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QorlQ Platform Continuum

2011

QorlQ Qonverge
platform launch

T series 28nm

2008

QorlQ Multicore
Platform launch
(P series)

Vv
. %

P series 45nm

2004
Dual-core processor

MPC8641D with e600 core

2002 90nm

Host Processors QorlQ
MPC744X with e600 co, The smarter
approach
1995 .
PowerQUICC to multicore

processors launch
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2013

QorlQ next-generation
platform based

on Layerscape architecture

Accelerating the
Network’s IQ

20 Years of Networking
Ingenuity from

the #1 Leader in
Communications Processing




QorlQ Processing Platforms

» LS3 (future)
» T4240/T4160
* P5040/P5021

* P5020/P5010

* P4080/P4040 Service Provider Network Storage

Routers Admission Control Networks

High-performance Tier
« Upto 2.4 GHz
* 11to 24 cores
* Large L2 caches

Mid-performance Tier » LS2 (future)
« Upto 1.8 GHz + T2080/T2081
» Highly-parallelized workloads * P3041 e
* 48 Gbps IP forwarding * P20x(4)
. High amount of off-load Metro Carrier Aerospace Access
Edge Router & Defense Gateway

Value-performance Tier

+ Upto 1.8 GHz * LS1 families

>z

« 3W fanless designs * T1040/T1042
« Broadest portfolio ofgpower— * T1020/T1022
efficient SoCs * P101x(8), P102x(5), UTM Security  Industrial Computing Enterprise

Appliances & Networking Routers/Switches
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QoriQ P1010

Power Architecture™
e500v2 Core

32KB 32KB
D-Cache I-Cache

Security Fuse Proc

Security Monitor

USB 2.0 w/PHY T —— —
IFC, TDM Dl
Power Management =
SD/MMC 8 8 8 o
ool |22 <
2x DUART Sl 8 8 c</()
2x 12C
SPI, GPIO — —
6-Lanes 3.125GHz
SERDES
Device
* 45nm SOI Process
» 425-pin TEPBGA |
* 19 x19mm, 0.8mm pitch
Power
e <3W
» -40C to +105C Tj
R
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256KB
Platform Cache

| SATA 20

Coherent System Bus

FlexCAN
FlexCAN

Processor
» e500v2, 32b, 533 - 800 MHz
+ 36-bit physical addressing
* Memory SubSystem
» 256KB Frontside L2 cache w/ECC

16/32-bit
DDR3/3L

Memory Controller

+ 32-bit DDR3/3L, 800 MHz data rate
+ 16-bit DDR3/3L, 800 MHz data rate w/ECC
High Speed Serial 10
* 2 PCle 1.1 Controllers (2.5GHz)
* 2 SATA 2.0 3Gbh/s
+ 1 USB 2.0 with PHY
» Host/Device support
» 2 FlexCAN 2.0b Controllers
Network 10
» 3eTSECs (10/100/1000)
+ Software fastpath acceleration
» 1588v2 support
» Up to 2 with SGMII
Misc 10
« TDM

* Flash Controller supporting NOR, SLC and MLC
based NAND devices

* SD/MMC card controller

+ 2x DUARTS, 2x 12Cs

Acceleration
» SEC 4.4 - crypto acceleration 2Gbps
» Secure Boot

Real Time Debug
JTAG
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QorlQ P1021/P1025 Block Diagram

Not on P1012
Not on P1016

DDR2/DDR3,
) SDRAM [32b
Controller

Security
Accel

Enhanced Local|16P

A Bus
. . Perf Mon'
) DUART, MPIC

? ? 1 2x 12C, Timers

USB2.0
Coherency Module
!

