosystem
Linux and Ubuntu

Java SE, Java FX

Android

Microsoft Windows Embedded

Popular Features Support
Up to 4 Core SMP
Support LPAE for more than 4GB
DDR3
Virtualization support for virtual
machine
Trust Zone support with Monitor
mode
Java and Jazelle environment
support

Cortex-A15 Features in
Devices

» Cortex A15 MPCore processor

— Cortex A15 MPCore version R2P4,
one cluster

— Standard ARM v7-A architecture

— Full support of Trust Zone and Virtualization

features

— Multi-issue, out-of-order, superscalar pipeline
— Dynamic branch prediction with BTB and GHB,

a return stack, and an indirect predi
— Per core NEON (SIMDv2) and VFP
— L1 instruction and data cache of 32

word line with 128 bit interface
— Integrated L2 cache up to 4MB, 16

Tl Keystone I

1.2, 4 cores in Cortex"-A15 MPCore

Generi nterropt Controlsnd Ditrbusion

FPUMNEON FPUNEON | FPUNEON | FPUNEON
Duafogre  Dwgne  Diafgoe | Duafngoe
Iteger CPU || loger CPU ||| veger CRU | | Ioger U
Vel O ||| Ve ||| vslom | | el

11 Caches
wih ECC

U Caches.
it ECC

U1 Caches
with ECC.

1 Caches
with ECC

Snaop Conerol Unie (SCU) o L2 Cache

ctor
(VFPv4)
KB, 2-way, 16

-way, 16 word line, 128-bit

interface to L1 along with ECC/parity
— 128-bit AMBA4 AXI with ACE protocol, 32-bit APB

Tl Information — Selective Disclosure
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Flexible Configurations in Tl Keystone I

Devices -
i —— [
— 281 —> :: Ceox™
T _ s ||| Cove)I(’ac
resa el el
Keystone Il Multicore DSPs = [ Wy |
1 Cortex - | 2 Cortex - | 4 Cortex - gl N 735555 BN
A15 A15 A15 e | AR AR
0 [ ARI.: um;RM .
TMS320C66x AM5K2E02 | AM5K2E04 | | d)er| | ks | ks |
v e o M
2« HyperLink TeraNet
TMS320C66x |66AK2E02 66AK2E05 oo T T3] —
D S P Multicore Navigator
— . Queue Packet
4 17 | [ Manager || DMA
TMS320C66x 66AK2H06 T VW o
DSP Ethernet | | Ethernet || “S‘«"V‘::"”
° b olle E ||| 2L Switeh Switch
8 eeAk2H12 | 5[l sl & 2
TMS320C66x BOAKZH14 8 (3111 ° (1 EE EEE
- Network
DSP FETTTTT] B
| \ | oo
TI Information — Selective Disclosure v v v v l v v l " ‘!
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Tl Keystone Il ARM Subsystem

Introduction
* ARM Overview and Basics

* ARM Cortex-A15 in Tl Keystone Il Devices
— Cortex-A15 Features in Tl Keystone Il Devices
— Basic Benchmark Comparison
— Interconnections and Buses
— Memory Architectures
—ARM Interrupt Sub-modules
— SoC Boot with ARM Master
— ARM Communication with DSP

» Software Provided of Tl Keystone Il ARM Parts

Tl Information — Selective Disclosure
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Benchmarks — Core, Memory Latency

* Dhrystone, DMIPS/MHz, CPU core and L1 only
— 3.5DMIPS/MHz (highly dependant on compiler)

— 19600DMIPS with KeyStone Il Quad-ARM Cortex-A15 CorePac at
1.4GHz

* Floating point
— Quad single-precision IEEE-754 FMAC per cycle

* Memory Latency, load-to-use latency
— 4cc L1D hit, typically hidden by A15 micro architecture
— 20cc L2 hit (4MB)
— MSMC2 SRAM: ~50cc

— External Memory: ~100ns (~140 cycles) L2 miss to DDR page that is
open

Tl Information — Selective Disclosure
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Benchmark Comparison — Bandwidth

. . STREAM
+ STREAM benchmark is the o0
industry-standard benchmark S
for the measurement of g
sustainable memory i
. £ 3000
bandwidth. E
_ _ £ 2m
* Itincluding: 1000
— COPY: floating-point loads and 0 :
stores Copy Scale Add Triad
-1 1744 i m
— SCALE: floating-point multiply A1 core # o
’ ' WAIS-1coe 6228 6073 4633 4753
— SUM: floating-point add mAl5-2coe 6280 6291 5390 5488

— TRIAD: floating-point multiply and .4 164 64-bit DOR2-1333 memory, Codesourcery GCC v4.6.3 compiler;
add Cortex-A15: 1.4 GHz, 64-bit DDR3-1600 memory, Linaro GCC v4.6.3 compiler
» These results represent substantial improvements resulting from the
Cortex-A15 processor’s VFPv4 floating-point processing and from
Keystone II's MSMC-based path to memory.

* http://www.ti.com/lit/wp/spry223/spry223.pdf

Tl Information — Selective Disclosure
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Tl Keystone Il ARM Subsystem
Introduction

« ARM Overview and Basics
 ARM Cortex-A15 in Tl Keystone Il Devices
— Cortex-A15 Features in Tl Keystone Il Devices
— Basic Benchmark Comparison
— Interconnections and Buses
—Memory Architectures
—ARM Interrupt Sub-modules
— SoC Boot with ARM Master
— ARM Communication with DSP

» Software Provided of Tl Keystone Il ARM Parts

Tl Information — Selective Disclosure
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Functional Diagram on 66AK2H12

CONFIG TERANET MSMC DEBUG_SS
CONFIG ]
PORT
Cortex-A15
N cTM STM
(9]
:
GIC 400 |—» " Sy
A5 Al5 A5 Al5 —
L1PS$ | L1D$ | L1P$ | L1DS | L1PS | L1DS | L1P$ | L1D$ :—
32KB | 32KB | 32KB | 32KB | 32KB | 32KB | 32KB | 32KB ai
SL25 (4MB) ik
P
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Tl Keystone Il ARM Subsystem

Introduction
* ARM Overview and Basics

 ARM Cortex-A15 in Tl Keystone Il Devices
— Cortex-A15 Features in Tl Keystone Il Devices
— Basic Benchmark Comparison
— Interconnections and Buses
—Memory Architectures
—ARM Interrupt Sub-modules
— SoC Boot with ARM Master
— ARM Communication with DSP

» Software Provided of Tl Keystone Il ARM Parts

Tl Information — Selective Disclosure
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Cortex-A15 Memory Management Unit
(MMU)
* Logical-to-Physical memory translation:

— User protected

— Hardware manages the actual memory

 Large physical addressing up to 40-bit (1TB)
» Up to 3-level data structure for virtual 4kB page:

— Two levels for virtual 2MB pages (Linux huge pages)

— Translation Look-aside Buffers (TLB) cache one page of address
translations per entry to speed up the translation process:
* L1 instruction access
* L1 data access
L2 TLB

Tl Information — Selective Disclosure
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Cortex-A15 Memory Management Unit

(MMU)

* The core performs MMU to
translate virtual addresses

generally as follow steps:
— Core issues a 32-bit virtual address

— MMU uses several bit-fields of virtual
address to index TLBs, or perform
translation table walk if missed in ™

TLBs

— MMU combines the physical address

MSBs from the page table entry with
previous LSBs to the actual physical
address with the page table defined =

memory attributes

Tl Information — Selective Disclosure

Translation Table Base Address.

31 M3 0
Virtual Address

i EFRE N

e

un 210

Level 1 Descriptor Address

PR
I
31 10

9 210

Level 2 Table Base Address

109 210

Level 2 Descriptor Address

([ ]

31 1211 210

Srrall Page Base Address

%ip Texas INSTRUMENTS

Cortex-A15 MMU - LPAE

» Cortex-A15 support Large Physical Address Extensions
(LPAE) for connecting physical memory larger than 4GB

* LPAE provides:

— New translation table format — long descriptor format
— 32-bit virtual addresses, with 40-bit physical addresses

— New memory attributes added

Second-level table

TTBRO, First-level table
TTBR1, or >
' 1GB
HTTER Block  +»memory
Indexedby | || region
VAB130] | | Teble |
Indexed by
VA[29:21]

If a First-level table would contain only one entry, it is skipped, and the TTBR points
to the Second-level table. This happens if the VA address range is 30 bits or less.

Tl Information — Selective Disclosure

M8 Third-level table
Block  H»memory
region
Table
Indexed by 4KB
VA[20:12) Page [ memory
page
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Cortex-A15 Cache

» Cortex-A15 implements with fixed 32KByte L1 instruction
and data cache per core

» Cortex-A15 implements with up to 4MByte L2 shared
cache per cluster

» Cortex-A15 can automatically maintain data coherency
across other L1/L2 caches if:
— Configure with correct memory type(normal, shared, etc)
— CPUs are in the same domain

* MMU uses translation tables to control which memory area
are cached

» Caches handle data in lines (64 bytes per line)

Tl Information — Selective Disclosure
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/O Coherency

» Keystone Il devices support memory coherency accesses between A15
core(s) and other non-core master peripherals (Ex: EDMA) in the
DDR3A and MSMC SRAM space.(not for DDR3B, each DSP cores or
between A15 cores and DSP cores)

* Non-core master can recognize and access the A15 core L1D and L2
cache to maintain the coherency through AMBA-4 ACE

CorePac| |CorePac| |CorePac
XMC XMC XMC
256{ 256}» 256/

Write-
invalidate
Read-snoop
for MSMC |2ss L

SRAM 1 Shared
TeraNet 256
Write- MSMC SRAM
invalidate | 256
Read-snoop 25 2% )
for
DDR3A EMIF | System

Tl Information — Selective Disclosure
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Tl Keystone Il ARM Subsystem

Introduction
* ARM Overview and Basics

 ARM Cortex-A15 in Tl Keystone Il Devices
— Cortex-A15 Features in Tl Keystone Il Devices
— Basic Benchmark Comparison
— Interconnections and Buses
—Memory Architectures
—ARM Interrupt Sub-modules
— SoC Boot with ARM Master
— ARM Communication with DSP

» Software Provided of Tl Keystone Il ARM Parts

Tl Information — Selective Disclosure
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ARM INTC on Keystone Il Devices

* ARM INTC (AINTC) subsystem includes the GIC-400 with a
Global time base counter and a VBUSP2AXI interface for
registers’ configuration

ARMINTC | ViuaFiG

Virtual IRQ

Peripherals — 480 SPI —_— =
‘ Interrupts — !
P

v,

Interrupt [T >
| Controller 16 PPls
cic2 ‘ a0 [T
i ' Cortex
CPUI6 Clock ———»
Global 64 Bits A1S
GTB Counter Clock > Time Base [+
Power On Reset - Counter
VBUSP Interface - | b >
16 Software

