
External Use

TM

Migrating from QorIQ P1 Series
to QorIQ T1 Series Processors

J U N E . 2 0 1 5

Kelly Johnson | Applications Engineering

FTF-SNT-F1240



TM

External Use      1 #FTF2015

Agenda

• QorIQ T1023/24 Processors

• QorIQ 64-bit e5500 Core

• Reset Configuration Word (RCW)

• Data Path Acceleration Architecture (DPAA)

• QorIQ Linux SDK
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QorIQ T1013/23 Processor

Processor

• 1-2x e5500, 64b, up to 1.4GHz

• Each with 256 KB backside L2 cache

• 256KB Shared Platform Cache w/ECC

• Supports up to 64GB addressability (36 bit 
physical addressing)

Memory Subsystem

• 36b DDR3L/4 Controller up to 1600MTs

CoreNet Switch Fabric

High Speed Serial IO

• 3x PCIe Gen2 Controllers

• 1x SATA 2.0, 3GB/s

• 2 USB 2.0 with PHY

Network IO

• FMan packet Parse/Classify/Distribute

• Lossless Flow Control, IEEE 1588

• 4x 10/100/1000 Ethernet Controllers 

• 4x GbE or 3x GbE+ 1x 1/10GbE or QSGMII

• 10G KR supported for backplane

• MACsec on all ports

Green Energy Operation

• Fanless operation dual-core 1.4GHz

Datapath Acceleration
• SEC- crypto acceleration
• Full MACsec/CAPWAP/DTLS 

offload for WLAN

Device
• 28nm Process
• 525-pin package
• 19x19mm, 0.8mm pitch

T1013 single core option
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QorIQ T1014/24 Processor

Processor
• 1-2x e5500, 64b, up to 1.4GHz

• Each with 256 KB backside L2 cache

• 256KB Shared Platform Cache w/ECC

• Supports up to 64GB addressability (36 bit 
physical addressing)

Memory Subsystem
• 36/72b DDR3L/4 Controller up to 1600MTs

CoreNet Switch Fabric
High Speed Serial IO
• 3x PCIe Gen2 Controllers

• 1x SATA 2.0, 3GB/s

• 2 USB 2.0 with PHY

Network IO
• FMan packet Parse/Classify/Distribute

• Lossless Flow Control, IEEE 1588

• 4x 10/100/1000 Ethernet Controllers 

• 4x GbE or 3x GbE+ 1x 1/10GbE or QSGMII
− 10G KR supported for backplane

• MACsec on all ports

• QUICC Engine
− HDLC, 2x TDM, Profibus, Ethercat

Green Energy Operation
• Fanless operation dual-core 1.2GHz

• Packet lossless deep sleep 
− Programmable wake-on-packet  

− Wake-on-timer/GPIO/USB/IRQ

Datapath Acceleration
• SEC- crypto acceleration
• Full MACsec/CAPWAP/DTLS 

offload for WLAN

Device
• 28nm Process
• 780-pin package
• 23x23mm, 0.8mm pitch

T1014 single core option

CoreNet™ Coherency Fabric
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QorIQ T1040 Processor

Processor
• 4x e5500, 64b, up to 1.4GHz

• Each with 256KB backside L2 cache

• 256KB Shared Platform Cache w/ECC

• Supports up to 64GB addressability (36 bit 
physical addressing)

Memory Subsystem
• 36/72b DDR3L/4 Controller up to  1600MT/s

Corenet Switch Fabric
High Speed Serial IO
• 4x PCIe Gen2 Controllers

• 2x SATA 2.0, 3Gb/s

• 2x USB 2.0 with PHY

Network IO
• FMan packet Parse/Classify/Distribute

• Lossless Flow Control, IEEE 1588

• Up to 4x 10/100/1000 Ethernet Controllers 

• 8-Port  Gigabit Ethernet Switch 

• QUICC Engine
− HDLC, 2x TDM

Green Energy Operation
• Fanless operation quad-core 1.2GHz

• Packet lossless deep sleep 
− Programmable wake-on-packet  

− Wake-on-timer/GPIO/USB/IRQ

Datapath Acceleration
• SEC- crypto acceleration 

• PME- Reg-ex Pattern Matcher

Device
• 28nm Process
• 780-pin package
• 23x23mm, 0.8mm pitch
Power Targets
• Enable Convection cooled  

system design
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QorIQ P1, P2 and T1 Families – Feature Set Comparison
P102X vs T10XX Comparisons