System Bus SPI

) -

]

Quicc _
Engine 3x On-Chip Network
GE
UTOPIA, MAC DMA PCI PCI
TDM, Mll Express Express
| ﬁ
x4 SerDes

» P1025/P1016 product option available in small foot print package
» Supports 400-667 MHz operation

» DDR3 only for lowest possible power

* 561-pin TePBGA-1, 23 mm x 23 mm

<@
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Dual e500v2 Power Architecture cores
+ 533-800 MHz
» 256 KB frontside L2 cache w/ECC, HW cache
coherent
+ 36-bit physical addressing, DP-FPU
System unit
« 32-bit DDR2/DDR3, 667 MHz data rate w/ECC
* Integrated SEC 3.3 security engine
* Open programmable interrupt controller, perf mon,
2x 12C, timers, 16 GPIOs, DUART
* 16-bit enhanced local bus supports booting from
NAND Flash
» USB 2.0 controllers host/device support
* SPI controller supporting booting from SPI serial
Flash
* SD/MMC card controller supporting booting from
Flash cards
» Three 10/100/1000 Ethernet controllers (VeTSEC)
w/jumbo frame support, SGMII interface
* IEEE1588 v2 support
* QUICC Engine for protocol offload and legacy
interfaces
* TDM interfaces with HDLC support
* UTOPIA-L2 interface for ATM support
» Two PCI Express 1.0a controllers operating up to
2.5 Gbps
» Power management
Process and package
* 45nm SOI, 0.95V+/-50mV, -40C to 125C Tj
* 689-pin TePBGAII
<5W max for 800 MHz
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Apps Tower Systems

Industrial

Stacks _

Wired and Wireless
Backhaul
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- Controller Module: TWR-P1025

QorlQ P1025 Controller Module

Hardware:
/ TWR-P1025 \ * QorlQ P1025 dual-core processor

» Tower compatible processor module

* JTAG 14-pin header

* User-controlled status LEDs

» DIP Switches and push buttons for user input
* 512 MB of DDR3 memory

* Boot from NOR flash or eSDHC

» Two GETH interfaces (both RGMII)

* One PCle interface x1 (mini-PCle+USB)

* Two USB 2.0 interfaces

» Two UART interfaces (via mini-USB)

* One accelerometer (on I12C)

* QE UART header (provides RS485 connectivity via interface

card)
Software:
MSRP: $199 . Llnufo3.0 SDK
Launch:  April 2012 * MQX™ RTOS

First Deliveries: May 2012 « CodeWarrior IDE

\ / » Demo kit with 5x Tower System end applications

* 100% compliant with Tower System infrastructure
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PROFIBUS Solution Partners PIRIOIF] I M

BjUIS
Applicatiorf |ESSNAINEN | Pre-integrated, certifiable PROFIBUS solutions:

Layer 7 Application 0
ower
Architecture®
ABI Core
PROFIBUS DP
B TMG Automation www.tmate.de/en/
Data Link ] quicc —JL«I] Technologie * PROFIBUS DP master and slave
Layer 2 PROFIBUS FDL Engine Management Gruppe
controller @J Technologie und Engineering StaCk
Physica my— * PROFIBUS development services

Third-Party or Customer

Freescale www.freescale.com/PROFIBUS
* QorlQ and PowerQUICC processors

« Tower System with Linux® OS

* email: profibus@freescale.com

freescale.com/PROFIBUS
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> 3M (2011)

Global Fieldbus Market Share

Foundation
Fieldbus 2%

CCLink 9%

DeviceNet9%

CANopen

Profibus PA 2%

Master / Slave*

Dem

source: Pl North America
nuary 2011

CAN

op Field bus

Siemens

Other1%

> 3M (2011)
/

AN

> 35M (2011)

/

Rockwell

Many

y

E PROFINET

O EtherNet/IP

O Modbus TCP/IP

O Ethernet-
Powerlink

B EtherCAT

B Others

11%

30%

Industrial Ethernet (2009)

Compatibility

Ported to
QorlQ

< - EtherNet/IP>>

EtherCAT.
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1icEE 1588 — Standard for a Precision Clock Synchronization Protocol

The standard defines a Precision Time Protocol (PTP) designed to synchronize real-time clocks
in a distributed system

Intended for local area networks using multicast communications (including Ethernet)

IEEE 1588 was designed to work within a building or factory

= Intended typically for industrial automation and test and measurement systems (e.g. synchronized
printing presses)

Targeted accuracy of microsecond to sub-microsecond

Version 1 approved September 2002 and published November 2002
Version 2 approved March 2008 and published August 2008
Available from the IEEE 1588 web site (http://ieee1588.nist.gov)

- /
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Node A: Node B: Node C: Node A: Node B: Node C:
Time =9:04 Time =9:29 Time =9:28 Time =9:04 Time =9:04 Time =9:04
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kh!orIQ P2041

