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Introducing the QorIQ LS1 Family  
Highest Level of Integration Under 3 W 

Leveraging over 20 years of networking expertise, the ARM®-based QorIQ LS1 
family is optimized to offer high efficiency, leading integration and a broad array 
of high-speed interconnects for power-constrained applications. 
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2012 2013 
2Q 3Q 4Q Existing 1Q 4Q 

P3041 

P2041/40 

P1023/17 

P1010/14 

T4160 

T4240 

P1021/12 

P1022/13 

P2020/10 

MPC8569 

P4080/40 

P5040 

P5020/10 

P5021 

P1020//11 

2014 
2Q 3Q 4Q 1Q 2Q 1Q 

LS1xxx 

T1040/42 

T2080 

T2081 

T1020/22 

SDK 1.6 SDK 1.7 SDK 1.5 SDK 1.4 
SDKs 

SDK 1.3 Biannual  

releases 

Next generation 

Production Proposal Planning Execution 

 

 

High Performance 

 

 

 

 

 

 

 

 

Mid Performance 

 

 

 

 

 

 

 

 

Value Performance 

LS3xxx  

LS2xxx 

Sample 

Production 

LS1021A 

Innovative solution with 

ARM® Cortex™-A7:  

Dual-Core with ECC 
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High-Perf 

Control, HMI 

>1500 DMIPS 

< 4–8W 

 

 

Mid-Perf 

Control, HMI 

500–1500 DMIPS 

< 2–5W 

 

 

Control, HMI 
300–800 DMIPS 

< 1.5W 

 

 

I/O Control, HMI 
200–400 DMIPS 

< 1W 

 

 

 

Process Control 
50–200 DMIPS 

< 0.5W 

 

Lowest 

i.MX53x 

QorIQ P202x  

QorIQ P1025 

MPC5121e/23e 

QorIQ P1010 

Kinetis K60-K70 

Kinetis K10–K40 

Industrial Protocols ARM with Display 

Power with Display 

ARM 

Power 

Production Proposal Planning Execution 

i.MX 6Dual 

PXS, PXN and PXR Series 

PXD Series 
Vybrid VF3xx 

Vybrid VF6xx 

Kinetis X 

Vybrid Next 

QorIQ T1040 

Price 
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i.MX28x 

MPC8309/06 

MPC5125 

/  / 

Vybrid VF5xx 

i.MX280 

i.MX 6Solo 

i.MX 6Quad 

LS1021 

Highest 
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Real-time, highly integrated 

solutions with best-in-class 

2D graphics to enable  

your system to control, 

interface, connect,  

secure and scale. 

Industry’s most versatile 

solutions for multimedia and 

display applications, with 

multicore scalability and 

market-leading power, 

performance & integration. 

Industry’s most scalable  

ultra-low-power, mixed-

signal MCU solutions  

based on the ARM®  

Cortex™-M and Cortex™-

M0+ architectures. 

Industry’s first software-

aware, core-agnostic 

networking system 

architecture for the smarter, 

more capable networks of 

tomorrow – end to end. 

Automotive 

Kinetis 

Microcontrollers 
Design Potential. Realized 

Vybrid Controller 

Solutions 
Rich Apps in Real Time. 

i.MX Application 

Processors 
Your Interface to the World. 

QorIQ Processors 

built on Layerscape 

Architecture 
Accelerating the Network’s IQ 

Networking 

Freescale has the industry’s broadest range of solutions built on ARM® technology for  

automotive, industrial, consumer and networking applications. 
Find your ideal solution at the price, performance and power level you desire,  

and leverage the extensive software and tool bundles available to speed and ease your design process. 

Industrial 

Consumer 

Industrial 

Consumer 

Industrial 

Consumer 

Industrial 

Consumer 

Automotive 
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• Power efficient microarchitecture 

− In-order 8-stage, partial dual-issue 

− Integrated L2, improved memory 

system 

− 0.35 Specint2K/MHz, 

1.86DMIPS/MHz 

• Architecture aligned with Cortex A-

15 

− Hardware enhanced OS virtualization 

− AMBA4 ACE system coherency 

− 1 TB physical memory addressable 

• Available Now 

28 HPM Process Targets 

Frequency (worst/OD) 850 MHz/1.0 GHz 

Power (P_dyn) 0.080 mw/MHz 

Power (P_static) 30.7mW 

Area (MP2 + L2) 1.86 mm2 

* Power is per core, Dhrystone, Pdyn TT/85C, 28HPM 

Dual-core w/256KB L2, each core with 32K x 32K L1, NEON, FPU,  

Frequency at SSG, 9T, Vnom-10%, )C, OD at 0.9V (worst) 

