National Semiconductor

National
Semiconductor

Adaptive Voltage Scaling (AVS)

Adaptive Voltage Scaling (AVS) technology is a real-
time, continuous, closed-loop power management
technology. The AVS technology enables optimized
power delivery to processors, ASICs, and SoCs by
optimizing adaptively supply voltages over process and
temperature variations in order to maximize system-
level energy savings.

Portable Applications

The rapid emergence of data-intensive digital
processing in smaller and lighter portable devices has
created a significant dilemma for system designers. In
pursuit of ever increasing functionality in form factors
that appeal to customers, designers are challenged to
provide more processing power for the new functions.
Functions like music and video capabilities, camera,
gaming, web browsing, and mobile email are now
required without any increase in battery capacity.
Incremental improvements in battery technology have
been achieved, but these cannot fill the gap that exists.
New semiconductor technologies are adding to the
problem as leakage -current in deep submicron
processes add to the overall power consumption.
Power conversion technology has also reached a
plateau that offers little hope for significant advances.
The situation demands rethinking of power management
and a comprehensive approach to developing new
systems.

What AVS Can Do

AVS technology is a system-level approach that
reduces the power consumption of digital System-on-
Chip (SoC) solutions used in modern portable devices.
AVS technology is ideally suited for managing multiple
independent processing engines inside a SoC either
when fully operational or when functions are idling,
dormant, or completely turned-off. The energy savings
from AVS can be seen in the example below. The
system consists of the ARM CPU running with a
variable frequency of 60, 120, 180, or 240MHz. With
AVS, 64% energy saving is achieved compared to the
fixed-voltage scheme. AVS also demonstrates 28%
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energy saving over Dynamic Voltage Scaling (DVS)
because it compensates for process and temperature
variation where DVS frequency-to-voltage look-up-tables
do not.

AVS Implementation in Portable Devices
The HPM (Hardware Performance Monitor) and APC

(Advance Power Controller) are embedded into the
processor in order to monitor the process and temperature

variation of the ASIC or SoC. A voltage command is sent

by the APC via the PowerWise Interface (PWI) or System
Power Management Interface (SPMI), a MIPI alliance
standard bus, to the Energy Management Unit (EMU),

which adaptively regulates the SoC supply voltage.

Together, these components form a closed loop which
automatically optimizes the voltage for the given process
and temperature profile. The AVS loop is fast enough to
accommodate frequency scaling, which provides even
more power savings.
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AVS Power Savings

In portable devices, AVS enables up to 64% power savings with

frequency scaling compared to a fixed-voltage method over

process and temperature variation. The power savings depends

on multiple factors such as design implementation, frequency
scaling, etc.

Applications

= Applications processors or SoC for smart phones
= Graphics processors for handheld devices

= Processors in personal navigation devices
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's standard
warranty. Testing and other quality control techniques are used to the extent Tl deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any Tl patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from Tl to use such products or services or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of Tl products or services with statements different from or beyond the parameters stated by TI for that product or service voids all
express and any implied warranties for the associated Tl product or service and is an unfair and deceptive business practice. Tl is not
responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by Tl as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications
Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom www.ti.com/communications
Data Converters dataconverter.ti.com Computers and Peripherals www.ti.com/computers
DLP® Products www.dlp.com Consumer Electronics www.ti.com/consumer-apps
DSP dsp.ti.com Energy and Lighting www.ti.com/energy
Clocks and Timers www.ti.com/clocks Industrial www.ti.com/industrial
Interface interface.ti.com Medical www.ti.com/medical
Logic logic.ti.com Security www.ti.com/security
Power Mgmt power.ti.com Space, Avionics and Defense  www.ti.com/space-avionics-defense
Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video
RFID www.ti-rfid.com
OMAP Mobile Processors www.ti.com/omap
Wireless Connectivity www.ti.com/wirelessconnectivity

TI E2E Community Home Page e2e.ti.com
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