Quad e500mc Power Architecture®
* 4 cores (up to 1.5 GHz)

Power Architecture + 128 KB private backside L2 per core
128 KB e500mc Core » 1 MB shared CoreNet platform cache
Backside o4-bit w/ECC
L2Cache 32KB  32KB 1024 KB o
e | o Frontside —>  DDR3/3L Memory controller
IR I CPCache Memory Controller - DDR3/3L SDRAM up to 1333 MHz
¢ ¢ + 32/64 bit data bus W/ECC
cOpenPIC < High speed interconnect
PreBoot Load CoreNet * 3 PCle 2.0 Controllers
resooteader < Coherency Fabric « 2 sRapidlO 2.1 Controllers
Security Monitor -e— At Uit = Type 9 and 11 messaging
Internal BootROM €| ¢ ¢ ¢ ¢ *+ 2SATA2.0
Power Mgmt <€ CoreNet switch fabric
Frame Manager Real Time
SDIMMC <& sec | buevel<rd | DMA Debug Ethernet
SPI <1°BCl 190 Mgr Parse, Classify, x2 oll o| | |Watchpoint * 5x10/100/1000 Ethernet controllers
16b : or Distribute RN Sross = Or 4x 2.5 Gbps SGMII
- : 3 Trigger . p
2x DUART i Pattern [ Buffer | S [ porr [corenet + 1 x 10GE controller
4x12C - |8 Match || §Butfern e 1GE o Sl | S| S| Monitor| Trace « All w/ classification, H/W queuing, policing,
R < | rvanll 5o 1 | Mo 10GE \%%‘ 1GE E o - buffer management, checksum offload,
ClockelR 1GE QoS, lossless flow control, IEEE® 1588
ocks/Reset < \ v vV A « Up to 5 SGMII or 2.5 Gbps SGMII, 2 RGMII
GPIO =] Data path acceleration
10-Lane 5 GHz SerDes
CCsR = . SEC 4.0
* PME 2.0
Device
Qualification Rev 1.1: Jun 2012 « 45nm SOI process
e ; . * 783-pin package
Qualification Rev 2.0: Apr 2013 - 2323 mm. 0.8 mm pitch
= Pin compatible with P2040
» 12.5W thermal max (est) w/o I/O at 1.2 GHz
P
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QOT’IQ T4240 12 x 64-bit, dual-threaded cores with AltiVec—up to 1.8 GHz

= Data path acceleration architecture

2133+ MT/s * FMan parse/class/distrik?ute/policing
* QMan queuing, scheduling, shaping
_- 64b DDR3 * BMan buffer manager
— w/ECC + Rman RapidlO® manager
» PME Reg-ex pattern matcher

I: 32 KB 32 KB 32 KB 32 KB 32 KB 32 KB 32 KB 32 KB 64b DDR3 . SEC wireless. SSL and IPSec
D-Cache I-Cache D-Cache I|-Cache D-Cache I|-Cache D-Cache I-Cache wW/ECC enc}yption

» DCE data compression engine
—, 64b DDR3 » TCP/IP offload
w/ECC
+ 40 Ghps IPv4 @ 64B

* 20 Gbps IPSec @ IMIX

eOpenPIC <+ + 10 Gbps RegEx @ IMIX
2 CoreNet + 20 Gbps compression @ 4KB
PreBoot Loader <«— Coherency Fabric
. . | Peripheral
Security Monitor <— PAMU Accees Mol i
Internal BootROM <— I I I i I I I I
Power Mgmt <€ sec FMan f FMan o — 171 Real Time
Sb/MMC “ QMan Parse, Classify Parse, Classify B Debug
- ' ' ’ Watchpoint
S| «— Distribute Distribute 3 oo Crogs
pME | | BMan | T aufler ] [ Buffer | g - > | P Trigger
2x DUART <+ . e — . . E |<TZ |<T: MPeyf C_?reNet
Pre- 1G/1G|1G 1G/1G|1G| | © ol & onitor| Trace
2x 12C <t |Fetch| | RMan| 1106 1/10G 1/10G 1/10G --- glelalslelolo
1G|1G|1G 1G|1G|1G olololoflzfx Aurora
IFC 7 DCE T plele)a T T
2 x USB2.0 W/PHY<_ A 4 A 4 y V.V A4 vV V.V VY y v
' 32 Lanes up to 10GHz SerDes
Clocks/Reset 4
GPIO <« Upto 24 Gbps per FMan Power target: <50W TDP
CCSR <+
o
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Altivec