P1020 P1022 P2020 T1023 T1013 T1024 T1014 T1022/20 T1042/40
Core 2x e500v2 2x e500v2 2x e500v2 2x e5500 1x e5500 2x e5500 2x e5500 2x e5500 4x e5500
Power ISA 32b 32b 32b 64b 64b 64b 64b 64b 64b

Max Coremarks 4,960 7,440 8,265 10,360 5,180 10,360 5,180 10,360 20,720 

fmax MHz 800 1200 1333 1400 1400 1400 1400 1400 1400
L2 BS cache - - - 256KB BS 256KB BS 256KB BS 256KB BS 256KB BS 256KB BS
Plaform cache 256KB 256KB 256KB 256KB 256KB 256KB 256KB 256KB 256KB
DDR Type 2/3 2/3 2/3 3L/4 3L/4 3L/4 3L/4 3L/4 3L/4
DDR speed to 1333MTs to 1600MTs to 1600MTs to 1600MTs to 1600MTs to 1600MTs to 1600MTs to 1600MTs to 1600MTs
DDR width 36b 36b/72b 36b/72b 36b 36b 36b/72b 36b/72b 36b/72b 36b/72b
SERDES 4 6 4 4 4 4 4 8 8
PCIe type v1 v1 v1 v2 v2 v2 v2 v2 v2
PCIe lanes 2x 1 3x 1 2x 1 3x 1 3x 1 3x 1 3x 1 4x 1 4x 1
GbE 3 2 up to 3 up to 4 up to 4 up to 4 up to 4 up to 5 up to 5
2.5G SERDES No No No Yes Yes Yes Yes Yes Yes
QSGMII No No No Yes Yes Yes Yes Yes Yes
10GbE I/O - - - 1 1 1 1 - -
Switch option - - - - - - - (T1020 only) 8 port (T1040 only) 8 port 

SRIO - - x2 - - - - - -
MACSEC - - - all ports all ports all ports all ports all ports all ports
HW offload - - - DPAA v3 DPAA v4 DPAA v3 DPAA v3 DPAA v3 DPAA v4
Crypto SEC 3.x SEC 3.x SEC 3.x SEC 5.x SEC 5.x SEC 5.x SEC 5.x SEC 5.x SEC 5.x
PME - - - - - - - Yes Yes
TDM/HDLC Yes - - - - Yes Yes Yes Yes
SATA - 1.0 x 2 1.0 x 2 2.0 x1 2.0 x1 2.0 x1 2.0 x1 2.0 x2 2.0 x2
USB 2.0 x2 2.0 x2 2.0 x2 2.0 x2 w Phy 2.0 x2 w Phy 2.0 x2 w Phy 2.0 x2 w Phy 2.0 x2 w Phy 2.0 x2 w Phy
Deep Sleep - Yes Yes - - Yes Yes Yes Yes

Auto Response - - - - - Yes Yes Yes Yes

DIU - Yes - - - Yes Yes Yes Yes
1 clock source - - - Yes Yes Yes Yes Yes Yes
Fwd perf ~1Gbps ~1Gbps ~1Gbps ≥ 2.5Gbps ≥ 2.5Gbps ≥ 2.5Gbps ≥ 2.5Gbps ≥ 2.5Gbps ≥ 2.5Gbps 
Package 31x31 PBGA 31x31 PBGA 31x31 PBGA 19x19 FCBGA 19x19 FCBGA 23x23 FCBGA 23x23 FCBGA 23x23 FCBGA 23x23 FCBGA
W (Typ) ~3-4W ~5-6W ~7-9W ~3-5W ~3-4W ~3-5W ~3-4W ~5-8W ~6-10W
Pin Compatible No No No Yes Yes
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Continuing Power Architecture Innovation