‘ Bridge

Generated
Inputs

Tl Information — Selective Disclosure
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GIC-400 on Keystone Il Devices

Keystone Il devices integrate GIC-400 (rOp0Orel1) for ARM INTC

GIC-400 provides a scalable solution for up to 480 peripheral interrupts

with 1-to-n broadcast capability

Each interrupt can be steered to nFIQ or nIRQ with individual priority

GIC-400 allows software to configure each interrupt line to be level-
sensitive or edge-sensitive by configuring GICD_ICFGR
GIC-400 on Keystone Il devices support:

— 16 SGls (Software Generated Interrupts) (per each A15 core)

— 6 external PPIs (Private Peripheral Interrupts ) (per each A15 core)

— 1 internal PPI (per each A15 core)

— 480 SPIs (Shared Peripheral Interrupts ) (for A15 4 cores cluster)

Tl Information — Selective Disclosure
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Cortex-A15 Exceptions — Handling

* When the exception asserts, the following steps should be
processed for this exception:
— 1. Save processor status
* Copy CPSR to SPSR_<mode>
« Store the return address in R14 LR_<mode>
— 2. Change the processor status for exceptions
* Mode field bits, ARM or Thumb status
« Interrupt disable bits, set PC to vector address
— 3. Execute the exception handler
— 4. Return to main application

* Restore CSPR from SPSR_<mode>, clear interrupt disable bit
* Restore PC from R14 LR_<mode> with adjustment offset

» Step 1&2 are performed by processor automatically, step 3&4

are responsible by software

Tl Information — Selective Disclosure
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Tl Keystone Il ARM Subsystem

Introduction
* ARM Overview and Basics

 ARM Cortex-A15 in Tl Keystone Il Devices
— Cortex-A15 Features in Tl Keystone Il Devices
— Basic Benchmark Comparison
— Interconnections and Buses
—Memory Architectures
—ARM Interrupt Sub-modules
— SoC Boot with ARM Master
— ARM Communication with DSP

» Software Provided of Tl Keystone Il ARM Parts

Tl Information — Selective Disclosure
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Boot mode when ARM as boot master

» Keystone Il devices support several boot modes for boot master is ARM
Core0

* Boot mode is selected by 16 Pins mapped to relative 16 bits in DEVSTAT
register

 Supported boot mode and Pins configuration on 66AK2H12 is as follow

DEVSTAT Boot Mode Pins ROM Mapping
6 15 14 1 17 1 109 8 7 (6/5/ 4 321 Mode
X | X | 0 | ARMEN SYSEN 00| SLEEP
ARM PLL CONFIG $¥5 PLLCONFIG 3
SlaveAddr | 1 Port LI PCSLAVE
in
X x| x Bus Addr X 00 1 ' MASTER
Param ldx Port
width | Csel Mode Npin 010 Eal
ARM PLL CONFIG EMIF (ARM Master)
0 | BaseAddr | Wait | Width 0
X | ChipSel o1l EMIF (DSP Master)
ARM PLLCONFIG NAND (ARM Mastes)
First Block Clear
X | ChipSel NAND (DSP Master)
Lane ARM PLL CONFIG SRIO (ARM Master)
Ref Clock Data Rate Boot Master Min| 1/ 0|0
Lane Setup SRIO (DSP Master)
ARM PLL CONFIG Ethemet (ARM Master)
PAck | Refdk ExtCon SYS PLLCONFIG 101
Rsvd | Lane Setup Ethernet (DSP Master)
ARM PLL CONFIG PCle (ARM Master)
Ref clk Bar Config 0 110
SerDes Cfg PCle (DSP Master]
ARM PLL CONFIG HyperLink (ARM Master)
Port | Refdk Data Rate 1110
SerDes Cfg Hyperlink (DSP Master)
X x| x X ARM PLL CONFIG UART (ARM Master)
— Port Min 1[1[1
X | x| x X X X  x UART (DSP Master)

Tl Information — Selective Disclosure
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ARM Boot High Level Flow

t

No Yes

PLLs in bypass Initialize PLLs

require PLL
ritialization?

Latch boot mode pins
to DEVSTAT register,
disable hibernation

Yes

K

Branch to boot mode spedific process,
based on boot parameter table for
code download

Successful
download?

Yes

Branch to boot
recovery address in
PWRSTATECTL

Sleep Boot

Perform hardware initialization

Initialize boot parameter table with
defaults, modify with boot parameters
specified in DEVSTAT

Branch to execute
downloaded image

#———— BootReentry )
—

Tl Information — Selective Disclosure
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ARM Boot Related Info

* ARM initial status on Keystone Il Devices Povercn

— Only ARM core 0 is powered on when the
device is up, the rest ARM cores are powered

off by default L]

— ARM core is in supervisor mode by default after Non- Zero
power on All Zero

— All the interrupts except IPC are disabled, MMU Hold n Reset status

and Cache are disabled

» Boot secondary ARM cores
— Please refer the flow chart on the right side

Branch PC to the address in
Magic_adress

Tl Information — Selective Disclosure
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Tl Keystone Il ARM Subsystem

Introduction
* ARM Overview and Basics

 ARM Cortex-A15 in Tl Keystone Il Devices
— Cortex-A15 Features in Tl Keystone Il Devices
— Basic Benchmark Comparison
— Interconnections and Buses
—Memory Architectures
—ARM Interrupt Sub-modules
— SoC Boot with ARM Master
— ARM Communication with DSP

» Software Provided of Tl Keystone Il ARM Parts
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ARM Communication W|th DSP

° H d Q 002620040 002620243 OGO PC Generation Register for C66x CorePac)
a r Wa re u e u e 00262044 0n02620247 48 IPCGRY IPC Generation Register for C66x CorePacl
— 0x02620248 002620248 48 IPCGR2 IPC Generation Register for (66x CorePac2
Use hardware q ueue 00262004 00262024 [ IPCGR3 1PC Generation Register for Co6x CorePac3
(genera| propose) as 0620250 002620253 4 IPCGR4 1PC Generation Registerfor C66x CorePacd
. 002620254 002620257 @ IPCGRS 1C Generation Register for C66x CorePacs
the media 002620258 002620258 @ 1PCGRS 1PC Generation Register for C66x CorePac
. 0x0262025C Ow262025F 48 IPCGRY IPC Generation Register for (66x CorePac?
— Use descri ptOl' to 002620060 002620263 @ IPCGRS 1PC Generation Register for ARM CorePach
002620064 002620267 @ IPCGRY 1PC Generation Register for ARM CorePac
tranSfer the message 002620068 002620268 @ IPCGRIO 1PC Generation Register for ARM CorePac
between Cores 62026 002620267 4 IPCGRI 1PC Generation Registerfor ARM CorePac3
002620270 002620278 | Reseved Reserved
— Can pend”']g the q ueue |osninc O26207F L] IPCGRH PC Generation Register for Host
. 0x02620280 002620283 @ IPCARD PC Acknowledgement Register for C66x CorePacd
or use interru ptS . 0x02620284 002620287 L] POARI [ for Céx CorePact
0x02620288 002620288 [ IPCARY 1PC Acknowledgement Register for C66x Corefac2
L] H a rd W a re | P C 0:0262028C 010262028 4 PCARY PC for C66x CorePac3
0x0262029%0 002620293 48 IPCARY IPC Acknowledgement Register for (66x CorePacd
_ U se h a rdWa re | P C tO 0:02620294 002620297 4 PCARS 1PC Acknowledgement Register for C66x CorePacS
. 0x0262098 002620298 L] IPCARS 1PC Acknowledgement Register for C66x CorePac
generate interrupt to e oo |6 |vow [T —————
: 0x026202A0 002620243 @ IPCARS 1PC Acknowledgement Register for ARM CorePacO
ded|Cate Core(S) 0x02620284 0262007 L) IPCARY PC Acknowledgement Register for ARM CorePac
OxO2620208 0:02620048 aa IPCARID PC Acknowledgement Register for ARM CorePac2
- Support u p to 28 OxO26202AC O:026200AF L) IPCARI PC Acknowledgement Register for ARM CorePac3

different Source IDs  fiweszs  iccensationegiters e

31 3 B B 7 8 7 6 5 4 3 1 0

Tl Informat nesr;lege(%\';c%sure swcszz | sacszs | sucsas | sucsaa | SRCSZ3-SRCSH swcsa | shosz | sncst | shoso | esenve ] GG |
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Tl Keystone Il ARM Subsystem

Introduction

* ARM Overview and Basics

* ARM Cortex-A15 in Tl Keystone Il Devices

- Software Provided of Tl Keystone Il ARM Parts
— Compiler and CCS Support

—MCSDK ARM and Linux Support

— Tl Keystone Il U-Boot & Linux Kernel Versions and
Features

Tl Information — Selective Disclosure
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Compiler and CCS support

* Linaro GCC cross compiler

* Released by the Linaro organization, open source under the GPL
license

» Bases on GNU GCC baseline and has both versions to support
both bare-metal (Launchpad) and Linux ABI (Linaro) compilations

» Better support Cortex-A15 pipeline and optimizations since GCC
4.7

» Tl and ARM are major members, recommend to use Linaro compiler
* Linaro GCC bare-metal cross compiler are integrated in
CCS since V5.4.0.00091
« Started with GCC v4.7.3
* Linaro GCC Linux ABI cross compiler are available in the
following link

 https://launchpad.net/gcc-linaro/4.7/4.7-2013.03/+download/gcc-
linaro-4.7-2013.03.tar.bz2

Tl Information — Selective Disclosure
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Tl Keystone Il ARM Subsystem
Introduction

« ARM Overview and Basics

* ARM Cortex-A15 in Tl Keystone Il Devices

» Software Provided of Tl Keystone Il ARM Parts
— Compiler and CCS Support

—MCSDK ARM and Linux Support

— Tl Keystone 1l U-Boot & Linux Kernel Versions and
Features

Tl Information — Selective Disclosure
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Development Ecosystem

' \ (Multicore Software Development Kit (MCSDK)\

Standard Linux Development Tools
(host or target-based)

Dptimized Libraries

SMP Linux
Eclipse IDE ~ (ARM)

/ Code Compose“ (Third Part?
Studio™ (CCS) Plug-Ins

Rrogramming Model
l " l ccs l
Editor Debugger PolyCore
CodeGen Remote ENEA
OpenMP Debu

Multicore

/

Network &
Communication
Servi
ENER ] \_ ervices

( (
[ oon ][ Ansal:?;zer] [ * ] Instllj?;r::t:tion (Fault :\-Ili;r::?yement

Trident Cg}'::'

\ / L y [ Drivers and Platform Software ]
/ . J
\ Host Computer U 51 Target Board/Simulator Ij
Tl Information — Selective Disclosure Emulator
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Linux Development Support
* Linux-based software platform for development, deployment, and
execution of ARM A15 on KeyStone Il.