Altivec

Altivec

Altivec

T T

T T

T T

T T

€6500

€6500

€6500

€6500

32KB | 32KB

32KB | 32KB

32KB | 32KB

32KB | 32KB

2MB 16-way Shared L2 Cache, 4 Banks

CoreNet Interface
40-bit Address Bus 256-bit Rd & Wr Data Busses

CoreNet Double Data Processor Port

Core Performance CoreMark™ Benchmarks

Dual 6C/12T server

CoreMark™ / Watt

*Source: www.coremark.org

32 core

processors processor -jl:igéli)‘rr
*
@2.266GHz @1.5GHz* A

13

@5 Performance starts with the Core: 6500

High Performance

* 64-bit Power Architecture® ISA v2.06 core

* Dual threads provide 1.7 times the
performance of a single thread

» Clustered L2 cache allowing strict allocation
or full sharing
128-bit AltiVec SIMD unit

— 192 GFLOP aggregate

Large Memory Space
* 40-bit physical address

Increase Productivity
* Core Virtualization
* Hypervisor
* Logical to Real Address Translation

Energy Efficiency
» 1.4 to 2 times more power efficient than the
nearest competition
» Drowsy: core, cluster, AltiVec

Freescale, the Freescale logo, AltiVec, C-5, CodeTEST, CodeWarrior, ColdFire, ColdFire+, C-Ware, the Energy Efficient Solutions logo, Kinetis, mobileGT, PEG, PowerQUICC,
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Instruction Unit

Fetch Stages
» Hﬁ

Branch ector 3 ex | Simple | Simple
Executic 1 i Tt Integer Integer Integer
Unit Init Unit 1 Unit 2

CoreNet Bus Architecture
36-bit Au."2ss Bus 128-bit Rd & Wr Data Buses

Altivec is a vector architecture allows the
simultaneous processing of multiple data
items in parallel. Operations are performed on
multiple data elements by a single instruction.
This is referred to as Single Instruction
Multiple Data (SIMD) parallel processing.

L £
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Backside
L2 Cache

=i || Altivec Accelerator
High-Performance, Low-Power

Characteristics
» 128-bit vector size
» Separate register file with 32 registers
* Vector-element datatype of 8, 16, 32-bit signed/unsigned int,
and IEEE SP float

» 162 instructions
* Intra and inter-element arithmetic instructions
* Intra and inter-element conditional instructions
» Powerful Permute, Shift and Rotate, Splat,
Pack/Unpack and Merge instructions
+ Saturation or modulo arithmetic
» Four-operand, non-destructive instruction format
* Modeless operation for zero-overhead use of AltiVec
instructions
+ Simultaneous dispatch of one ALU-class vector and one
permute-class vector, or either paired with a vector load/store
 All instructions fully pipelined with single-cycle throughput

. Lowered Vdd
. Power Gating
Technique (Drowsy w/ State
(Shut Down) :
Retention)

Products Applications

Use Cases w/o AltiVec with periodic AltiVec

Idle Leakage Power 5mwW 28mw

(mW/Core, T4240) (90% savings) (50% savings)



AltiVec Applications

Aerospace & Defense
Civil Radar
~— Military Radar
Counter-measures

Avionics

Flight computers
Flight control systems
Displays

Industrial & Communication
Image Analysis

Multi-axis control

Robotics

Freescale, the Freescale logo, AltiVec, C-5, CodeTEST, CodeWarrios
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P
P Data Path Acceleration Architecture

P Series | T Series

DPAA is designed to balance the performance of | T
Accelerators with seamless Integration e500mc . e6500 [
- ANY packet to ANY core to ANY accelerator or network Core | 26| Core

interface efficiently WITHOUT locks or semaphores. m?ﬂ | m?ﬂ
“Infrastructure” components t
- Queue Manager (QMan) CoreNet™ _
- Buffer Manager (BMan) A A ey el A
“Worker” Components ¢ ¢
- Cores DCE DCB
- Frame Manager (FMan)