The industry’s most 
scalable pin compatible 

communication 
processor family

T2081

Dual-Core 
up to 1.4GHz

T1020

T1022

T1042

T1040
Dual-Core up to 1.4GHz

Integrated GE Switch

Quad-Core 
up to 1.4GHz

Quad-Core to 1.4GHz
Integrated GE Switch

Eight Virtual Cores 
up to 1.8GHz

Branch Office 
Industrial

Enterprise AP 

Enterprise 
Campus Line 

Cards

T2080

T4240

Core Network
Cloud Networking

Wireless

24 Virtual Cores 
up to 1.8GHz

� Scalability
� Performance
� Integration

T1024

Best Dual  
Core $/W

• Scaling 1 to 8 cores
• Power <4W to <20W
• Performance 2 to 20Gbps

T4080

T1014

Pin compatible solutions

Leadership in 
virtualization

T4160

Single Core 
Up to 1.4GHz
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Performance Upgrade – QorIQ P Series to T Series SoCs

P1020 P2020 T1022 T1040 P3041 P4080 P5040 T2080 T4240
Ipfwd Gbps (IMIX) 1.0 1.1 4.2 4.2 5.0 10.5 10.5 15.8 25.3
IPSec Gbps (IMIX) 1.0 1.5 10.0 10.0 8.0 20.0 20.0 20.0 40.0
DDR bandwidth (Gbyte/s) 1.0 2.4 4.8 4.8 4.0 8.0 9.6 6.4 19.1
DMIPS 1.0 1.5 2.4 4.8 4.1 8.1 8.2 13.5 40.6

Coremark 1.0 1.5 1.9 3.8 3.9 7.9 6.5 10.7 32.2
EEMBCv2-IPMark 1.0 1.5 2.1 4.0 4.1 7.7 6.8 10.2 22.4
EEMBCv2-TCPMark 1.0 1.5 1.7 3.3 3.9 7.6 5.6 9.1 24.9
EEMBCv2-DENMARK 1.0 1.5 2.3 4.4 3.5 6.7 7.6 11.7 29.8
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e5500 Core
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QorIQ 64-bit e5500 Core

• 64-bit Core Architecture for higher performance, 
computational intensive applications
− 64-bit ISA support (Power Architecture v2.06 compliant)

− Increased addressable memory space

− Supports up to 2 GHz CPU frequency

• High-Performance Classic Floating Point Unit (FPU) for 
Industrial applications
− Supports IEEE Std. 754™ FPU Double Precision Floating Point

• Hybrid 32-bit mode to support legacy software and 
transition to 64-bit architecture
− Register settings allow users to utilize 32-bit mode or 64-bit mode, 

easing transition to 64-bit architecture

The e5500 core is a low-power implementation of the 
resources for embedded processors defined by the
Power ISA™

Leveraging the e5500

• Based on the e500mc 
architecture with 64-bit 
ISA

• Core frequency up to 
2GHz

• Up to 64GB addressable 
memory space

• Supports up to 512KB 
backside L2 cache 

• High performance classic 
FPU
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Advantages of e5500

Features Benefits

64-bit ISA Support

• Provides the ability for the core to utilize twice the amount of data per CPU 
cycle (64-bit vs 32-bit), which increase performance for computational-
intensive applications with large data sets

• Increased addressable memory space makes programming easier as it 
allows a single process to have a larger address space, and enables more 
complex applications that need more memory space.

7-stage Pipeline with Out-
of-Order Execution

• Allows the core to continue to do productive work in the event of a stalled 
instruction or a wrong branch prediction. 