Compelling performance at <100mW  
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Performance starts with the core 

• Dual ARM Cortex-A7 cores delivering over 6,000 
CoreMark® of performance at under 3W (typical) for 
improved performance without increased power 
utilization  

• Best in class 1.7 CoreMark / mW ratio 

Broadest range of peripheral and I/O features in its 
class  

• Only product in its class to offer ECC protection for 
both L1/L2 caches, meeting networking requirements 
for high reliability 

• Virtualization support enables partitioning of CPU 
resources on low-power parts for increased system 
productivity 

• First in its class to offer support for DDR4 memory 
ensuring continued performance efficiency  

• Only communications processor to combine LCD 
controller, USB 3.0 with integrated PHY,  SD /MMC 
and SATA3 on a single SoC to enable lower system-
level costs 

• QUICC Engine provides proven support for protocols 
required in industrial, building and factory automation 
applications 

 

DDR3L/4 

Controller L2 Cache w/ECC 

USB3.0  

w/PHY 

Cortex-A7 
ARMv7 32b Core 

 
L1 Cache w/ECC  

Serial IO 

LCD 

Cont. 
SATA 3 

QUICC 

Engine 

Ethernet PCIe 

LS102x Target Applications 

Management processor 

Multi-service IOT gateways 

802.11ac AP routers 

Carrier line cards 

Printing & Imaging 

Networked attached storage 

Industrial Automation & control 

M2M 

Robotics 
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LS102xA Family: All feature Dual Cortex A7 Cores 

LS1021A  LS1020A LS1022A 

Networking 
• Up to 1GHz, 2.6W Typ. 

• Enterprise & Consumer 

Networking 

• Enterprise WLAN AP’s 

• Gateways 

• Security Appliances 

 

Industrial & Printing 
• Up to 1GHz, 2.7W Typ. 

• Adds LCDC and CAN 

• Printing 

• Factory Automation 

• Building Automation 

• Defense & Aero 

• M2M 

 

Entry Consumer & 

Industrial 
• Up to 600MHz, 2W Typ. 

• For demanding  low-power 

designs 

 

Pin & Software Compatible 
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• Dual ARM Cortex-A7 cores up to 

1.0 GHz  

 ECC protected L1/L2 caches 

 DDR3L/4 up to 1.6GHz 

• Over 5,000 Coremark at under 

3.7W (TDP power) 

• Industry best Coremark / mW ratio 

• Outstanding security and IP 

forwarding 

• High integration reduces BOM 

costs for targeted applications:  

 Industrial gateways 

 Industrial Automation 

 Printing & Imaging 

 HMI 

 M2M, Smart “X” 

Package & Board: 
Package: 525-pin, 19x19mm, 0.8mm ball 

 pitch 

Power: ~2.8W @1.0GHz Typical 

Temp:  -40C (TA) to 105C (Tj) 

Boards: Tower low-cost board 

  Freescale Linux BSPs 

Key Architectural Features: 

• ARM  AMBA4 MPCore™ Virtualization 

• DDR3L/4 32-bit with ECC support 

• 3-port GigE with IEEE 1588 

• 2x PCI Express Gen2 

• Multi-protocol 4-Lane SerDes 

• PCIe-2, SATA3, SGMII 

• QUICC Engine – HDLC/TDM/ProfiBUS 

• EnergyStar support with fast wakeup 

• 2Gbps IP forwarding 

Key System Integration Features: 

• Low-cost NAND/NOR flash systems  

• Low-cost DRAM systems 

• USB3 SuperSpeed  

• Audio networking  and motor control 

• QorIQ Trust Architecture and  

   ARM TrustZone support 

• Alignment with Kinetis/Vybrid portfolio 
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• Dual ARM Cortex-A7 cores up to 

1.0 GHz 

 ECC protected L1/L2 caches 

 DDR3L/4 up to 1.6GHz 

• Over 5,000 Coremark at under 

3.6W (TDP power) 

• Industry best Coremark / mW ratio 

• Outstanding security and IP 

forwarding 

• High integration reduces BOM 

costs for targeted applications:  

 802.11ac AP Routers 

 Line cards 

 Multi-service gateways 

 M2M, Smart “X” 

Package & Board: 
Package: 525-pin, 19x19mm, 0.8mm ball 

 pitch 

Power: ~2.6W @1.0GHz Typical 

Temp: -40C (TA) to 105C (Tj) 