 Actively upstreaming Keystone Il support to the open-source
community

» Source code and prebuilt images of u-boot and kernel

* Open-source Linaro tool-chain for compilation (GCC) and debug
(GDB)

* Load-and-run Linux kernel using Code Composer Studio

» Telnet into device to view console print as device boots and to
mount root filesystem

Tl Information — Selective Disclosure
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Tl Open Source Presence

Most active 3.4 employers

By changesets By lines changed

o Active member of Linux (None) 1156 108%  (None) 108509 15.5%
. Tntel 1138 10.6%  Intel 67464 7%
Foundation Red Hat 960 9.0% RedHat 65966 94%
% § (Unknown) 688 64%  (Unknown) 50900 7.3%
* Founding member of Linaro g @i a0 o 3600 53%
BM 381 36%  Oracle 26617 3.8%

. SpOI”ISOF of BeagIeBoard and o 372 35% ( Tesas nstruments 25687 31% )
Panda Board (Consultant) 298 2.8%  Samsung 24966 3.6%
Wolfson Microelectronics 286 2.7%  NVidia 20604 2.9%
8 234 22%  Linux Foundati 16917 2.4%
» Top open hardware and open ™% . 4
. Google 222 21%  STEricsson 15792 2.3%
embedded software projects  on 198 16%  Novel 15185 20%
Freescale 175 1.6%  Wolfson Microelectronics 14039 2.0%
» Top 10 contributor to kernel,  qucomn 161 15%  (Consultant) 13495 19%
% Linaro 143 13% AMD 10151 1.5%
Ieads embedded proceSSIng Broadcom 140 13%  Freescale 10102 1.4%
ind ustry contributions NetApp 133 12%  Linaro 9360 13%
MITAC 133 12%  Google 9070 13%
AMD 132 12%  Qualcomm 8972 13%

THE s "
DlNux S0 Bheogeboordon
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Tl Keystone Il ARM Subsystem
Introduction
« ARM Overview and Basics

* ARM Cortex-A15 in Tl Keystone Il Devices
» Software Provided of Tl Keystone Il ARM Parts
— Compiler and CCS Support

—MCSDK ARM and Linux Support

— Tl Keystone Il U-Boot & Linux Kernel Versions and
Features

Tl Information — Selective Disclosure
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Baseline Versions and Features

» Tl Keystone Il Linux kernel Baseline
— Based on Linux Kernel v3.8.4 in community (latest has v3.10.10)
— Have both regular and PREEMPT_RT branches
— Fully support FDT (Flat Device Tree) for hardware description
— Fully support LPAE for up to 36-Bit physical address
— Integrated frequently used BSP&Drivers for Keystone Il EVM
— Support most popular file system such as ramfs, ubifs

* Tl Keystone Il U-Boot Baseline
— Based on 2013.01 version U-Boot
— Support both Tags and FDT for passing kernel parameters

— Integrated daily used function command such as EVM POST, DSP
core Power OFF, image generation tools with SPL, image burning tools,
etc

* Cross Compiler Baseline

— Based on Linaro GCC v4.7.3 (20130313), better support Cortex-A15
features

Tl Information — Selective Disclosure
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To Get the Source Code and MCSDK
Prebuilt Image
* Prebuilt Images’in MCSDK 3.x
— Including prebuilt U-Boot images (bin & gph format), boot monitor, DTB,
ulmage, file systems of ramfs (cpio) and ubifs (ubi image and ubifs format)
for both regular and RT versions
— MCSDK GA and updated versions are available
— Integrated daily used PDK test images in the prebuilt root filesystem
— Latest version download links:

— http://software-
dl.ti.com/sdoemb/sdoemb_public_sw/mcsdk/latest/index_FDS.html

« Source Code on Git.Tl site

— U-Boot:

— http:/qgit.ti.com/cqit/cqit.cgi’keystone-linux/u-boot.qgit/

— Linux Kernel:

— http:/qgit.ti.com/cgit/cqgit.cqgi/keystone-linux/linux.git/

— Boot Monitor:

— http:/qgit.ti.com/cqit/cqit.cgi/keystone-linux/boot-monitor.git/

Tl Information — Selective Disclosure
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Thank
You!
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Tl Keystone Networking
Coprocessor Introduction

KeyStone Training

i3 TEXAS INSTRUMENTS

Why Network Co Processor (NetCP):

—[ Motivation behind NETCP: ]

¢ Use firmware based PDSP (Packet Descriptor Processors) to do processing
and encryption.

—[ Goals for both Packet Accelerator and Security Accelerator: ]

¢ Offload processing from the cores
* Improve system integration
¢ Allow cost savings at the system level

—[ Security Key applications:

¢ IPSec tunnel endpoint (e.g. LTE eNB, ...)
e Secure RTP (SRTP)
¢ Air interface (2G/3G/4G) security processing

N/
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Why Network Co Processor (NetCP)

HOST Processor HOST Processor

e

TCPIIP Stack

HOST Processor

User App

Socket
TCP/P Stack

Hardware queue Hardware queue Hardware queue

[ Ethernef Hardware |

I—Ethernet Hardware i
|

| EMaC |
| SGMIl |
| '
I___T___J

Generic Network Processing

Keystone Network Processing Keystone Network Processing
with NetCP full offload with NetCP Partial offload

i3 TEXAS INSTRUMENTS

Agenda

* KeyStone I/NetCP1.0
— Overview
— Typical Application
— PA1.0

* KeyStone I/ NetCP1.5

Overview

Typical Application
PA 1.5
NetCP QMSS/PDSP Firmware/RA

* NetCP 1.0 Vs NetCP1.5

* Security Accelerator
— Overview

— Channel Configuration
— Data Process
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KeyStone | Network Coprocessor

Application-Specific  * Provides hardware accelerators to
perform L2, L3, and L4 processing
and encryption that was previously
done in software

* Packet Accelerator (PA)

Memory Subsystem
DDR3 EMIF | sMRSATn
mMsMC

C66x™
CorePac

L1P L1D
Cache/RAM Cache/RAM
L2 Memory Cache/RAM

Miscellaneous 1to 8 Cores @ up to 1.25 GHz,
HyperLink TeraNet

External Interfaces

Ethernet
Switch

SGMII
x2

Coprocessors

Multicore Navigator

Queue Packet
Manager DMA

Switch

Security
Accelerator

Packet
Accelerator

Network Coprocessor

*Single or multiple IP address
option

*UDP (and TCP) checksum and
selected CRCs

*L2/L3/L4 support
* Quality of Service (QoS)

* Multicast to multiple
destinations inside the device

* Timestamps

* Security Accelerator (SA)

* Hardware encryption,
decryption, and
authentication

* Supports IPsec ESP, IPsec AH,
SRTP, and 3GPP protocols
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Packet Accelerator 1.0 Block Diagram

* Provides hardware accelerators to
perform the packet classification
for Ethernet L2, L3, and L4

— Hardware Lookup table (LUT1
64 entry/table, LUT2 8K
entry/table)

* Based on use case firmware can be
redefined/developed

* Engines for modification (IP
header/UDP header checksum, IP
fragmentation, update PPPoE
header)

¢ Multi routing (same packet can be
copied and routed to 8 different
queue)

L

PKTDMA
Controller
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NetCP1.0 Typical Application

Traffic
Shaping

+ Software for IP reasembly
» Software IP Firewall
» Software for Packet Framing on to-network direction

i3 TEXAS INSTRUMENTS

Agenda

* KeyStone I/NetCP1.0
— Overview
— Typical Application
— PA1.0

* KeyStone I/ NetCP1.5

Overview

Typical Application
PA 1.5
NetCP QMSS/PDSP Firmware/RA

* NetCP 1.0 Vs NetCP1.5

* Security Accelerator
— Overview

— Channel Configuration
— Data Process
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Miscellaneous>™ 1-4 ARM Cores & 0-8 DSP Cores @ up to 1.4 GHz
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Multicore Navigator
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-
Manager DMA
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|
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I DD@EEE
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Packet
Accelerator

l:l Network

Coprocessor

Il ! IR

KeyStone Il Network Coprocessor (NETCP)

Consists of one or two Network
Coprocessor(s)
Provides hardware accelerators to
perform L2, L3, and L4 processing and
encryption that was previously done in
software
Packet Accelerator (PA)
— Single IP address option
— UDP (and TCP) checksum and
selected CRCs
— L2/L3/L4 support
Quality of Service (QoS)
Multicast to multiple queues
Timestamps
Security Accelerator (SA)
— Hardware encryption, decryption,
and authentication
— Supports IPsec ESP, IPsec AH, SRTP,
and 3GPP protocols
2x 5-port Ethernet switches (depending
on number of instances of NETCP) with
4-8 ports connecting to 4-8 SGMII ports
and one port connecting to the Packet
and Security Accelerators.
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Packet Accelerator 1.5 Block Diagram
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Packet Accelerator 1.5

PA LLD interface and features are compatible with NetCP1.0

Provides hardware accelerators to perform the packet classification for
Ethernet L2, L3, and L4
— Hardware Lookup table (LUT1 256 entry/table, LUT2 3K entry/table)
with mask/range configuration
Each PDSP can do more complex processing (MAX to 3K instructions)

Egress direction has capability to modify a packet as configuration and
route it to Ethernet directly

i3 TEXAS INSTRUMENTS

NetCP1.5 Typical Application

Rate
Limitation

Policing

Hardware accelerators to do L2, L3, and L4 processing, packet classify
Hardware accelerators for IPSec/air cihper encryption

Hardware QoS for PQ/WRR

Hardware accelerators for IP reasembly

Hardware accelerators for Flow Cache

Hardware accelerators for IP Firewall
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NetCP QMSS

The primary use case is for handling CDMA based packet flows
between PA and the Security Accelerator (SA) and Reassembly
(RA) engines.

Using the PA1.5 queue management subsystem offloads DMA
and queue operations from the global PA CDMA and chip-level
QMSS.

Provides support for 128 total queues (2 Queue Managers
supporting 64 queues each)

. Supports up to 16K descriptors

. Supports 16 memory regions for storage of descriptors

with each region storing up to 16K descriptors

Provides support for monitoring 21 queues (queues 0 through
20 of Queue Manager 0) by exporting hardware signals
indicating queue status to a local CPPI DMA engine.