Floating Point Unit
• Classic double precision floating point supported which allows for faster, 

more accurate computation

Backside L2 Cache
• Provides a lower latency cache with higher bandwidth to the core, enabling 

higher performance, and Reduces the transactions on the shared 
interconnect and DDR memory 

Up to 2GHz CPU 
Frequency

• Higher frequency provides additional performance for 32-bit & 64-bit 
applications.  Applications with complex numerical algorithms will particularly 
see a performance improvement due to 64-bit and higher frequency. 
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e5500 vs e500 Performance Deltas

New e5500 Features
• Link stack branch predictor

• Faster integer divider
− 3 bits of result per cycle vs. 2

• Instructions
− SPR instructions handled in CFX improves 

SFX instruction issue

• cmpb instruction
− finds string differences quickly; 

• 64-bit load/store instructions for strcmp()

• Dhrystone Results:

Backside Cache Advantage
• e5500 Backside L2 cache can 

significantly improve 
performance
− L2 cache operates at CPU 

frequency rather than platform 
frequency

− Much lower L2 latency

Core Dhrystone DMIPS/MHz

e500v2 2.4

e5500 3.0

Core L2 Latency

e500v2 (Frontside L2) 23 core cycles

e5500 (Backside L2) 12 core cycles
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Reset Configuration Word (RCW)
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Reset Configuration Word (RCW)

• An external memory interface is used to import a subset of the reset 
configuration information from a memory device during reset. 
− This information is called reset configuration word (RCW) data.

• The pre-boot loader (PBL) loads RCW data from a non-volatile memory 
device interface, as specified by the RCW source configuration inputs.
− This approach does not completely remove the necessity for at least a few 

power-on reset (POR) configuration signals. 

• The logic involved is clocked directly from SYSCLK since RCW importing 
takes place before on-chip PLLs are configured.

• The RCW is 512 bits long in order to contain all necessary configuration 
information for the chip. RCW data is read from external memory and 
written to the RCW status registers.
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Reset Configuration Pins (SoC Specific)

• RCW source
− cfg_rcw_src[0:8]
− Select the source for RCW data: NOR Flash, SD/MCC, I2C, SPI, NAND Flash

• General purpose input
− cfg_gpinput[0:7]
− Available for application-specific use

• IFC external transceiver enable polarity select
− cfg_ifc_tc

• DRAM type select
− cfg_dram_type
− DDR3L technology (1.35V) or DDR4 technology (1.2V)

• "Single Oscillator Source" clock select
− cfg_eng_use0
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Pre-Boot Loader

• Simplifies boot operations, replacing pin strapping resistors with 
configuration data loaded from nonvolatile memory

• Loads PBL image from chosen source
− Loads RCW from external memory device

− Loads pre-boot initialization (PBI) commands - optional

• Uses the configuration data to initialize other system logic and to copy 
data from low speed memory interfaces (I2C, IFC, eSPI, and 
SD/eSDHC/eMMC) to configuration registers or memory

• Releases CPU 0 from reset, allowing the boot processes to begin
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PBI Commands

• Allows configuration of various interfaces before allowing cores to 
boot

• Similar to boot sequencer on previous devices
• Write to CCSR space (ACS = 0)
• Write to alternate space such as DDR or CPC SRAM (ACS=1)
• Commands

− Flush – Ensure previous write has taken effect

− CRC Check – performs CRC check on all data since last CRC check

− Jump – provide next address to jump to
− Wait – can’t poll registers but can set a number of sysclks to wait
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QCVS Configuration and Validation Suite (QCVS): 
PBL Configuration Tool

• Assists the user in creating a complete PBL image
• Supports both the PBL RCW and Pre-Boot Initialization (PBI) 

commands
• Provides a method for decoding previously generated PBL images 
• Performs basic data integrity checks
• http://www.freescale.com/qcs
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QCVS: PBL Configuration Tool
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QCVS: PBL Configuration Tool (Con’t)
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Data Path Acceleration 
Architecture (DPAA)
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QorIQ T1014/24 Processor