Boards: Tower low-cost board 

  Freescale Linux BSPs 

Key Architectural Features: 

• ARM  AMBA4 MPCore™ Virtualization 

• DDR3L/4 32-bit with ECC support 

• 3-port GigE with IEEE 1588 

• 2x PCI Express Gen2 

• Multi-protocol 4-Lane SerDes 

• PCIe-2, SATA3, SGMII 

• QUICC Engine – HDLC/TDM 

• EnergyStar support with fast wakeup 

• 2Gbps IP /1Gbps IPSec forwarding 

Key System Integration Features: 

• Low-cost NAND/NOR flash systems  

• Low-cost DRAM systems 

• USB3.0 Super Speed  (5GT/s) 

• SATA III (6GT/s) 

• Audio networking  

• QorIQ Trust Architecture and  

   ARM TrustZone support 

• Alignment with Kinetis/Vybrid portfolio 
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• Dual ARM Cortex-A7 cores up to 

600 MHz  

• Coherent 512KB L2 cache 

• DDR3L up to 1GHz 

• Over 3,000 Coremarks at under 3W 

(TDP power) 

• Outstanding Coremark / mW ratio: 

1.1 Coremarks / mW 

• Excellent IP forwarding 

• Lowest power-to-performance 

ratio in class, ideal for targeted 

applications:  

 Environmental control 

 Industrial controllers 

 M2M, Smart “X” 

Package & Board: 
Package: 525-pin, 19x19mm, 0.8mm ball 

 pitch 

Power: ~2W @ 600MHz Typical 

Temp:  -40C (TA) to 105C (Tj) 

Boards: Tower low-cost board 

  Freescale Linux BSPs 

Key Architectural Features: 

• ARM  AMBA4 MPCore™ Virtualization 

• DDR3L 16-bit with ECC support 

• 2-port GigE with IEEE 1588 

• 1x PCI Express Gen2 

• 4x CAN ports for industrial applications 

• EnergyStar support with fast wakeup 

• 2Gbps IP forwarding 

Key System Integration Features: 

• Low-cost NAND/NOR flash systems  

• Low-cost DRAM systems 

• USB2.0 

• QorIQ Trust Architecture and  

   ARM TrustZone support 

• Alignment with Kinetis/Vybrid portfolio 
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• ARM Dstream 

• CodeWarrior Tap 

• Arium 

• IAR 

• Lauterbach 

• GreenHills 

• Mentor 

• WindRiver 

• Advantech 

• Arduino 

• Embest 

• ADLink 

• Cognatec 

• CurtissWright 

• Digi 

International 

• Emerson 

Network Power 

• GE Intelligent 

Platform 

• Kontron 

• Mercury 

• Phytec 

• TQ Systems 

• Radisys 

 

 

 

 

 

• ARM DS-5 

• CodeWarrior 

• Crank Software 

• Green Hills 

• Mentor Embedded 

• Kozio 

• Timesys 

• Wind River 

• Green Hills 

• Mentor Graphics 

• Timesys 

• QNX 

• Wind River - VxWorks 

 

 

 

 

• Aricent 

• Adeneo 

Embeeded 

• Crank Software 

• Radisys 

• Vitesse 

 

• acontis 

• Beckhoff 

• Crank Software 

• Digi International 

• ISaGRAF 

• IXXAT 

 

• Broadcom 

• IDC 

• Linear 

• Qualcomm Atheros 

 

 

 

 

• Ralink 

• Rohm 

• Sierra Wireless 

• Silex 

• Vitesse  

 

 

 

• RadiSys 

• Symmetricom 
• VortiQa 

 

• Layerscape 

processors 

based on 

the ARM 7 

 

 

 

• koenig-KPA 

• Oracle 

• VortiQa 

• Skelmir 

• SYSGO 

• Altia 

 

 

 

• Aricent 
 

 

• Adeneo 

• IEEE 

• Arnewsh 

• Phoenix Micro 

• AC6 

 

• Aricent 

• Adeneo 

Embeeded 

• Crank Software 

• Radisys 

• Vitesse 

• ENEA 
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•  U-Boot  

− ARM A7 Core initialization in u-boot 

− DDR (static setting)  

− RCW, Serdes  

− UART  

− FlexTimer in u-boot (2-signals output)  

− PCIe RC, Ethernet(e1000)  

− NOR boot 

− I2C and EEPROM 

− DDR (SPD)  

− SD  

− VeTSEC  

−  IFC NAND & NOR  (Flash programming) 