Provides a 128KB memory region for fast local storage of
packet descriptors and/or buffers
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PDSP firmware

X patS_nd_pdspd_bin.c = Aot i oot
= = Fie Edt Vew Fovorkes Tods Neb
DESH 423 BE R B I dHD » CEER i

L] ) 20 £} 0 50 o, 0 Qe - ©Q - (¥ Psowar Foders X ¥ [ F &
W
“ 2 I CADMEdscniiidripsin
o £ile , . . € axre are Name e Type Date Modfed
R Jrinena Teon b hesr R Tonhe Mhr smemeusrien wewesy X T eo0_pii b 4B EBFle 20136280:48
pd ' T eg0_odkol b M BB Fe 013928048
4sBeonst usntd2_t 1n0_pdspo(] B0 oeme b KB B Fe w904
e 300, T g1 oo b KB B8 e 2139280:48
5 T ec2 o0 Sk mEFe 213928048
= Te0 pdipobb 6B BB Fe 2135280:48
P Sra_pdep1 b B B Fe 2139280:48
s Tt _pdep0. b8 B B Fe 213528048
5 Fns_pisp1 b8 sk mere 139280:48
5 T2 pisph b KB BEF 013928048
5 Hna pisg0 e B Bl 213928048
5 Tt pdipilbb KB B Fe 213:9280:48
5 T _seio1 b6 KB BB F 213928048
@ Sroddexs 1B S 213830329
@ [0)pats _eg0_pespa_bin.c KB CSourcefie 213028049
& 0] pat5_sg0_pdspt_bin.c AK€ Sowcafie 20139-280:4%
& [9) pats_egn_pdspz_bin.c 2008 C Source fie 20139.280:49
o 10) pats_eat pdspa_binc 2108 C Source fie 20039280:49
“ [0) pa15_eg2 o0 _bin.c KB € Soucelie 2013.6280:49
5 [0) pa15_n0_pspo_bin.c 20KB € Sowcafls 213:9280:48
68 8] paiS_ind_pdspl_binc K CSowanfie 20135-280:48
= [S)pa15 ot bine 29K Csoucatie 213:9280:48
= [S)p15 ot _petpt_bine 22k8 € Soucalls 2013928048
7 €] pats_in2_paspd_bin.c 2108 C Sowcefie 2013928049
72 18] patS_in3_pdspd_bin.c 26KB € Souce fie 20135-280:49
2 [6)pats i _pesga_binc 29KB Csourcefie 213:9280:49
" (0] patS i ekl b WD CSorce e 013520045
7% 18] pats_post_pdspd_bin.c 21KB C Sowce fis 20139-280:49
7 (0] paiS _post_pdspt_bin.c 1SKE € Source fis 20135-280:49
7 [Wpsfuts KB C Hesde He WISW246
“ Bipos_pspo s SKB BB R 213.9280:48
:: Epost_pdsp bib KB BB Fle 2013-9280:48

Each PDSP has dedicated firmware file with array and
binary format
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Reassembly Engine

The Reassembly engine is a hardware accelerator block for
reassembling fragmented IPv4 and IPv6 Packets

Supports reassembly at 10Gbps rate for up to 1K concurrent
contexts

There will be 2 in the system
— Pre-SA decrypt

— Post-SA decrypt
The timeouts will be from 100 to 232 * 210 clock cycles@400MHz
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Agenda

KeyStone I/NetCP1.0

— Overview

— Typical Application

— PA1.0

KeyStone I/ NetCP1.5

— Overview

— Typical Application

— PA1S5

— NetCP QMSS/PDSP Firmware/RA
NetCP 1.0 Vs NetCP1.5

Security Accelerator
— Overview

— Channel Configuration
— Data Process
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Vs 1.5

NetCP 1.0

Applications 1.5
Maximum IP packet 9KB 64KB
size
PDSP PA 6 PDSPs PA 15 PDSPs
8KB IRAM/PDSP 12KB IRAM/PDSP
LUT 3 LUT1 with 64 entries 8 LUT1 (256 entries), mask/range supported

1 LUT2 with 8K entries(32 bit each)

1 LUT2 with 3K entries (64 bit each), range supported

Hardware Firewall No 256 entries/ACL for outer IP
& 256 entries/ACL for Inner IP
Hardware IP No Outer IP and inner IP reassembly by hardware
Reassembly
Flow cache No Yes
IPSec Replay widows 128 Replay widows 1024
Performance 2x 1.0
Air Cipher Separate Air Ciphering and Simultaneous Air Ciphering and Authentication

Authentication
No ZUC F8/F9 and Snow3G F9

Support ZUC F8/F9 and Snow3G F9

Internal memory ECC

No

Yes

Internal QMSS

No

Yes

PKT DMA 9 Tx channels 21 Tx channels
24 Rx channels 91 Rx channels
QoS PQ+WRR PQ+WRR

Performance 4x 1.0

Agenda

KeyStone I/NetCP1.0
— Overview

— Typical Application

— PA1.0

KeyStone I/ NetCP1.5

Overview

Typical Application
PA 1.5
NetCP QMSS/PDSP Firmware/RA

NetCP 1.0 Vs NetCP1.5

Security Accelerator
— Overview

— Channel Configuration
— Data Process
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Security Accelerator Overview

—|_Motivation }
eHardware Encryption, Decryption, and Authentication
eFaster than software

Supported Protocols }
*IPsec ESP

*IPsec AH

*SRTP

*3GPP

—{__Each security accelerator supports: }

sLoosely coupled accelerator at 1.5M packets per second
*Authentication and replay protection at Gigabit Ethernet wire rate
*Pre- and post- algorithm packet header processing and security association maintenance
eContext caching for security associations (SW or HW managed)
*Can be used by NetCP without host intervention and by SW in parallel

N Throughput
Module Name Block size (Bits) (Mbits/sec) Remark
AES modes 128 3% 2,800.0 AES 256-bit key numbers, worst case for modes other than CCM
3DES modes 64 2x1,4933 3DES 3 key numbers, worst case
Galois Multiplier 128 2% 8,960.0 Galois multiplier core used for GCM mode
AES modes 128 bit key 128 3% 3,200.0 AES 128-bit key numbers, worst case for modes other than CCM
AES -CCM - 252;;"5 AES 128 3% 1,400.0 In CCM mode, AES is run twice for same block.
Kasumi 64 1244.4 Kasumi in F8 mode
Snow3G 320 11546 SNOW 3G in F8 mode. 40 bytes in one block, for 1500 byte blocks the throughput
is above 5Gbit/s
HMAC- SHA1 512 2x2,185.4 SHA 1 core
HMAC- MD5 512 22,7152 MD5 core
HMAC-SHA2 512 22,7152 SHA 2 core(max 256 bit hash)
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SA LLD: Channel Configuration

Repeat steps 1-5 to add more channel.

[ Configuration Information

Step 1: Call SA LLD
Sa_chanCreate

Step 2: Allocate security
context buffer for both

TX and RX
Step 3: return security
context buffer address
SALLD Step 4: Call SA LLD
SA Sa_chanControl for DSP/ARM
DDR cipher/authentication
parameter setting CorePac

Step 5: update the
security context content
for the parameters
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SA LLD: Packet Process (Air Cipher)

Repeat steps 1-6 send more packet.

Step 1: Call SA LLD
Sa_chanSendData/

Step 5: SA access the SC for Sa_chanRecieveData
corresponding operation

encryption/decryption SA LLD
Authentication/verification Step 2: return security
context buffer address

Step 6: SA forward the

result packet to DSP/ARM
SA SC for Rx destination /
CorePac
DDR
PKTDMA

Step 3: put the security
context buffer address to

SC for TX SW_INFO of descriptor

\ Step 4: send packet to SA }
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For More Information

* Device-specific Data Manuals for the KeyStone SoCs
can be found at Tl.com/multicore.

* Multicore articles, tools, and software are available
at Embedded Processors Wiki for the KeyStone
Device Architecture.

* View the complete C66x Multicore SOC Online
Training for KeyStone Devices, including details on
the individual modules.

* For questions regarding topics covered in this
training, visit the support forums at the
Tl E2E Community and Deyisupport website.
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Keystone Design Consideration

KeyStone Training

i3 TEXAS INSTRUMENTS

Agenda

» Marketplace Challenges and KeyStone Solutions

» KeyStone SoC Hardware Design

» Software Development
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Common Usage Cases

» Network gateway, speech/voice processing
» Typically hundreds or thousands of channels
» Each channel consumes about 30 MIPS

* Cloud computing

» Server and Storage

» Large, complex, floating point FFT

* Video processing

* Medical imaging

+ LTE, WIMAX, other wireless physical layers

» Scientific processing (Oil explorations)
» Large complex matrix manipulations

* Your applications?

i3 TEXAS INSTRUMENTS

Marketplace Challenges

* Increase of data rate
— Think about Ethernet, from 10Mbps to 10Gbps
* Increase in algorithm complexity
— Think about typical face recognition, finger prints, cloud computing
* Increase in development cost
— Hardware and software development
+ KeyStone SOC devices are a solution
— Fast peripherals part of the device

— High performances, fixed point and floating point processing power.
Parallel data movement.

— Off-the-shelf devices
— Elaborate set of software tools
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To Fulfill Large Data Transmission

* Fast peripherals are needed to:
— Receive high bit-rate data into the device
— Transmit the processed HBR data out of the device
» KeyStone devices have a variety of high bit-rate peripherals, including
the following:
— 10/100/1000 Mpbs Ethernet
— 10G Ethernet
— SRIO
— PCle
— AIF2
- TSIP
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Enable Complex Algorithms

+ 8 functional units of the C66x CorePac provide:
— Fixed- and Floating-point native instructions
— Many SIMD instructions
— Many Special Purpose Powerful instructions
— Fast (0 wait state) L1 memory
— Fast L2 memory
* ARM Core provides
— Fixed- and Floating-point native instructions

— Many SIMD instructions
— Fast (0 wait state) private L1 cache memory for each A15

— Fast shared coherent L2 cache memory
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Inter-Processor Communication

» Shared memory
— Very fast and large external DDR interface(s).

— DSP Core provides 32- to 36-bit address translation enables access of up to
10GB of DDR. ARM core uses MMU to translate 32 bits logical address into
40 bits physical address

— Fast, shared L2 memory is part of the sophisticated and fast MSMC.

* Hardware provides ability to move data and signals
between cores with minimal CPU resources.
— Powerful transport through Multicore Navigator
— Multiple instances of EDMA

« Other hardware mechanisms that help facilitate messages
and communications between cores.
— |IPC registers, semaphore block
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Minimizing Resource Contention

» Each DSP CorePac has a dedicated port into the MSMC.
* MSMC supports pre-fetching to speed up loading of data.

» Shared L2 has multiple banks of memory that support concurrent
multiple access.

* ARM core uses AMBA bus to connect directly to the MSMC, provide
coherency and efficiency

+ Wide and fast parallel Teranet switch fabric provides priority-based
parallel access.

