Freescale i. MX

Shuai Che
Feb 15, 2011



I. MX Market Segmentation

Automotive

Smart Mobile Devices (e.g. tablets, smartbooks)
eReaders

Embedded Multimedia
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Freescale Market Share

e Pioneer in portable media player (PMP)
market and eBook application processors
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Example of Applications Processors (i.MX) Roadmap

Consumer usage:

High tier smartbook

Cortex-Ag, 300 MHz

« Graphics

- EINK display Cnntruller

- 51ZME LP-DDR2Z |
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Smartbook .
Smartphone . Cortex-A8, B00MHz:
« Video (720p dec) |
i « Graphics !
; . 512MB DDR2
eReader i.MX31 family
- ARM1136, 532MHz - ARM1136, 532 MHz
« Graphics - Graphics
- mDDR - DDR2
i.MX27 family l i.MX25 family
PMP = ARMS26, 400MHz . = ARMI26, 400MHz
* Video ;
STMP37xx EXD
= ARM926, 266-400MHz * ARMS926, 454 MHz
= Integrated PMIC * Integrated PMIC

Right Edge = Consumer Qualification
Laft Edge has no meaning

Fressceis e Messcsls ogo, AEVe: C-5 CodeTIIST, Code'Warior, Cokifim, C-\Wers, moblsl T, PowsrQUIDC, SierCow, sred Syrmphory ars Tecerarks of Pesscels Ssmicorsucior, s,
Pz US Pet & Tm O DestE Oss Sack Cowmidsl, e Cwcgy DToss Soufiom bgo. Mexe, VIKC, Mafern ine Peckegs, Procsssct Cxzet, Corid, m;ummm
et YizrSlim e Tecerwrks of Mesmcels Ssmicoroictor, Inc. A oiter prodect o sevvios TeTem s e proossy of el rempscive cwnan © 2D Possscels Semiocroiucion, Inc

2010

. 90 i.MX Platform

CaQiCes STMP
Platform

. C65 AS Platform




Smartphones/smartbooks,
navigation devices, PMP and
PDAs, etc.

CPU
— 800 MHz ARM Cortex-A8 CPU

32KB instruction and data caches

Unified 256KB L2 cache

NEON SIMD media accelerator

Vector floating point co-processor
Multimedia

2D/3D graphics

Video processing units

Image processing unit

Image rotation, resizing, etc.

Two camera sensor ports

Security support
AES, DES, MD5, SHA ...

65nm process, 19x19 package

. MX 515

System Control

Connectivity

CPU Platform
; Fast IrDA
Sesum A0 ARM Cortex™-A8 [ Fastir |
HS MMG/
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PLLx3 D-Cache L2-Cache
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Timer x 3 | FCx3 |
Vilimad T
| Watch Dog | | OpenGL ES 2.0 | | OpenVG 1.1 | I 1-Whre I
— ATA-6
Hardware Video Codecs
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TusiZong® | Keypad |
M&I | Inversion and Rotation | | Eth |
e
SCC w2 | Image Enhancement | Ext Memory I/F
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[;I i. MX508 for eReader

e The Kindle 2 uses a Freescale 532 MHz, ARM-11 processor

e The Kindle 3 uses a Freescale i. MX353 application processor
e Both use Epson e-paper display (EPD) controller

e ElInkisthe leading panel solution

* Freescale: 70-90% of market share in 2009




. MX 508

Designed for E-readers

CPU
— 800 MHz ARM Cortex-A8 CPU
— 32KB instruction and data caches
— Unified 256KB L2 cache
— NEON SIMD media accelerator
— Vector floating point co-processor

Integrated E-INK EPD controller

ePXP: color space conversion,
rotation and scaling, etc

An integrated NEON DSP and 2-D
graphics accelerator for PDF,
Adobe Flash, etc.