− USB 2.0 

− NAND boot 

− SD boot 

− ESBC  

− SATA3 

− DSPI driver 

• Linux  
− ARM A7 Core initialization in kernel 

− DUART in kernel 

− RAMDISK  

− LPUART 

− I2C controller & I2C EEPROMs 

− WDOG 

− eSDHC (SD) 

− DSPI in kernel 

− eDMA & DMAMUX (Same as in Faraday) 

− QE (UART) 

− Power Management  (TMU) 

− PCIe (RC mode) 

− eSDHC (SDIO, SDXC)  

− VeTSEC  

− IFC NAND & NOR 

− USB 2.0 (Host, Gadget mode, OTG) 

− GPIO 

− SATA3.0 

− CAAM 

− FlexCAN  

Early engineering release for QDS board will be available April 1, 2014 

Functionality Supported: 
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CW-ARM Tower Edition 
$200 (stops working after 1/2 year) 

Bound to Tower CMSIS-DAP 

on-board JTAG (slow) 

Includes Linux GDB App 

CW-ARM LS1 Edition 
$1200 ($700 + $500 probe) 

CW-TAP JTAG Probe 

Optional LSCS-lite +$300 

CW Suite Pro Edition 
$5500 ($4995/perpetual + $500 probe) 

Trace & Performance Analysis 

CW tools for other processors 

C
o

s
t 

 

Capability 
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QDS Board 

 

• Internal Use, for 

validation and de-bug 

support 

 
 

• Cost-effective, open 

source development 

platform 

 

• Designed to simplify 

product evaluation 

 
 

Tower-based Eval Platform 

• Rapid prototyping for 

Industrial Market: 

 

• Modular design supports 

a range of connectivity 

options 

 

• Accelerate design & time 

to market  
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• LS102x supports P1022-style Deep Sleep 

− Wake on: RGMII Ethernet, or Timer, or GPIO etc. 

 

• <150mW total SoC power (including IO)  

− Enabling < 0.5W AC system design solutions 

 

• Supports core Dynamic Frequency Scaling (DFS) 

− Same as supported on QorIQ P3/P4/P5 products 
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10/100/1000 

MAC 

TCP/IP Chk 

Offload 

Filer / QoS 

Rx 

FIFO 

2kB 

Tx 

FIFO 

10kB 

64b DMA 

Virtualized eTSEC 

Code compatible with 

QorIQ P1 eTSEC 

RMII Interface Support 

added 

Layer 2 features: 

• VLAN insertion and deletion 

per frame 

• 16 exact-match MAC 

addresses 

• Increased hash table address 

matching 

QoS support for 8 Rx and 8 Tx 

H/W queues, with queues 

individually assigned to any 

core 

TCP/IP checksum 

offload for RX and TX 

IPv6 and Magic Packet 

support 

Customizable per-packet 

filtering/filing to 64 logical 

receive queues.  

Examples:  802.1p,  IP TOS, 

Diffserv classification, 

TCP/UDP ports, etc. 

Support for weighted 

round robin and strict 

priority queueing 

Customizable per-packet 

rejection 

Parser 

SGMII Interface 

Support 

IEEE1588 

Hardware Support 

Programmable IP header 

alignment 

Additional hashing logic to aid in packet 

distribution 
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• Programmable Protocol classification (5-tupple) for protocols such as IPv4, 

IPv6 and TCP/UDP 

• Offload Checksum operations to accelerate TCP/IP stack performance 

• Bandwidth Scheduling - Modified Weighted Round Robin (MWRR) to manage 

bandwidth allocation for multiple transmit queues 

• Programmable quality of service rules per Ethernet port to support 

differentiated services 

• Programmable firewall strategies based on high-level protocol identification 

• Virtualization of Interrupts - Interrupts can be steered to any CPU core 

reducing software overhead and improving performance 

• Advanced Hashing logic - Enables load balancing of traffic across CPU cores 

for improved performance 

• Queues can be individually assigned to any CPU core – reduces software and 

CPU overhead for improved performance. 
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• Protocols and Interfaces 

− HDLC/Transparent (bit rate up to 70Mbps) 

− HDLC BUS (bit rate up to 10Mbps) 

− Asynchronous HDLC (bit rate up to 2Mbps) 

− UART 

− BISYNC (bit rate up to 2Mbps) 

− Two TDM interfaces supporting 64 multichannels, each running at 
64Kbps 

 

• Time Slot Assigner and 2 TDM Interfaces 

− Independent Rx and Tx routing RAM with 512 routing entries each 

− Time slot assigner with bit or byte resolution 
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Feature LS1021 Comments 

Resolution 1280 x 1024@72Hz For single plane 

1280 x 768@72Hz Up to 2 planes (WXGA) 

1024 x 768 @72Hz Up to 3 planes 

1024 x 768 @60Hz Up to 4 planes 

Blending 4-Planes 

a-blend / chroma key 

Input Planes Sub-Plane selection from 

16-layers 

Pixel format per layer 

Tile Texturing 

DCU blends selected pixels from16-layers of images 

based on priority.  Only displayed layers’ pixels 

contribute to input BW. 