» Packet-based HyperLink bus enables the seamless connection of two
KeyStone devices to increase performance while minimizing power and
cost.
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Multicore SOC Design Challenges

* Hardware design
— Specific design requirements
— high-speed interface design
— Reference design solution

» Software development
— Multicore work allocation and load balance
— Multicore communication
— Low level hardware driver
— Application library
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Agenda

» Marketplace Challenges and KeyStone Solutions
» KeyStone SoC Hardware Design
— Minimum System Design

— Peripherals Design
— Reference Design - EVM

» Software Development
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Minimum System Design

Power Supplies

Clocking

DDR3 Design

Boot Design

JTAG
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Power Supplies - Ki
* Power Types
o AVS for CVDD

| KeyStone | Device |

— Interface VCNTL[3:0]: 4-pin 6-bit dual-phase

— with initial voltage 1.1v;

| VONTL[3:0]

— Two classes solutions

» LM10011: P7256, P7303
» UCD92xx: Refer to EVM Schematic

o Fixed power: 1.0/1.5/1.8V

Design Details see section 2 of “Hardware design guide SPRABI2C”".

+ Available tools to calculate the DSP

power consumption and current value.

The data is application-dependent and the model is used to

get the accurate results.
Power Consumption Model download link:

http://www.ti.com/product/tms320c66xx (Software & Tools -> Models)

» Power Supply Sequence
— Core voltage start before 10 voltage
« CVDD ->CVDD1 -> DVDD18 -> DVDD15

AVS

Fixed core [ CvDD1, vDDTT, ...,

supply 1.0V VDDTn

Fixed 1.8V DVDD18, AVDDAT, ...,
supply AVDDAR

Fixed 1.5V [DVDD15, VDDRT, .,
supply VDDRn
DDR3

Termination VREFSSTL |
supply

— 10 voltage start before core voltage
- DVDD18 -> CVDD -> CVDD1 -> DVDD15
Details requirement refer to the device data manual.
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Power Supplies - KIl
» Power Types
o AVS for CVDD

— Interface VCNTL[5:0]: 4-pin 6-bit dual-phase or 6-pin 6-bit
single phase

— with initial voltage 1.0v;
— Two classes solutions
» LM10011: P7256, P7303, EVMK2E Schematic
» UCD92xx: EVMK2H Schematic
o Fixed power: 0.95/0.85/1.5/1.8V/3.3
Design Details see section 2 of “Hardware design guide SPRABVQ”.

+ Available tools to calculate the DSP
power consumption and current value.
The data is application-dependent and the model is used to

get the accurate results.

» Power Supply Sequence
— Core voltage start before 10 voltage
« CVDD -> CvDD1, DVDD18, VDDAHV, AVDDAx->
DVDD15->VDDALV, VDDUSB, VP, VPTX->DVDD33
— 10 voltage start before core voltage
« DVDD18, VDDAHV, AVDDAx->CVDD->CVDD1->
DVDD15->VDDALV, VDDUSB, VP, VPTX->DVDD33
Details requirement refer to the device data manual

KeyStone Il Device
AVS VCNTL[5:0] |
CVDD |
Fixed core
supply 0.95V | CVvDD1, CVDDT1 |
Fixed 0.85v ; 5
supply | VP, VPTX
Fixed 1.8V - 2
supply | AVDDA1,..., AVDDAN |
Fixed 3.3V
supply | DVDD33, VPH |
Fixed 1.5V
supply | DVDD15 |
DDR3 A
Termination | VREFSSTL |
supply
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Clocking - Kl

» Clock Types
— Necessary: Clock for Main PLL (CORECLK or
ALTCORECLK).
— Selective: Clock for peripherals(depend on design)

* Design Requirements
— Should satisfy with the jitter requirements;
— Should select the valid input frequencies;

— Unused clock inputs should be connected as figure 13
in SPRABI2C.

» Reference Design Guide

— See the “Clock Design guide (SPRABI4)” and section 3
of “Hardware design guide(SPRABI2C)’ for clock
design details.

— See the EVM schematic and PCB layout for reference.

* Recommend Clock Parts
- CDCM6208
— CDCE®62005
— CDCE®62002

KeyStone | Device

CORECLKp/n
ALTCORECLKp/n
Sys clock inputs
40-312.5MHz DDRCLKp/n
PASSCLKp/n
100,156.25,

SRIO_SGMIICLKp/n

156.25,
250,312.5MHZ

156.25, MCMCLKp/n

250,312.5MHZ (Hyperlink)

122.88,153.6,
307.2MHZ

SYSCLKp/n (AIF2)
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Clocking K" KeyStone Il Device
C CORECLKp/n
» Clock Types
— Necessary: Clock for Main PLL (CORECLK or ALTCORECLKp/n
ALTCORECLK). Sys clock inputs
— Selective: Clock for peripherals(depend on design) 40-312.5MHz ARMCLKp/n
* Design Requirements DDRxCLKp/n
— Should satisfy with the jitter requirements;
— Should select the valid input frequencies; PASSCLKp/n
— Unused clock inputs should be connected as figure 15
in SPRABVO. 100MHZ |
. . PCIECLKp/n |
» Reference Design Guide
— See the “Clock Design guide (SPRABI4)” and section 3
of “Hardware design guide(SPRABVO)” for clock design 125, 156.25MHZ SRIO_SGMIICLKp/n |
details.
i 156.25 |
— See the EVM schematic and PCB layout for reference. ’
Y 312 BMHZ HYPxCLKp/n
+ Recommend Clock Parts
- CDCM6208 122.88,153.6, | SYSCLKp/n (AIF2) |
— CDCE62005 307.2MHZ
— CDCE62002
156.25MHZ XFICLKp/n (10GbE) |
19.2,20, 24 USBCLKp/n |
100MHZ
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DDR3 Design

» Design Guide
— See the “DDR3 Design Requirement for Keystone Devices(SPRABI1A)” for information regarding
supported topologies and layout guidelines.
— See the section “Input clock requirements” of the “Hardware design guide for Kl devices
(SPRABI2C)” and SPRABVO for KlI devices for the input reference clock and unused pin
requirements.

+ Available tools to generate DDR3 configuration values
The DDRS3 configuration registers’ value depend on board layout and the selected SDRAM.
Refer to the “Keystone | DDR3 Initialization SPRABL2B” for the DDR3 initialization sequence and use
the DDRS3 spreadsheet to generate your value, then update the DDR3 initial value of the demo code
STK.
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Boot Design

* Boot Modes
— Memory boot: EMIF, SPI, and 12C master boot.
— Host Boot: UART, SRIO, PCle, EMAC, Hyperlink and 12C slave boot.
For boot details, see the SPRUGY5B for KI, SPRUGY9C for Kl DSP bootloader, and SPRUHJ3 for KIl ARM
bootloader.
» Boot Configuration Pins

— Boot mode and configurations are chosen using bootstrap pins on the device, and Pins are
latched and stored in the DEVSTAT register during POR. To determine the boot configuration,
BOOTMODE[13:0] are used for KI, BOOTMODE[15:0] are used for KII.

— See the device data manual for details of the pins configuration.

» See the RBL source code for detailed boot sequence.
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JTAG

» Design Guide

— Al JTAG pins are 1.8v 10, a voltage converter is needed if the selected emulator doesn’t support
1.8v 10 levels.

— For JTAG connection design guide refer to:
http://processors.wiki.ti.com/index.php/XDS_Target Connection Guide

— Details about trace emulator design, see the “Emulator and Trace Headers Technical Reference
Manual (SRPU655H)”

« JTAG Emulator Selection

http://www.ti.com/Isds/ti/tools-software/emulators.page

2 =N .. S
s X
JTAG Probes O < / \.
and Trace Receivers 1 ")

-

XDS100v2/v3 XDS200 XDS510 XDS560v2 STM XDS560v2 Pro Trace

+ Emulation header selection
— 14-pin and 20-pin can satisfy with the general debug
— 20-pin can support export of system trace data
— 60-pin can support export of core trace, and it can also support export of system trace data.
notes: For DSP device has on chip trace buffer, the XDS560 14pin/20pin generation emulator support core trace too.
» For JTAG problems, refer to:

http://processors.wiki.ti.com/index.php/Debugging_ JTAG_Connectivity Problems
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Peripherals Design

» General Peripherals

—12C/SPI/EMIF16/UART/uPP/TSIP/GPIO
 High Speed Peripherals

—-USB

—EMAC

—10GbE

—PCle

—SRIO

—Hyperlink

—AIF2
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General Peripherals

» Design Requirements

— All the interfaces operate at 1.8v, voltage level translator is needed to tolerant other voltage such
as 2.5v or 3.3v.

— Requirement of external resistor is interface-dependent, suggest select the recommended resistor
values in the hardware design guide, or maybe need to use the IBIS module to determine the
best resistor.

— Unused pins requirements are interface-dependent, it can be left unconnected if with internal pull-
up or pull-down resistors.
» Reference Design Guide
— For detail design requirements of each interface, see the related section of file “Hardware design
guide for Kl devices(SPRABI2C)” and SPRABVO for Kll devices.
» Throughput Performance

— For theory and measurement throughput performance refer to the “Throughput performance
guide(SPRABKS5A)".
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High Speed Peripherals —
USB/EMAC/10GbE/PCle/SRIO/Hyperlink/AlIF2

» Reference Design Guide
— For the input reference clock requirements see the section “Input clock requirements” of the
“Hardware design guide for Kl devices (SPRABI2C)” and “SPRABVO for KII devices”.

— See the “SerDes Implementation Guide for Keystone | Devices (SPRABC1)” and “SPRUHO3
for KlI devices” for serdes layout rules constraints and the serdes registers configuration.

— See the respective section of “Hardware design guide for Kl devices(SPRABI2C)” and
“SPRABVO for KlI devices” for the unused pins requirement.

— See the EVM schematic and PCB layout for reference design.

» Throughput Performance

— For theory and measurement throughput performance see the “Throughput performance
guide(SPRABK5A)".
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Reference Design - EVM

* EVM Types
— EVM6678L/LE
— EVM6657L/LE
— EVM6670L/LE
— EVMK2H/K2HX
+ Click the above EVM link, you can find the below EVM information
— EVM Quick Setup Guide.
— Technical Reference Guide.
— Schematic.

— PCB Layout.
— EVM Firmware such as the UCD file for power and FPGA file.

* In all, the EVM is a good reference design guide for startup.
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Agenda

» Marketplace Challenges and KeyStone Solutions

» KeyStone SoC Hardware Design

- Software Development
— Software Development Ecosystem
— CCS Eclipse IDE v5
— Multicore Software Development Kit (MCSDK)
— Multicore Program
— Application Software
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Multicore SW Development Ecosystem

Vs

Standard Linux Development Tools
(host or target-based)
Eclipse IDE Multicore Software
Code Composer\ ((Third Party\ Development Kit (MCSDK)
Studio™ (CCS) Plug-Ins
[ Editor ][CCS Debugger] [ PolyCore ]
| 2
[ GDB ] Analyzer Suite] [ 3L ]
Trident
\ ) L J L
‘ Host Computer U l Target Board/Simulator

Emulator
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CCS Eclipse IDE v5

» Code Composer Studio (CCS) is an Eclipse-based IDE that supports
application development on multiple cores/devices:
— Support simulator, debug/emulation, remote Debug, instrumentation and visualization.
— Integrated compiler tools with support for OpenMP.