. RMan RE
- RapidlO Message Manager (RMan)
- Cryptographic accelerator (SEC) Sec4.x | PME2
- Pattern matching engine (PME) ¢_ 1
- Decompression/Compression Engine (DCE) | Queue Buffer
- DCB (Data Center Block) ! LB Mar V
|
- RAID Engine (RE) Frame Manager ‘ | | Frame Manager
CoreNet 10GE }EGE‘HFHE | Par'Dsg,t(_:tIJafsify,
1GE| 1GE| == = Istribute

- Provides the interconnect between the cores and the l l l ':

DPAA infrastructure as well as access to memory. | T

I 1/10G 1/10G 1 =

5 I
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System Interfaces

QorlQ Layerscape Architecture

System Control

System Visualization (Debug/Tuning)

General Purpose Processing Layer (GPPL)

Accelerated Packet Processing Layer (APPL)

L2-L7
Switch
Engine

Pattern

Match
Engine

Accelerated Packet Processor

Decomp | Security Blz;;?]dce Packet
Engine Engine Engine Buffer
Express Packet 1/0O Layer (EPIL)

Eih :
Imérfég@géouolle RapidlO JPCI-Express

SERDES

-

L 4
Z “freescale - o

GPP Layer

APP Layer

EPI Layer

 Core-agnostic (Power Architecture®
or ARM ® cores)
 Consistent APIs/libraries with tools
abstract hardware changes
« Single framework for programming
GPPL/APPL

» Capable of fully autonomous offload
« Synchronous run to completion
model
* True programmability

» Deterministic performance

« Scalability from 1G-100G

» Packetized I/O between all
interfaces supporting L2+ switching

 Performance insights for real-time network adjustments
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System Control
Internal BootR OM
Security Fuses
Security Monitor
Power Management
DA
System Interfaces
IFC Flash
Quad5Pl Flash
1x SD/MMC
2z DUART, &x LP UART
B |20 1 2x 5PV 4x 125
4x CAN, FlexTimer, PVWM
ASRC I SPDIF
1x USE 3.0 w/PHY
ixUSB 2.0

LCD Contralier

QorlQ LS1021A

ARM Cortex ARM Cortex
A‘.-' AT

KB | 32KEB J 37KB I2KB
[-Cachdg |-Cache ID-Cachd |-Cache

512KB Coherent L2

Cache Coherent Interconnect (CCI 400)

Key System Integration Features:

» Low-cost NAND/NOR flash systems
* DDR3L/4 interface with ECC support
* USB3 SuperSpeed

* Audio networking and motor control

L £

“freescale -

g

Ethem et

PCle 2.0
PCle 2.0

Ethemet
Ethemat

4-Lane 6GHz SERDES

SATAIO

- Dual ARM Cortex-A7 cores
up to 1.0 GHz

- ECC protected L1/L2 caches

- NEON

- Excellent Coremark / mW ratio

« ARM AMBA4 MPCore™ Virtualization

* QorlQ Trust Architecture and
ARM TrustZone support

+ 3-port GigE with IEEE 1588
» 2X PCI Express Gen2
» Multi-protocol 4-Lane SerDes
* PCle, SATA3, SGMII
* QUICC Engine — HDLC/TDM/ProfiBUS
» EnergyStar support with fast wakeup
» 2Gbps IP forwarding

Package & Board:

Package: 525-pin, 19x19mm, 0.8mm pitch

Power: ~3.7W @1.0GHz Typical

Temp: -40C to 105C Tj

Boards: Tower low-cost board

Freescale Linux BSPs
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Freescale QorIQ™ SDK

Components

S 1 § § % USDPAA Apps || Linux Apps (FMC, QEMU, LXC...)
c |E= = i
% %: 2 g % i 2 Linux Kernel (UIO, KVM,...)
S g e Linux Networking Drivers (DPAA)
5 CodeWarrior g 8 p
Q | Workbench |E, g E| FMan/PCD BMan / QMan || MAC/
s Driver Driver Port Lib
Eclipse Workbench &
FSL Embedded Hypervisor
SDK Yocto Build
Framework / GNU tools Boot loader (U-Boot)
(gee, gdb, eglibe, binutils)

