The flexible dynamics of power
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Outline

 The need for low power devices

e Texas Instruments SmartReflex™ technology
power management in OMAP35x processors

e Realizing power savings
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Drive for smarter devices reaches

across product categories to improve
effectiveness

Simultaneous:
p— Advanced user interfaces
Enhanced productivity <
Full web browsing |
—] Multimedia
Green
Connectivity
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power

Multimedia device trends impact

(1) Convergence of Y _ — _
communications, computing More transistors and migration to
and entertainment smaller, leakier geometries
" AN )
s _ ) N D
2) New applications and Requires higher performance, power-
extended usage hungry processing
& N )
( 3) Increasing on-chip memory e D
for frame buffer and high- > Memory consumes more power than
logic and must be retained
g speed caches e 9 y
. e D
4) Users demand increased Battery technology not keeping up with power
usage/standby times needs, need other methods to meet expectations
. A /
e N D
. Size limits battery capacity; more
S5) Smaller, sleeker devices > aggressive thermal requirements
- AL J
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 The need for low power devices
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V)

TI OMAP35x applications processor
based on ARM® Cortex™-AS8

Features
B Cores C64x+™ DSP and Display
= Cortex™-A8 with NEON™ SIMD coprocessor ac C‘é;gf; ors Subsystem
" TMS320C64x+™ DSP and video accelerators ® (OMAP LCD | Video
= 600 MHz / 430 MHz @ 1.35V ARM 3525/0MAP3530 Cont- || Enc
only) roller
= 550 MHz / 400 MHz @ 1.27V Cortex™- y
®= 500 MHz / 360 MHz @ 1.2V
= 2D/3D Graphics Engine (PowerVR SGX) A8 G?ggﬁis e
= Up to 10M polygons per second CPU (OMAP3515/OMAP3
u Memor;) POVEORSP 530 only)
" ARM:
" 16 KB I-Cache; 16 kB D-Cache; 256kB L2
" TMS320C64x+ DSP and video accelerators L3/L4 Interconnect
= L1 32kB Program Cache/32kB Data Cache + 48kB
SRAM . )
= L2 64KB Program / Data Cache + 32 kB SRAM: 16 kB | [HEtEE USBC;‘;:Z““VU'; System
ROM - NES
= On chip: 64kB SRAM; 112kB ROM 016 Host GP x12
- Perlpheral highlights ’ Controller | Controller x2 WDT x2
= Support for LPDDR Serial Interfaces Program/Data Storage

» Support for NOR, NAND, SRAM, Pseudo SRAM |2c W e
® USB 2.0 HS compliant OTG Controller w/ 2 additional USB X5 1-wire
Host Controllers McSP! W
x4 W/IRD

® Display subsystem with LCD and TV interface. Supports
PIP, color space conversion, resize and rotation.

® Camera I/F with CCD controller and Image-pipe (Preview,
Resize, Statistics)
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OMAP35x processors address low
power challenges

S __ _ a0 T e .

OS support
PM framework

Voltage and
Frequency %
Scal

SmartReflex SRAM
i Circuitsand & : DVF§ AVS PS SLM . iicat_e A Pov
Method '~~~ Multinle Ragains (/glioae Dayor/Cle =Yal VI PR i

Power,
Reset and Cloc Retention SRAM/Logic PM Cell Library
Manager Process/Temperature Sensor
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@ 1| SmartReflex™ technology

Dynamic Voltage and Frequency
Scaling (DVFES)

Normalized power without DVFS

Normalized power with DVFS
(F,V) (0.25F, 0.7V)

208" =
o 0.6 ) i
2 0.4 s 0.25
o 0.2 o

0 T I 1 O

1 2 3 4 5 1 2 3 4 5
Execution time (s)

Execution time (s)
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[l SmartReflex™ technology DVFS - 2

ARM® MHz DSP MHz Vddl OPP L3 MHz Vdd2
1.15
1

0.95
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=@ Tl SmartReflex™ technology

Adaptive Voltage Scaling (AVS)

Scalable VDD

Voltage domain

et

SmartReflex

lter

(@)}
8 :