I System/DMA ] CPU Core Complex | Connectivity ]
Secure JTAG UART x 5
| Puwuer Mgmt | ol L | | E:SDHC-IJ: 4|
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[ soma | Display System Raw NAND
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On-Chip Memaory
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PDF file benchmark on ARM cores (time to open a pdf file):

Benchmark Results

pdf file 1
65 pages of text
243KB

pdf file 2
4 color pages (ads)
731KB

pdf file 3
EDN magazine

66 pages (ads, text)
16500KE

Cortex A8
1.MX51 800MHz
DDR2 200MHZz

< 1 sec

~2 sec

~0b sec

Cortex A8
I.MX51 532MHz
DDR2 133MHZz

~1 sec

~4 sec

~8 sec

ARM11
1.MX35 532MHz
DDR2 133MHz

~1.5 sec

~B sec

~15 sec

ARM9

1.MX25 400MHz
DDR2 133MH=

~2 sec

~10 sec

~25 sec




Power ——»

A Typical Scenario for eReader

F{UN Page Update (5%])
WAIT Display Update (10%)

STOP: No activity (85%)]

TIITIE —



Power Saving Strategy for eReader

A powerful CPU for fast file processing

_.ow-power transistors in the peripherals and
nigh performance transistors in the CPU

ndependent power domains
Dynamic voltage and frequency scaling
A relatively large cache



Power Management Features for i.MX

Power = Dynamic + Static
eDynamic frequency and voltage scaling (DVFS)
eDynamic Process Temperature Compensation (DPTC)
*Power Gating
*Active Well-Biasing
*Clock Gating
°Low Power Modes



Power Management Features for i.MX

* Dynamic Voltage Frequency Scaling
e Two modes:

Reactive Approach—Hardware Solution

Detect React

$ ami“tii Drop on inactivity
100% _ i l j

Predictive Approach—Hardware and Software Solution

Learning penod =i= Adjustment Steady
0 _ —
100% 1T - [ minimurm
level
— | — |

0%

Figure 3. DFVS Approaches



Power Management Features for i.MX

* Dynamic Process Temperature Compensation

“DPTC mechanism measures delays of reference circuits that

are dependent on the process speed and temperature, then
lowers the voltage to the minimum level needed to support the

current operating frequency.”

e Fori. MX 31, under room temperature,

— 1.6 V for a conventional 90 nm design
— 1.2 V for DPTC-enabled 90 nm design (40% savings)



Power Management Features for i.MX

* Power Saving Modes

RUN Normal operating mode. Core frequency and operating voltage can be
dynamically changed within a range.

Wait MCU clock remains gated. Operation resumes on interrupt.

Doze MCU and MAX clocks remain gated. Operation resumes on operation.

Peripherals not requiring MCU/MAX functionality can remain active. Normal
operation resumes on interrupt.

State Retention

Hibernate

MCU and peripheral clocks gated. SDRAM in self-refresh mode. Supply
voltage can be dropped to minimum.

Clocks gated. ARM platform power supply OFF. Normal operation
resumed on interrupt.

All power OFF. System completely dead; operation resume equivalent to
cold boot.




Power Management Features for i.MX

e Power Domains

e Flexibility of clocking-off/powering-off
different parts

Active
Stand-by
Stop
Shut-down

Peripheral|

ON
Stand-by

ON

Stand-by
OFF

OFF



Power Management Features for i.MX

e Active Well-Bias (AWB)

\Vdd Vdd _Vrﬁ
Vin — — Vout Vin — —— Vout
Vss Vss Vpw




The New i. MX 6

* I. MX6

— Solo/Dual/Qual families based on Cortex A9 Cores
— 3-D graphics and 1080p encode/decode

— Tablets, smartbooks, automotive infotainment
and eReaders



Thank youl!



eReader SOC
*“ftreescale ;

Display Driver
(external or integrated)
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Sprint
* Cellular

* e-Book owner
does not pay for
cellular connection
- paid from content
provider