— Allows developers to integrate third-party software tools assisting for multicore programming,
profiling and analysis capabilities.
CCSVv5 details see: http://processors.wiki.ti.com/index.php/Category:Code_Composer_Studio_v5

* Download CCS and the compiler.

» CCS License:
— Free for 90days for CCSv5,
— free license file for C66x EVMs here (under “Keystone EVM Info” section of the download page)
— more about CCS-License.
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MCSDK: Overview

+ Set of software building blocks to facilitate development of
applications

* DSP and ARM platform software, low-level drivers, high-
level APls and other utilities

» Source and prebuilt libraries are included

Embedded OS: SYS/BIOS RTOS on C66; Linux on ARM

* Development OS: Windows and Linux PC support

* Free to download with all components in one installer
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C66x MCSDK Overview

Out-of-Box Demonstration Applications and Examples

Software Framework Components

Interprocessor || Instrumentation
Communication (MCSA)

Communication Protocols

TCP/IP
Networking
(NDK)

Algorithm Libraries

Platform/EVM Software

| ospus || meLs || matHUB | o —
Low-Level Drivers (LLDs) Library e
[ sa |[ rw |[ Bcp || cpap || 10cbE | Rosource oot
[eomas [ Pa || srio || Frrc |[ TSP | Manager
| pcie || amss ][ cppi|[HyperLink|| | OSAL Bootloader

SYS/BIOS
RTOS

Chip Support Library

Hardware
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ARM Linux Perspective: Overview

» Linux-based software platform for development,
deployment, and execution of ARM A15 on KeyStone II.

» Actively upstreaming Keystone Il support to the open-

source community

» Source code and prebuilt images of u-boot and kernel

* Open-source Linaro toolchain for compilation (gcc) and

debug (gdb)

* Load-and-run Linux kernel using Code Composer Studio

* Telnet into device to view console print as device boots and
to mount root filesystem
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Drivers & Platform Software: Summary

Module DSP (CSL) DSP (LLD) ARM (CSL) ARM (User Mode LLD) | ARM (Linux kernel)

Timer64 X X
ARM Arch Timer
ARM Intc (GIC)
CPINTC
CPSW (5-port 10G)
USB 3.0
GPIO
EMIF16 - NAND
12C
UsIM
UART
SPI
AIF2
SRIO
PCle
PA
SA
CPSW (5-port 1G)
QMSS + PktDMA
RAC

TAC2
VCP2
TCP3D
BCP
FFTC
EDMA
HyperLink
HW Semaphore
PSC X

x |x

X [x [x [x [x |x [x [x|x [x
X [x [x [x [x |x [x [x

x X% [x |x [x

x [x [x [x [x |x
x
X [x [x [x [x |x

<

x| [x [x |x [x

X x| x| [x x> [x [x [x [x [x [x [x |x[x[x|x[x[x|x|x|x|x|x

Getting Started: Development Flow

Tl Demo Application Tl Demo Application Customer Customer App on
on Tl Evaluation on Customer Application on Next Generation Tl
Platform Platform Customer Platform SOC Platform
Demo Application Demo Application C customer App D Customer Application
Tools | Epwa, Tools | Epwa, Tools | gppa, Tools | Epwa,
(UIA) Etc (UIA) Etc (UIA) Etc (UIA) Etc
Network Network Network Network
Dev Kit | Dev Kit [ Dev Kit = Dev Kit (]
LLD IPC LLD IPC LLD IPC LLD IPC
T Platform Customer
Platform
csL €Sk asL

I:I No modifications required
Software may be
uzsis” different, but API
May be used “as is” or customer can i
implement value-add modifications remain the same
(CSL, LLD, etc.)
Needs to be modified or replaced
with customer version
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Getting Started: Algorithm Libraries

Algorithm libraries contain C66x C-callable, hand-coded,
assembly-optimized functions for specific usage:

Fundamental Math & Signal Processing Libraries
— DSPLIB: Signal-processing math and vector functions
— MathLIB: Floating-point math functions

Image & Video Processing Libraries
— IMGLIB: Image/video processing functions
— VLIB: Video analytics and vision functions

Telecommunication Libraries
— VoLlIB: Voice over IP application related functions
— FaxLIB: FAX application related functions

Medical Libraries
— STK-MED: Ultrasound and optical coherence tomography algorithms

More info: http://processors.wiki.ti.com/index.php/Software libraries
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Getting Started: Out-of-Box Demos

Keystone | & Il demos:
 Utility Application Demo

— Provides system information (OS version, CPU info, network
interfaces), System statistics (mem/cpu usage, TX/RX pkts),
Flash NAND/EEPROM, etc.

* Image Processing Demo

— Image edge detection demo
Keystone Il demos:
* IPC Demo

— Load DSP out file from ARM and perform ARM-DSP
communication

* Transport Net Demo

— NetCP capabilities including PA, SA and Ethernet Switch
Subsystem
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Multicore Program

« For basic multicore program knowledge, see “Multicore Program Guide (SPRAB27B)".

* Program Model
— See the Hua and Image processing demos in the MCSDK.
— See the multicore video infrastructure demo for multicore software demo.
— See OpenMP for its usage in multicore program.

« Below table lists the basic IPC engines comparison between traditional and keystone
devices.

Traditional Keystone Solution
Solution
Inter-Processor EDMA ISR EDMAISR, IPC,
Communication Hardware
Semaphore,

Navigator, SRIO

Data Transfer

EDMA, Ethernet,

EDMA, Ethernet,

Engines SRIO, AIF SRIO, AlF; Navigator,
Hyperlink, 10GbE

Shared Resource Global Flag Global Flag,

Management Hardware

Semaphore, IPC
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Application Software

+ MCSDK Video Demos: Provides multiple video demos to demonstrate
capability of C66x multi-core DSPs on computation intensive video
processing.

+ Industrial Image Demo: Focuses on the natural ability to parallelize
image processing algorithms with employing open-source packages
such as OpenMP and OpenCV.

» Medical Imageing Demo: lllustrates the system-level integration of key
medical imaging algorithm modules on multicore DSPs, currently
focuses on the Ultrasound and Optical Coherence Tomography(OCT)
application domains.

» For more other application software see the Target End Equipments
here.
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Keystone | Development Tool Availability

» Keystone | Evaluation Modules: Available
— http://www.ti.com/tool/tmdxevm6678
— http://www.ti.com/tool/tmdxevm6670
— http://www.ti.com/tool/tmdxevm6657

« MCSDK 2.x: Available
— http://www.ti.com/tool/bioslinuxmcsdk

* EVM Materials and Support:
— http://www.advantech.com/Support/TI-EVM/

— http://www.einfochips.com/index.php/partnerships/texas-
instruments/tms320c6657-evm#5-resources
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Keystone Il Development Tool Availability

» Keystone Il Evaluation Modules: Available
— http://www.ti.com/tool/evmk2h

EVM Materials and Support:
— http://www.advantech.com/Support/TI-EVM/

MCSDK 3.0: Available
— http://www.ti.com/tool/bioslinuxmecsdk

* Toolchain: Now
« Linaro GCC bare-metal cross compiler are integrated in CCS since V5.4.0.00091
« Started with GCC v4.7.3
« Linaro GCC Linux ABI cross compiler are available in the following link

« https://launchpad.net/linaro-toolchain-binaries/trunk/2013.03/+download/gcc-linaro-arm-linux-gnueabihf-4.7-
2013.03-20130313_linux.tar.bz2

* Linux:
— Uboot: http://arago-project.org/qit/projects/?p=u-boot-keystone.git;a=summary
— Kernel: http://arago-project.org/git/projects/?p=linux-keystone.git;a=summary
— Boot Monitor: http://arago-project.org/qit/projects/?p=boot-monitor.git;a=summary
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For More Information

* Multicore Program Guide

* Multicore articles, tools, and software are available
at Embedded Processors Wiki for the KeyStone
Device Architecture.

* View the complete C66x Multicore SOC Online
Training for KeyStone Devices, including details on
the individual modules.

* For questions regarding topics covered in this
training, visit the support forums at the

TI E2E Community and MY 8§ 34X
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Sitara™ PRU-ICSS Traning

i3 TEXAS INSTRUMENTS

Agenda

Introduction to the PRU Subsystem (PRU-ICSS on AM335x)
Getting Started Programming
— PRU Assembler (PASM)

— PRU Development Support Integrated in CCS&C Compiler
— Linux PRU Application Loader

PRU Application

e Other Resources
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Introduction to the PRU SubSystem

*  What is PRU SubSystem?
—  Programmable Real-time Unit SubSystem
—  Dual 32bit RISC processors
—  Local instruction and data RAM; access to SoC resources.

*  What devices include PRU SubSystem?
—  Legacy PRUSS: OMAPLI137/ AM17x, OMAPL138/ AM18x, C674x
—  PRU-ICSS* (PRUSSV2): AM335x

*  Why PRU SubSystem?
—  Full programmability allows adding customer differentiation
—  Efficient in performing embedded tasks that require manipulation of packed
memory mapped data structures
—  Efficient in handling of system events that have tight real-time constraints.

* PRU-ICSS = Programmable Real-time Unit and Industrial Communication SubSystem.
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PRU Subsystem Is / Is-Not

IS

IS-Not

Dual 32-bit RISC processor specifically designed
for manipulation of packed memory mapped data
structures and implementing system features that
have tight real time constraints

In not a H/W accelerator to speed up algorithm
computations.

Simple RISC ISA
- Approximately 40 instructions

- Logical, arithmetic, and flow control ops all
complete in a single cycle

Is not a general purpose RISC processor
- No multiply hardware/instructions

- No cache

- No pipeline

Could be used to enhance the existing peripheral
feature set or implement new peripheral capability
with software bit bang

Is not a stand alone configurable peripheral and
will need some hardware assist for configurable
peripheral implementation

Includes example code to demonstrate various
features. Examples can be used as building blocks.

No Operating System or high level application
software stack
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PRU Value

« Extend connectivity and peripheral capability

— Implement Industrial Communications protocols (like EtherCAT®,PROFINET,
EtherNet/IPtm, PROFIBUS, POWERLINK, SERCOS I1I)

— Implement special peripherals and bus interfaces (like soft UARTS interfaces)
— Digital IOs with latency in ns

— Implement smart data movement schemes (especially useful for audio algorithms like
reverb, room correction, etc.)

* Reduce system power consumption
— Allows switching off both ARM and DSP clocks

— Implement smart power controller by evaluating events before waking up DSP and/or
ARM. Maximized power down time.