Input Plane BW TBD 

(higher than P1022) 

Limited by internal memory bandwidth assuming fully 

populated blend planes 

Pixel Formats 32-bit RGB 

8+8-bit pallete 

YCrCb 

Transparency 

Luminance 

Transparency a-component used to mix 

foreground/background colors (gradient). 

Luminance values add to pixel components below the 

luminance blend plane (intensity). 

Cursor 256xH (8K-pixel) 

1-bit pixel, blinking 

A blend plane can be used for enhanced cursor 

support 

Post-Processing Gamma Correction 

Component Dithering 

Safety Pixel Tagging 

DCU supports dithering to improve color depth and 

pixel tagging to check tagged input pixels are 

displayed in blended output 

Display Interface 24-bit RGB 

(12-bit DDR pin interface) 



TM 



26 TM 

• TrustZone 

− As per Vybrid and i.MX6 

− Hardware compliant to ARM Trusted Base System Architecture (TBSA v1.0)  

− Enablement of this will be from customers or ecosystem, not Freescale 

− Trusted execution environment for security-critical SW 

 Secure & Normal Worlds (processor modes) 

 Complemented by custom hardware firewalls 

• QorIQ Trust Architecture Secure Boot 

− As per QorIQ P3/P4/P5 Products 

− Security library embedded in tamper-proof on-chip ROM 

− Authenticated boot: protect against unauthorized SW 

 Verify SW signature during boot 

 RSA-1024/2048 keys anchored to OTP fingerprint (SHA-256) 

− Encrypted boot to protect software confidentiality  

 Decrypt SW during boot 

 AES-128/256 keys protected by HW master key (AES-256) 

− Run every time SoC is reset 

− Image Version Control (on-chip OTP-based) 
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• HW Cryptographic Accelerators 

− Support for wireline protocols, plus Wi-Fi and Wimax, 

 Not supported: Kasumi, Snow, ZUC, ARC4 

− Symmetric: AES, DES, 3DES, ARC4 

− Hash & HMAC: MD5, SHA-1, SHA-224, SHA-256 

− Hardware random number generator (SP800-90) 

− Export control support 

• Secure Storage 

− Programmable TrustZone protected region within On-chip RAM 

− Off-chip storage protected by HW master key (AES-256) 

• Secure Real-Time Clock 

− On-chip, separately-powered real-time clock (1.0V) 

• HW Firewalls  

− Control access from CPU & DMA peripherals to 

 on-chip peripherals 

 on-chip memory 

 off-chip memory 

− Integrated with TrustZone 
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• Secure Debug 

− Secure Debug Challenge/Response as per QorIQ P3/P4/P5 

products 

• Physical Tamper Detection 

− Tamper input signal available for: 

 Cover seal 

 Clock, voltage, temperature detectors 

 Active tamper detection 

− Hardware and software tamper response 
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Non-Secure World 

Non-secure 

User 

Non-secure 

Supervisor 

Hypervisor  (KVM or similar..) Hypervisor 

Virtual Machine 

Guest OS 

Application Application 

Virtual Machine 

Guest OS 

Application Application 

Secure World 

Monitor 

Monitor 

Secure 

User 

Secure 

Supervisor 
Secure OS 

Application Application 

Hardware Protected Memory 

& Peripherals 

Normal Memory 

& Peripherals 
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• System-MMU for 2nd stage translation of Intermediate Physical 
Address (IPA) to Physical Address (PA) addresses 

• Analogous concept to PAMU on QorIQ P3/P4/P5 
 

• Benefits of using System MMU’s for virtualizations are: 

− Full HW Virtualization support (a.k.a. “IO Virtualization”) 

− Better performance than SW virtualization (“Para-Virtualization”) 

− Simpler (thus faster) porting of the Virtualized (“guest”) OS 

− Support for >4GB address space, for 32-bit bus masters 
 

• S-MMU features: 

− Up to 64 TLB entries in TLB cache 

− Address translation in HW, for best performance 

− TLB size configurable, to best suite each master needs 
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