F
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ST

¢ TEXAS
INSTRUMENTS




Power vs. process
(without SmartReflex™ technology
Poyyer AVS) N

-

/‘<//‘

Use-case total power

(Leakage + Dynamic) Worst-case
Total power increases as the use-case
leakage increases power
T Use-case dynamic power
PoWer Dynamic power is roughly -
w/o constant with process - -
leakage -
Use-case leakage power
Increases from weak to strong
- process
-
- -
- =
-———————___—
Weak Process Nominal Process Strong Process
(slower with lower leakage) (faster with higher leakage)
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Power vs. processor (with TI
SmartReflex™ technology AVS)

Power

“ |

SmartReflex
“eliminates” leakage
by flattening power
across process

Use-case total power
(Leakage + Dynamic)

New worst -case Power decreases from dynamic
and leakage savings with lower
use-case power voltage at faster operating points
\‘//
T\ T e ey e e e e
I Use-case dynamic power
Power

SmartReflex ™ reduces the

wio
leakage dynamic power by lowering the "
voltage at faster process points L~
Use-case leakage power 2 -
-
SmartReflex ™ reduces the
| leakage power by lowering the
e — k.~ Y = voltage at faster process points
Weak Process Nominal Process Strong Process
(slower with lower leakage) (faster with higher leakage)
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ARM® MHz

;) I
Performance
g

L3 MHz

Dynamic Voltage Frequency Scaling
(DVFS) vs. Adaptive Voltage Scaling (AVS)

125

pa

<
al
L

N
[&)]
'

orst case

Voltage 12

Vdd2

P P
5 1.35-1.12 3 166 [ 1.15-0.95
4 550 1.27-1.07 2 100 [ 1.0-0.85
3 500 1.2-1.00 1 415 | 09508
2 250 1.0-0.9
1 125 0.95-0.8
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Normalized Power

0.8 ~
0.6 A
0.4 ~
0.2 ~

Tl SmartReflex™ technology
Dynamic Power Switching (DPS)

Normalized power without DPS Norrqalized power with DPS
----------- [} l’—‘----~~~\
¢ Leakage ™ y 7 Transition Y,
S e -7 . ‘.. overhead .
-~ [ N
[ = ~=7-
‘ @)
‘ o
l’ =]
N (]
’ N
! ©
| 4 £
o
T T I T 1 Z
1 2 3 4 5 2 3 4 5
Execution time ' Execution time
——E=1.4(QJ) — E=1.15(J)
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Hierarchy of domain partitioning

Wl
Voltage tage

control regulator
VDD
WimeEmory
1
_| E Seacondary _| [ Primary
sawitch switch
Monretantion logic Refantion| logic
CLK ~|- |
ctrl | ™ ctrl | N
CLK1 CLKZ2
Clock domain CLEKA Clock domain CLKZ2
FPower domain
Voltage domain VDD

i3 TEXAS
INSTRUMENTS




4 Tl SmartReflex™ technology
Static Leakage Management (SLM)

e SLM:
— Whole device automatically or under user request enters standby
mode when no application is running

— Several standby modes possible (combinations of
Inactive/Retention/Off states of power domains)

— Special device off mode in OMAP35x

DPS SLM
Section of device in low power state Entire device in low power mode
Some part of system active Full system inactive
Smaller transition latencies (us) Larger transition latencies (ms)
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TI OMAP35x processor off-mode

Power consumed is
IO and wakeup leakage
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Off-mode I/O control

Pad configuration register name = pad configuration register field @0xn name

| Pad configuration @0xn+1 Pad configuration @0xn
[ | |
Wake up  Off moda valua Pull MUXKMODEWake up OFf mode value Pull MUXMODE
|31 31]'29232?2625'2423 2221'21]19'13 17 1E|15 14'13 12 1110 Q|B T 6 5|4 3'2 1 ll]l
RESERVED RESERVED
A & & & T """" T L & 3 4 T cTTTTTT T
T INPUTENAEBLE THJLLLIJENAELE T INPUTENABLE THJLLLI]ENAH_E
OFFENABLE PULLTYFESELECT OFFEMNABLE PULLTYPESELECT
OFFOUTEMABLE ALTELECTRICALSEL OFFOUTEMABLE ALTELECTRICALSEL
OFFOUTVALUE OFFOUTVALLUE
OFFPULLUDENABLE OFFPULLUDENABLE
COFFPULLTYPESELECT OFFPULLTYPESELECT
WAKEUFPENABLE WaAKEUFEMNABLE
WAKEUPEVENT WAKEUFPEVENT
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App'ications r .................................. -
| orues | |
# I
Operating I
System |
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Outline