» Accelerate system performance

— Full programmability allows custom interface implementation
— Specialized custom data handling to offload CPU
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PRU-ICSS Subsystem on AM335x

AM3359

PRU-ICSS for Slave
Industrial Communications

3D graphics PRU-ICSS + EtherCAT slave 15x15 / 0.8mm In Production |
600/800/1000 3D graphics PRU-ICSS 15x15 /0.8mm In Production
AM3357 E 2
300/600/300 PRU-ICSS + EtherCAT slave | 15x15/0.8mm
O
AM3356 SR 30016001200 PRU-ICSS 15x15 /0.8mm In Production
*
600/800/1000 3D graphics 1ox12108mm B InProduction
15x15/0.8
300/600/300/1000 13x1310.65mm*
Package 15x15mm (2€Z) | *13x13mm (ZCE)
PRU-ICSS is used for slave industrial communication ARM speed Up to 1000MHz | Up to 600 MHz
protocols such as Profibus, Profinet, Powerlink & Ethernet/IP USB 2.0 OTG + PHY x2 x1
EMAC 2-port switch Single port
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Chip-level Integration of the PRU-ICSS

(PRUSSV2)

* ARM has access to
PRU-ICSS memory

* PRU-ICSS has access to
its own local memories
and other chip-level
memory resources and
peripherals

—_—
ARM Subsystem PRU-ICSS
PRUO PRU1
Cortex-A8 CPU CPU
CPU Core Core
Instruction Instruction
L1 Instruction RAM RAM
Cache (8 kB) (8 kB)
(32kB) I t
L1 Data Cach | SCR |
ata Cache
R R R
ata Data hares nterrup!
Lé Scé“lfg“; RAM 0 ||RAM 1 || Data RAM || Controller
(8kB) || (8kB) (12kB) (INTC)

Chip-Level Switched Central Resources (SCRs)

i

]

Peripherals
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PRU-ICSS (PRUSSV2) Block Diagram

PRU-ICSS (PRUSSv2)

32 General-Purpose Outputs* PRUO PRUI ——f=+ 32 General-Purpose Outputs*
30 General-Purpose Inputs* CPU Core CPU Core 30 General-Purpose Inputs*
Instruction RAM Instruction RAM
(8 kB) (8 kB)
Slave Interface from I 1 Master Interface to
Chip-Level SCRs ~ —1 I SCR ] _H Chip-Level SCRs
Data Data Shared Interrupt ¥ |_1, 1y ARM/DSP Interrupts
RAMO || RAM 1 || Data RAM || Controller | 1 Events from peripherals
(8kB) || (8kB) || (12kB) (INTC) and PRUs

* On AM335x, only 15 General-Purpose Outputs
and 16 General-Purpose Inputs are pinned out.
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PRU-ICSS Subsystem

* Provides two independent
programmable real-time
(PRU) cores

— 32-Bit Load/Store RISC
architecture

— no pipeline

— 200MHz / 5ns

— 8K Byte instruction RAM (2K
instructions) per core

— 8K Bytes data RAM per core
— 12K Bytes shared RAM

¢ Includes Interrupt Controller
for system event handling

» Fast I/O interface

— 16 inputs and 16 outputs on
external pins on AM335x via
R30/R1

— EDIO via IEP SYNC unit

» Power management via single periph + PrUs

PSC

PRUv2 Subsystem Functional Block Diagram

Industrial

Ethernet MII0 RX/TX

|

16 GPO PRUO Core

16 GPI 8KB IRAM

Iﬁ

DS 190UUODIBYU| NG-ZE

Bank 0/1/2
16 GPO PRU1 Core
16 GPI 8KB IRAM [+

I I

Industrial
Ethernet

<—

c——= MII1 RX/TX

Industrial

Fieldbus

events to ARM
INTC

<—
"

UART

Interrupt
Controller
(INTC)

Events from

A

DRAMO
(8K Bytes)

DRAM1
(8K Bytes)

shared
(12K Bytes)

I

Master I/F
(to SCR)

I

Slave I/F
(from SCR)

eCAP
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Enhancements in PRU-ICSS compared to

Legacy PRUSS

* Memory

— Additional data memory (8K Bytes vs 512 Bytes)
— Additional instruction memory (8K Bytes vs 4K Bytes)

— 12 KB Shared RAM

— All memories within PRU-ICSS support parity

* PRU Resources

— Enhanced GPIO (EGPIO), adding serial, parallel, and MII capture capabilities
— Multiplier with optional accumulation (MAC)
— Scratch pad (SPAD) with broadside interface

* Internal peripheral modules

— UART
— eCAP
— MILRT
- MDIO
— IEP

* Operating frequency
— Legacy PRUSS: 2 CPU frequency
— PRU-ICSS: 200 MHz
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PRU Functional Block Diagram

General Purpose Registers

All instructions are performed on
ters and complete in a single cycle
ister file appears as linear block for
ister to memory operations

PRU

CONST
TABLE

||

Instruction

RAM

Special Registers (R30 and R31)
R30
< Write: 32 GPO
(AM335x: 16 GPO pinned out )

R31
< Read: 30 GPI + 2 Host Int status
(AM3, 17 GPI pinned out)

Constant Table
Ease SW development by
providing freq used constants
Peripheral base addr
Few entries programmable

Execution Unit

Logical, arithmetic, and flow
control instructions

Scalar, no Pipeline, Little
Endian

Register-to-register data flow

Addressing modes: Ld
Immediate & Ld/St to Mem

Instruction RAM

8KB in size; 2K Instructions
Can be updated with PRU reset

« Write: Generate INTC Event
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Agenda

* Introduction to the PRU Subsystem (PRU-ICSS on AM335x)
* Getting Started Programming
— PRU Assembler (PASM)

— PRU Development Support Integrated in CCS&C Compiler
— Linux PRU Application Loader

* PRU Application

¢ Other Resources
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Generic PRU Programming Model

Application

Communication Stack
PRU

Driver

ARM SoC
HLOS / RTOS

H/W Abstraction Layer

Compatibility Layer to
% INTC | Interface API €~ Existing Interfaces
T
o | ce PRUO Firmware PRU1 Firmware
[ mux ] | Mil |[[ timer |[ wmpio ][ epioshift |
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PASM Overview

* PASM is a command-line assembler for the PRU cores

— Converts PRU assembly source files to loadable binary data
— Output format can be raw binary, C array (default), or hex

* The C array can be loaded by host processor (ARM or DSP) to kick off PRU
— Other debug formats also can be output

* Command line syntax:

pasm_2 —V3 [-bemldxz] SourceFile [-Dname=value] [-CArrayname]

» The PASM tool generates a single monolithic binary

— No linking, no sections, no memory maps, etc.
— Code image begins at start of IRAM (offset 0x0000)
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Agenda

* Introduction to the PRU Subsystem (PRU-ICSS on AM335x)
* Getting Started Programming
— PRU Assembler (PASM)
— PRU Development Support Integrated in CCS& C Compiler
— Linux PRU Application Loader
* PRU Application

e Other Resources
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PRU Development Support Integrated in CCS

CCS 5.x
pasm (PRU assembler) No
AM335x PRU Debug Tools Disassembly window Yes

Memory windows Yes
Register windows Yes
Execution controls Yes
Soft reset control Yes
Sleep control Yes

Download the CCS 5.x here:
http://processors.wiki.ti.com/index.php/Download CCS
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Summary of PRU Debug Capabilities

» Disassembly window to show PRU assembly code

* Memory windows to show PRU program and data memory contents
— Ability to load/fill memory contents
— Ability to save memory contents
— Ability to load PRU code binaries

* Register windows to show PRU subsystem control, data and status
registers
— View and modify PRU subsystem registers

+ Execution controls
— Run/Halt
— Single-stepping through assembly instructions
— Breakpoint control

* PRU soft reset control
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Execution Control Screenshot

file Edit View Project Jools Run Scripts Window Help

crEe @

[ g L B £ |9 CCS Debug | & CCS Edit
12 Debug i » AEE-EX- . L] 7 || Variables | % Expressions ] i
« §9 NewTargetConfiguration.coml [Code Composer Studio - Device Debugging] 4 (03| % =
4 o Texas Instruments XDS100v2 US8 Emulator_0/CortxA8 (Suspended) Name Value -
= Ox00023260 (no symbols are defined for 0x00023260) 84 Core Registers
« 4P Texas Instruments XDS100v2 US8 Emulator_0/PRU_O (Suspended) PC 0x00000016
= 0x00000016 (no symbols are defined for 0x00000016) OxSDOF4BAE
@ Texas Instruments XDS100v2 US8 Emulator_0/PRU_L (Disconnected : Unknown) OxDEBOEATY
0x53291887
Ox06A4CBID
Ox459FAESF
OxDETFABF4
0x783CDFO7 '
« i Al T v
%o Breakpoints 31| @ Memory Browser | = Disassembly Enter location here v | € @ (B | ». = | o2
.- k¥ | @E 00000015 24FFFF94  LDI R20.w0, #65535 =
Identity Name ’(»0?\?‘001\“ gmgz IL.II:: ::i:: :ieza E
P1» GO000013 IS/WER) | Breakpoint 2533:2;; 24002801  LOI Rl,l;a,.!dﬂ
960000019 20400180 MVIB RO.bO, *R1.bO++
00000012 : 140014F6  XOR R22, R20.b8, RO.b®
0000001 : @902F6F6  LSL R22, R22, #2
0000001c FO963596  LBBO R22.b0. R21. R22.w. 4 b=
© Console 1 | & GEL Files =bllt @~

NewTargetConfiguration.com|
CAMO. VULMUL. CrLT |IWLE TEEESUET CUNTLEUIGUION X3 I PIUEIess

EMIF Timing register configuration is done .......

DDR PHY Configuration done

****  AM335x DDR2 EMIF and PHY configuration is done ****

ANM3359 ICE Initialization is Done ******ixiszxxsssax

CortxA8: Output:
CortxAS: Output:
CortxA8: Output:
CortxA8: Output:
7 % Licensed

P
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C Compiler

* Developed and maintained by TI CGT team
— Remains very similar to other Tl compilers
 Full support of C/C++
» Adds PRU-specific functionality
— Can take advantage of PRU architectural features automatically

— Contains several intrinsics
» List can be found in Compiler documentation

« Full instruction-set Assembler for hand-tuned routines

i3 TEXAS INSTRUMENTS

Tl PRU CGT Assembler vs PASM

. Advantages of using Tl PRU Assembler over PASM
The biggest advantage is that the TI PRU linker produces ELF files that enable source-
level debugging within CCS. No more debugging in disassembly window!!
+ The Tl PRU assembler uses the same shell as other Tl compilers. Customers only need
to learn one set of conventions, directives, etc.

+ TIPRU assembler will be maintained in the future, while PASM will not be updated
anymore.

* The Tl PRU assembler uses the powerful Tl linker which allows more flexibility then PASM
and facilitates linking PRU programs with host CPU image for runtime loading and
symbol sharing.