Processor
• 1-2x e5500, 64b, up to 1.4GHz
• Each with 256 KB backside L2 cache
• 256KB Shared Platform Cache w/ECC
• Supports up to 64GB addressability (36 bit 

physical addressing)
Memory Subsystem
• 36/72b DDR3L/4 Controller up to 1600MTs
Corenet Switch Fabric
High Speed Serial IO
• 3x PCIe Gen2 Controllers
• 1x SATA 2.0, 3GB/s
• 2 USB 2.0 with PHY
Network IO
• FMan packet Parse/Classify/Distribute
• Lossless Flow Control, IEEE 1588
• 4x 10/100/1000 Ethernet Controllers 
• 4x GbE or 3x GbE+ 1x 1/10GbE or QSGMII
• 10G KR supported for backplane
• MACsec on all ports
• QUICC Engine

− HDLC, 2x TDM, Profibus, Ethercat

Green Energy Operation
• Fanless operation dual-core 1.2GHz
• Packet lossless deep sleep 

− Programmable wake-on-packet  
− Wake-on-timer/GPIO/USB/IRQ

Datapath Acceleration 
Architecture (DPAA)
• Frame Manager (FMan)
• Queue Manager (QMan)
• Buffer Manager (BMan)
• SEC- crypto acceleration
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Multirate Ethernet Media Access Controller (mEMAC )

• IEEE 802.3ae (MAC layer and reconciliation sub-layer)

• IEEE802.3az (EEE (Energy Efficient Ethernet))
• CRC-32 checking with optional forwarding of the FCS

• CRC-32 generation and append on transmit

• Ethernet pause frame (802.3 Annex 31A) termination
• Priority Flow Control (PFC) frame support allowing 8 classes for higher 

layer congestion management

• Magic packet detection

• Support for VLAN tagged frames according to IEEE 802.1Q and double 
VLAN Tags (Stacked VLANs)

• Statistic counters 

• Deficit Idle Counter (DIC) for optimized performance with minimum IPG for 
LAN applications

• IEEE 1588 support
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Frame Manager (FMan)

• FMan supports a flexible 
pipeline of packet 
processing elements

• Frame data and per frame 
context is stored in 
internal memory while 
frame is processed

• Frame Processor 
Manager (FPM) 
“schedules” frames for 
processing by different 
elements to create 
appropriate pipeline

• Default pipeline 
configured for each port

Frame Manager

Parser

Shared Memory
Frame/Context//Tables

storage

BMI
(BMan I/F)

QMI
(QMan I/F)

1GE 1GE10GE 1GE

QMan

BMan

DMA

CoreNet Bridge

Keygen/

Coarse
Classify/

Distribute

Policer

mEMACs

FPM
Frame processing Mgr

SerDes

Packet/Frame In
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Frame Manager: Parse-Classify-Distribute (PCD)

• Header Parsing
− L2/L3/L4 parse and validate (checksum)

− User defined protocols supported

• Distribution 
− Hash based queue selection for load spreading

− Form “key” from selected header fields

− Key is input to hash function

− Frames from same flow will placed in same queue

• Classification 
− Exact match 

− Table lookup using selected header field

− Place frames in queues based on results of table lookup 

• Policing
− Color aware dual rate, 3 color

− RFC4115 and RFC2968

• Configure Frame Manager for PCD using Frame Manager Configuration (FMC) Tool

• Import FMC input files to Frame Distributor Wizard Tool for “viewing” and editing
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Default PCD Configuration: Flow 1
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Default PCD Configuration: Flow 2



TM

External Use      27 #FTF2015

Queue Manager (QMan)

• Low latency, prioritized queuing of 
descriptors between cores, network 
I/O, and accelerators

• Lockless shared queues for load 
spreading and device “virtualization”