 The need for low power devices

e Tl SmartReflex™ power management
technologies in OMAP35x processors

e Realizing power savings

@ TEXAS
INSTRUMENTS




Power and performance management

Application
--------------
High
performance AVl
AVS,
Medium DVES
performance DPS
Low AVS,
performance DPS
Zero SLM
performance
NOTE: OPP is “Operating Performance Point”
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»@# Measured power savings — Adaptive

Voltage Scaling (AVS) example

» MP3 decode on ARM®Cortex™-A8
— Linux OS, Gstreamer framework, open-source codec
— VDD1 OPP1, VDD2 OPP2

Device type vvviﬁgzyAD\?é VDD1+VDD2 Power savings from
ith AVS (mW AVS (%
(W) wi (MW) (%)
Hot 51.7 42.6 18%
Cold 49.2 46.4 6%

= MPEG-4+MP3 decode (video on IVA, audio on ARM Cortex-A8)
= Linux OS, Gstreamer framework, open-source codecs, VGA LCD
= VDD1 OPP3, VDD2 OPP3

Device type VVViEéL::/AD\?é VDD1+VDD2 Power savings from
' AVS (%
(mW) with AVS (mW) (%)
Hot 363.3 260.0 28%
Cold 349.7 280.2 20%

NOTE: ES2.1 silicon; Power measurements performed on preliminary Gstreamer demos on Tl Board with
codecs software not optimized.
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TI OMAP35x processor and power
regulator connectivity

TPS65023 ya—— |
1201« 2c4 Voltage domains
B allow:
EN .
—>{IN DCDE3 1/0 power 1.8V r’ VDDS H
1.0A ouT - » VDDS SRAM *Separate supplies
DEFDCDC3 VDDS MEM
i — DDS WKUP BC *Separate control of
PWRFAIL SOUFCES', '
*Targeting different
VBAT .
— 1 EN SYS OFF MODE| power saving methods at
*—» IN DCDC2 . .
oA DEFDCDC VDD._CORE different sections of SOC
Core Power | *Not scaleable with
ouT 1.15v TPS65023 . .
LOWBAT_SNS| Slmple requirements on
LOWBAT F———] OMAP35x power regulator
EN :enable
—N DCDC1 ARM/IVA? Power | KEY:
1.5A ouT ooviasy > VDD_MPU_IVA
DEEDCDC [ Perult=12v Scaleable Voltage
[ |T_RESPWRO RESPWROLN SYS NRESPWRON
T N SYS _NRESWARM /Lnutfc:rfr‘gttgﬁ)
VBAT VLDO1 . PLL power 1.8V ¥ VDDS DPLL_DLL Scaled Y
vioor o ev | VINLDO »|VDDS DPLL PER
by »| DEFLDO1
VLDO2 = 3.3V » g
”| DEFLDO2 MMC power 3.0V > VDDS MMCL | | Fixed Voltage |
PWRFAIL—>| LDO_EN |,/ o2 ouT| > .
<+——|SYS DRM_MSECURE] | control Signal |
TPS72118 > VDDA DAC |
100mA LDO /
i3 TExas
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Flexible range of power solutions

TPS65950 | ¢ Maximum system
/ . .
1 TPS65930 integration
. CEA
Car-Kit MCPC CEA o
Audio Codec  Dual Stereo Tx Dual Tx TPS65920
& Drivers Dual Stereo Rx Mono Rx y
USB 2.0 HS Maximum system
OTG P flexibility
Clocki g ( Itrof
Optional Security -
C
o TPS65073
IS -
S D
"q") 10-bit
= AD(I: 3inputs 2 inputs 2 inputs 4 inputs
Drivers RGB and Vibra RGB or Vibra RGB or Vibra WLED L
N
Integrated TPS65023
Battery Charger TPS62350
Power 3DCDC 3DCDC 3DCDC 3DCDC 3DCDC 1DCDC
10 LDO 4 LDO 4 LDO 2LDO 2LDO
B 2 HS 12C 2 HS 12C 2 HS 12C 112C 112C 1HS I2C
Interface
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Summary

Demanding applications and increasing
processor performance are driving power

Battery technology and supply efficiency are not
enough to address the problem

Holistic approach of silicon IP, SoC design and
system software provides the solution

Tl “product-proven” SmartReflex™ technology
portfolio is based on this strategy
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Questions?
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Thank you

Arthur Musah
Texas Instruments

www.ti.com\omap35x
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