+ Disadvantages of using TI PRU Assembler over PASM
* Have to learn new directives if already used to PASM
+ TIPRU assembler requires more command line options and a linker command file.
+ Some porting effort required for reusing legacy PASM projects.

There are some differences in the instructions and directives supported Tl
PRU Assembler versus PASM. Theses are listed in the TI PRU Compiler
package release notes which is located at the root of the install folder.

i3 TEXAS INSTRUMENTS

143




TI PRU CGT Assembly vs C

» Advantages of coding in Assembly over C

— Code can be tweaked to save every last cycle and byte of RAM
— No need to rely on the compiler to make code deterministic
— Easily make use of scratchpad

+ Advantages of coding in C over Assembly
— More code reusability
— Can directly leverage kernel headers for interaction with kernel drivers
— Optimizer is extremely intelligent at optimizing routines
* “Accelerating” math via MAC unit, implementing LOOP instruction, etc.
— Not mutually exclusive - inline Assembly can be easily added to a C project
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Agenda

Introduction to the PRU Subsystem (PRU-ICSS on AM335x)
Getting Started Programming
— PRU Assembler (PASM)

— PRU Development Support Integrated in CCS& C Compiler
— Linux PRU Application Loader

PRU Application

e Other Resources
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PRU Linux Loader

» Host processor of SoC must load code to a PRU and initiate its execution

* ARM processor can load code to PRU instruction memory and interact with
PRU from user space using the application loader

» Application loader is available in open-source

» Application PRU Loader
— API’s allow ARM to interact with PRU in user space
— Supports BSD licensing

— Can be used for protocol emulation and user space applications
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Application Loader S/W Architecture

'3P/Customer
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Application Loader Examples

AM1808 SDK

¢ AM335x PRU package includes several basic PRU application example code. These examples use
the Linux application loader.
— Additional PRU examples can be found in the AM1808 SDK.

— The AM18x PRUSS to AM335x PRU-ICSS Software Migration Guide provides reference of how these examples
can be ported to AM335x.

¢ PRU example code demonstrates:

—  Memory transfers

— Accessing constant tables *
— Interrupts

— Toggling GPIOs *

— eDMA configuration *

¢« AM1808 SDK can be downloaded at:
http://software-dl.ti.com/dsps/dsps_public_sw/sdo_sb/targetcontent/sdk/AM1x/latest/index_FDS.html

* Only included in AM1808 examples.
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Steps to use develop code

* To Use,
— Build UIO kernel driver as module
— Build User space API’s, link to application code
— Compile application code using API
— Compile PRU binaries using PASM

— On file system, install UIO kernel driver, application executables, PRU
binaries
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Agenda

Introduction to the PRU Subsystem (PRU-ICSS on AM335x)
Getting Started Programming
— PRU Assembler (PASM)

— PRU Development Support Integrated in CCS
— Linux PRU Application Loader

* PRU Application

¢ Other Resources
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PRU (Programmable Real-time Unit) For Configurable Logic
Enabling real-time Ethernet Slave communications

Architecture

O
>
J
v
U

8KB IRAM, 8KB DRAM, 12KB Shared RAM PRU-ICSSV2
Single-cycle execution & Direct I/O interface
sampling at ~5ns
Very easy to program PRU
Logic, Control and arithmetic instructions (x2, 200MHz)
32-bit MULT and Interrupt controller Interrupt e
g Controller [«
Capabilities (INTC) UAR

e =

Timers

- Implement custom IP (such as EnDAT 2.2,
SINC3 decimation, PWMs, DP Memory,
Manchester Coding, 9 bit UART or a
Backplane bus)

Advantages

* Reduce system cost & complexity
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Popular Industrial Communication Protocols

Preliminary — Future dates are Subject to change

Protocol Configuration SW Availability 3rd party Stack
Partners
Profibus Slave (AM1810 & | SDK Release (AM1810): Now T™MG
AM335x) Certification (AM1810): Now
GA SDK release (AM335x) — Now
EtherCAT Slave only Beta SDK release — Now ETG
(AM335x) GA SDK Release — Now Koenig, Acontis,
Certification: Now Port
Ethernet/IP Slave only EA SDK Release: Now Molex
(w/ Gb switch) (AM335x) Certification: 2Q14
GA SDK Release: 3Q14
Ethernet/IP Slave only EA SDK Release: Now Molex
(w/ PRU) (AM335x) Certification: 2Q14
GA SDK Release: 3Q14
PROFINET-RT/IRT Slave only EA SDK Release: NOW Molex
(AM335x) Certification: NOW; 2Q14 (IRT)
GA SDK release: 3Q14
OpenMAC for Slave only Available from 3P (Port) Port
Powerlink (AM335x)
Sercos-3 Slave Only Available from 3P (Automata) Automata
(AM335x)
IEC61850 Client/Server Available from 3P (TriangleMicroWorks) TMW
(AM335x)

SDK: Software Development Kit
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PRU - Simple Coding Examples

Project

Scale

Comment

SPI Interface with ADS131E0

Scale up to 8 SPIs

eliminates 4 x STM32

3 Phase PWM

8 kHz compl 3 phase

overcome pin-mux

SINCS3 Filter for Sigma Delta Modulator

2 channel 10MHz

Resolution (Bits)

Soft-UART up to 115200 baud Two full duplex Soft-
UARTS per PRU
ADS131E AM335x PRU PWM Metrics
s == 140
| === ’ml 120
oo T 80—
4 - | — T § 60 \ =1 phase
| _||-—“:—‘|]_7m E 40— \\\ z‘l’n’::""“'"‘“
= 0 %T 3 phase
= e ~ T 0 =
H—-" E 8 0 12 14 output
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Agenda

* Introduction to the PRU Subsystem (PRU-ICSS on AM335x)
* Getting Started Programming
— PRU Assembler (PASM)

— PRU Development Support Integrated in CCS
— Linux PRU Application Loader

* PRU Application

¢ Other Resources
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PRU-ICSS Documentation and Resources

» CCS External Download at
http://processors.wiki.ti.com/index.php/Download CCS

* AM335x PRU-ICSS Documentation is available in the
AM335x PRU-ICSS package
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Backup

i3 TEXAS INSTRUMENTS

IA-SDK Links

* Download:
— http://www.ti.com/tool/sysbiossdk-ind-sitara

+ Getting Started Guide (generic):
— http://processors.wiki.ti.com/index.php/AM335x_SYSBIOS_Industrial_SDK_
Getting_Started_Guide
* Release Notes (release dependent):
— http://processors.wiki.ti.com/index.php/AM335x_SYSBIOS Industrial SDK
01.00.00.08 Release Notes
» User Guide (release dependent):
— http://processors.wiki.ti.com/index.php/AM335x_SYSBIOS_Industrial_SDK_
01.00.00.08_User_Guide
+ Default install path:
<drive>:/ti/lam335x_sysbios_ind_sdk_x.x.x.x
— Should be aligned with CCS and Sys/Bios paths
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Communication Slave Architecture

-
Tl Software A33Ex
e | Industrial Application |
+ SYS/BIOS based IA-SDK Layer 7 - Application IS
« Starterware device drivers | Slaw:’;tack |
* Protocol adaptation layer > ARM
* PRU-ICSS firmware implementing g
commuication protocol HW layer | Protocol Adaptation Layer ‘
s ] |
. Customer PRUSS Driver (API)
Third Party Software - i <
« Slave stack source code T | PRU Firmware ‘ J [
g PRUSS
| PRUSS with 2xMI| |
Customer Software  Layer2-patavink
* Industrial Application Layer 1 - Physical | Ethernet PHY |
» Sample application provided by TI TLK100/TLK110

i3 TEXAS INSTRUMENTS

Example: EtherCAT Slave

Tl Software

» SYS/BIOS based SDK

N
« Sitaraware device drivers AM335x
* Protocol adaptation layer for - | Industrial Application |
EtherCAT Layer 7 - Application 75
« PRUSS EtherCAT firmware 2
| EtherCAT Slave Stack | -
Third Party Software @
* Fully validated evaluation | Protocol Adaptation Layer ‘
version of Beckoff Slave g
stack included in Software Customer | PRUSS Driver (AP)) |
. - )
DevelopmenF Kit ' Third Party £
* Free production license for | PRU Firmware ‘
ETG members (ETG m i PRUSS
member.shlp 1 free) ) | PRUSS with 2xMIl |
» Compatible with other third Layer 2 — Data Link
party EtherCAT stacks Layer 1 - Physical
Customer Software | Ethernet PHY |
* Industrial Application TLK100/TLK110

» Sample application provided by Tl
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IA-SDK contents

[docs] - main documentation
[drivers] - PRUSS, LED, MMU and UART drivers for ICS/IDK
[examples]

..[ethercat slave] - EtherCAT example (to be used with SSC)
..[powerlink slave]

..[profibus_slave]

..[uartecho]
[platform] - generic AM335x drivers (based on Starterware)
[protocols] - PRU firmware and API libs

..[EtherCAT slave]

..[Powerlink slave]

[starterware] - base SoC code, drivers and tools
[tools] - GEL, post build and FLASH tools

i3 TEXAS INSTRUMENTS

EtherCAT Protocol

[docs] - EtherCAT Firmware/API docs

[firmware] - PRUSS binary as header files for PRUSS driver usage
[ecat appl] - EtherCAT example to be patched on SSC 5.0.1 sources
[include] - header files for EtherCAT slave controller (ESC) API

and Slave Sample Code
[stack] - pre-compiled library of Beckhoff SSC (proprietary sw)

» SSC source code is available for free from Beckhoff for all ETG
members.

+ SSC source required to modify stack options and/or change EtherCAT
application

« Future IA-SDK to be based on latest SSC release at the time
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IA-SDK File Structure

|--- sdk
|--- docs

|---AM335x Industrial SDK User G

|
|
| |---AM335x Industrial SDK Releas: AM335x
| |---4M335x Industrial SDK Gettim
i Industrial Applicatio

| |--- drivers Layer 7 - Application
| |--- include ~
| | lib 'S EtherCAT Slave Stack (Free from |

-1 5 ]

& ETG orom 3Ps Starter | ~ ARM
| |--- src Ware
| |--- examples T Protocol I/-\daptatlon Layer Peripherals
| |--- ethercat

: ETG stack 3 12¢

| |--- i2c_led PRUSS Driver (API) SPI
| |--- uvart_echo T EMIF
| |- platforn g PRU Firmware

= 2
| |--- an335x LE 1 PRUSS
| I-=- evman335x = PRUSS with 2xMIl
| |--- include Layer 2 — Data Link| E
| F= Layer 1 - Physical
| |-=- src Ethernet PHY
B erotels Source code TLK100/TLK110
| |--- ethercat Object
| |--- docs
| |--- firmvare
| I=== Include ETG: EtherCAT Technology Group
| |--- stack

e i3 Texas INSTRUMENTS
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