Codewarrior / 3™ Party Platform trust (Secure boot)
Debug / Trace Probe
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Unified SDK for QorlQ
Processors

QorlQ T-series, P1-P5,
select PQ3

SDK for QorlQ
Processors
with DPAA
QorlQ P3-P5

ihux 2.6.34
GCC45.1

SDK for QorlQ
Processors

without DPAA

QorlQ P1-P2, select PQ3

Linux 2.6.35

Yocto 1.1

Linux 3.0.34
GCC4.6.2

Linux 3.0.51 Linux 3.8.13 Linux 3.8.x
GCC 4.6.2 GCC4.7.2 GCC4.7.2
Yocto 1.2 Yocto 1.4 Yocto 1.x

SDK 1.3.2:
T4240, B4860

* Current Release

=1 System Builder-based

GCC 4.5. B Yocto-based
1 1 1 I 1 1 1 »
>
3Q 4Q 1Q 2Q 3Q 4Q 1Q 2Q 3Q 4Q
2011 2012 2013
4
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2. QorlQ Configuration Suite
What is QCS ?

A no-cost configuration tool for QorlQ platforms based on
Freescale’s Processor Expert framework

Generates source files for use in board initialization code

A pure Java solution :

- works on Windows, Linux, Solaris, Mac OS,...

Avallable as an Eclipse plug-in for :
- CodeWarrior Development Studio for Power Architecture v10.x
- Generic Eclipse 3.5.1 or 3.6.1 C/C++ environment

- Available for download now : http://www.freescale.com/qgcs
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QorlQ Configuration Suite

- Configuration Tool : - Supported SoCs :
- Pre-Boot Loader (PBL) tool Catogaris rocessors X2

- DDR configuration tool @ 1011

- DPAA tool : @ P01
graphical editor for data path flow @ ri021
Configuration @@ P1023

- Device Tree editor : @ rooi1
supports references, synchronous @ rana1
GUI & XML editing, node validation & P4

g P4040_vwl_0
. pn . . . P4040_w2_0
based on specification bindings. @ P40 w1 0
& P4080_v2_0
= PS5
& Ps020

Z “freescale" 22



iO-Halw i s~

L1

LBl e

58 P .

Ready Play, SafeAssure, the SafeAssure logo, SMARTMOS, TurboLink and Xtrinsic are trademarks of Freescale Semiconductor, Inc. All other

T Project Panel E2 <§> & ~ =0 % *Component Inspector &3 % Companents Librarﬂ |Basic |Ad\-‘anoed Expert IIIh = =0
= @ testl . Properties |Imp0rt|
(= Documentstion — [J| SRDS_PRTCL [128-133] |
= SerDes PLL and Protocol Configuration BRDS_PRTCL Bank 1 Bank 2 Bank 3 |
= SerDes Reference Clocks alelclol E | F | @ | H 1lilalelciolalelc| D
: } 30_REF_CLK1 [MHz] PClel Debug ¥AUL XAUL
@ CDE R e SD_REF_CLK2 [MHz] O 0x02 (2.56) (5/2.56)| FM2 10GEC FM1 10GEC
€] InitDdrRegisters_2.c SD_REF_CLK3 [MHZ] ) 0x05 PCle 1 PCle 2 Debug XALI XALI
[ p40s0_vz_ods_ddr.c = SRDS_EN [178] {5/2.56) (5/2.5G) (5/2.5G) FM2 10GEC FM1 10GEC
PEL 1.pbl - - PCle 1 | PCIe 3 PCle 2 Debug XALL XALIL
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e Q ] SRDS DIV E1-Lanes GH [142) 0 010 PCle i |PCle 3 43 SEMIT Debug KALI Reserved (*1)
: SoCiP4080_v2_0 S (5/2.5G) |(5/2.5G) FM2 dTSEC[1:4] (*1) (5/2.56) FM2 10GEC
&G Embedded Components SRDS_DIV_E1-Llanes I [143] - RIO 2 IO L Debug WAL WAL |
A peL1:PEL SRDS_RATIO_B2 [194-146]
Q SerDes PLL 2 Clock SerDes Protocol Select
DOR_mc1:DDR ;
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