• Order restoration as well as order 
preservation through queue affinity

• Active queue management (WRED)
• Optimized core interface which can 

pre-position data/context/descriptors 
in core’s cache

• Delivery of per-queue accelerator 
specific commands and context 
information to offload accelerators 
along with dequeued descriptors

FQD
Cache

Queue Manager
(QMan)

…

FMan

SEC

…
…

…
…

…

FD 
Memory

Queuing
Engines

Software Portals

…

CoreNe t To Cores

H
ardw

are portals

Frame Descriptor

Frame
Descriptor



TM

External Use      28 #FTF2015

Buffer Manager (BMan)

Buffer Manager
(BMan)

FMan

SEC

List
Engines

Software Portals

CoreNet

Internal stockpile

To Cores

H
ardw

are portals

BPID
Buffer Pointer

BPID
Buffer Pointer

• BMan manages 64 pools of buffer 
pointers
− All buffers in a pool are expected to have 

“like” characteristics (e.g., same buffer 
size)

− BMan places no restrictions on these 
characteristics

• Hardware (and software) acquire 
and release of buffer pointers 
from/to pools
− BMan is primarily intended to reduce the 

buffer management load on SW

• Pool depletion thresholds for 
pool replenishment and lossless 
flow control
− All thresholds have hysteresis
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SEC 5.x
• Public Key Hardware Accelerators (PKHA)

− RSA and Diffie-Hellman (to 4096b)
− Elliptic curve cryptography (1023b)
− Supports Run Time Equalization

• Data Encryption Standard Accelerators (DESA)
− DES, 3DES (2K, 3K)
− ECB, CBC, OFB modes

• Advanced Encryption Standard Accelerators (AESA)
− Key lengths of 128-, 192-, and 256-bit
− ECB, CBC, CTR, CCM, GCM, CMAC, 
− OFB, CFB, and XTS

• Message Digest Hardware Accelerators (MDHA)
− SHA-1, SHA-2 256,384,512-bit digests
− MD5 128-bit digest
− HMAC with all algorithms

• ARC Four Hardware Accelerators (AFHA)
− Compatible with RC4 algorithm

• Kasumi/F8 Hardware Accelerators (KFHA)
− F8 , F9 as required for 3GPP
− A5/3 for GSM and EDGE
− GEA-3 for GPRS

• Snow 3G Hardware Accelerators (STHA)
− Implements Snow 3.0  

• CRC Unit
− CRC32, CRC32C, 802.16e OFDMA CRC

• Random Number Generator, random IV generation

• Header & Trailer off-load for the following Security Protocols:
− IPSec, 802.1ae, SSL/TLS, SRTP, 802.11i, 802.16e

• Modular & Scalable with simplified device driver 

On-Chip
System
Interface

Queue 
Manager
Interface

Descriptor 
Controllers

Job Queue 
Controller

CHAs

RTICRTIC

On-Chip
System

Interface

Queue 
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QorIQ Linux SDK
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QorIQ Linux SDK 

• SDK 1.7 supports T1014/24 rev 1.0 
• SDK 1.8 supports T1014/24 rev 1.0, T1013/T1023 rev 1.0 (June 

2015)

• Download Linux SDK for QorIQ Processors  
http://freescale.com/sdk

• For help with SDK see documentation on Infocenter
http://freescale.com/infocenter

• Git repositories available online
http://git.freescale.com
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QorIQ SDK Documentation on Freescale Infocenter
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Freescale Infocenter
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DPAA Primer for Software Architecture
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Flash Images

• QorIQ Linux SDK provides images and binaries ready for use on 
supported reference design boards
− U-Boot
− RCW 

− Frame Manager microcode

− Linux kernel
− Linux device tree

− RAM disk (root file system)

• After Yocto Project build, images will be located in directory 
− QorIQ-SDK-V1.7-20141218-

yocto/build_t1024rdb_release/tmp/deploy/images/t1024rdb/  
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Q&A
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