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PowerWise™ Technology

Architectural

Hardware vs. Software
ardware / Software Allocatio

IP & System
Components

PowerWise™

Advanced Power Controller
Energy Management Units

Multi-threshold, Multi-voltage, SOI, High-K,
Body bias, Copper interconnect, SiGe substrates

Process
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Compilers
Power aware OS
Hibernation modes
Memory Access

System Level
Energy Management
Optimize both Frequency and Voltage
DFS + PowerWise Adaptive Voltage Scaling
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Digital logic in
scaled voltage island

APC _

— APB peripheral
Control & HPM
Si performance
compensation
— Temperature
— Process

— Closed-loop AVS

— Open-loop DVS

EMU

— Voltage regulator

— Closed-loop
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Energy
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software
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Clock
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Voltage/State
control
Vpp monitoring
I
— 1 Veltage control [ PWI master PWI slave

Advanced Power Controller (APC}

Processor Energy Management Unit (EMU)

PowerWise
Interface (PWI)

National Semiconductor's PowerWise technology (blue) works with
ARM'’s Intelligent Energy Manager (green) to adaptively set the supply
voltage and scale the clock frequency for energy efficient operation.
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% Benefits of PowerWise™
Closed-loop Approach

Closed-loop operation provides the minimum
required power supply voltage at all times
— Temperature compensation allows voltage to be
reduced at lower temperatures
— Process compensation allows absolute minimum
voltage for any given device

Adaptive voltage scaling enables power reduction

and energy savings in systems with
— Fixed frequency operation (V? term)
— Clock throttling without an active task manager (F, V2 terms)
— Clock throttling with an active task manager (optimal F, V2 terms)
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Power Savings with Voltage
Scaling: DVS and AVS

Power Consumption Comparison . i
Simulated, 130nm, Typical Silicon, Room Temp DVS; 21856 a\t/(l)zlrtggi%l\a/“—rllzg

100- — 0.9V at Freq < 70MHz

90 Open-loop control of supply
80- voltage

707

No power savings at design
601 target frequency (96MHz) over
50 a fixed voltage System

401 AVS _
301 Adaptive voltage for each
20- frequency

101 Closed-loop control of supply
0 voltage
96 72 48 24 12
Frequency (MHz) AVS provides power savings
at all operating frequencies
B Fixed Voltage @ ODVS O PowerWise™ AVS — Process and tem perature

compensation
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Effect on Power and Energy

Power and Energy Savings @ 130 nm
Comparing RUN/IDLE fixed voltage with DVS and AVS

B Power fixed Vdd

Power DVS

Power AVS
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DVS- 36%

Energy Saved
[ =

AVS- 64%
Energy Saved,
43% over DVS

(Simulated)
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Provides Dynamic or
Low Power Platform | Adaptive Voltage Scaling

PowerWise™ Components

Switching Regulator APC ContrOI

=3 90% Efficiency

* Input Voltage Feedforward
= Optimized for AVS - -
logic in FPGA

Core Voltage Supply
= Adaptive Voltage Scaling

(]

Memory Retention
» Tracks core voltage in active state
* Holds memary retention

voltage in sleep state Yig ! .. i

g §l Control
1/0 and PLk] Supplies ' S
* Voltage for /0 and PLL it il || = ; I OO p

* Programmable veltage

PowerWise™ Interface
* Power management control
* 2 Wires

« Adaptive Voltage Scaling

* Open Standard

PWI Control

Controller

LP5550
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DVS926 + LP5550
 MPEG4 W/IEM
« APC in closed-loop mode (AVS) e

Rcquizition Is stopped.
20.0 sz 4.01 Hpts
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I Seapiel' & SSwnad af

I

Rcqulsition 1s stopped.
4.00 G5a/z 801 kpts

© 2004 National Semiconductor Corporation, (8) SNPS EDA Forum




= } Measured Energy Savings

MPEG4 w / =Y Cumulative Energy
Operating (all cases use IEM)
frequency

|

31%
7%)

— 120MHz
— 60MHz (

AVS using

automatic voltage
control (APC)

DVS usin AVS- 40%
estimated VDD 1 Energy Saved
values
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usage

— 240MHz (15% ] DVS- 27%

— 180MHz (27% Energy Saved
—FIXED

50 100 150 200 250 300 350 400 450
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. PowerWise™ Technology
Dual Domain AVS Test Chip

Connectivity Processor

Image Processor

qqé- 10/900 MAC

Access Bus

Icuy

U-Wire/SPI

e
Remap/Pause

TWM

USART

—| ARM Timer

25

Versatila Timer

GPID

L
Miwu

Use

Jitsuress il

APC

EBIU &
SORAM - — —t

Control Image
T Sensor

=1 U [

T

Access. Bus

Remap/Pause :
U-WireSPI

ICU
USART {2x}

Clock Viersatile Timer

Generation

Reset & Sys
Mygmit

125

Level Shifters
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PowerWise Interface

Y

| Flash ROM, SRAM, PowerWise Interface
SORAM
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=% PowerWise™ Technology
Dual Domain AVS Test Chip

Two AVS domains PWI_L |
— AHB clusters |
— APC in fixed Vdd domain
— HPM in scaled voltage

Islands

Memory retention, Vmem AVS(1)
CE_AVS | CPUMEM
Fixed voltage domain APB

clusters

IP_NAVS

= HPM_L
130nm-G TSMC process =

Dual ARM7 CPU cores,
96MHz design
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=% PowerWise™ Technology
Low Power Components

Advanced Power Controller

— Adaptive Voltage Scaling
— Minimum power =
— Maximum energy efficiency

— Integrated Hardware Performance Monitor
— Automatic on chip process and
temperature compensation

— Power reduction possible at all frequencies

High Efficiency Energy Management Units

— Transient response correct for multi-loop
control system
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