Adaptive Voltage
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Up to 60% Energy Savings for Digital Core Operation
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With the emphasis on lowering power
consumption a concern for system designers,
Texas Instruments pioneered ground-breaking
technology for reducing the energy consumed
by large-scale CMOS ASICs and other digital
systems on a chip (SoCs). This technology is
called Adaptive Voltage Scaling (AVS) which
can reduce overall energy consumption by

up to 60%.* Unlike other methods, AVS is

a closed-loop control system that not only
handles process variation between devices,
but also shifts in temperature, digital load, and
process aging.

Modern CMOS processes vary in performance
from die to die and wafer to wafer. The
extent of the variation is not always known
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Figure 1. CMOS Processing and Distribution

*Actual power savings will vary by process, temperature,
aging, and other factors.

since designers are provided a worse case
set of parameters to use for timing closure
simulation. The parameters also provide the
operating voltage which takes into account
the slowest silicon (see Figure 7). Dynamic
losses increase exponentially with supply
voltage and static losses (i.e. gate and sub-
threshold leakage) are increasing with smaller
geometries.
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By accurately controlling the supply voltage
for the actual requirements of each device,
large power savings can be realized — but
the system needs to know the current
performance level of every device. The use
of simple, standard hardware interfaces and
TI's collaboration with other industry leaders
ensures that AVS technology can be used on
any CMOS process with standard design tools
and flows. Additionally, it can be integrated
with any operating system or application,
resulting in exceptional energy efficiency.

Technology Features:
e (losed loop real-time adaptive power
optimization

e Delivers accurate voltage to each individual
processor across temperature, process
corner, and frequency variations

e Up to 60% typical power savings over
fixed-voltage implementations

e Processor and architecture independent

AVS technology achieves this efficiency

by placing fully synthesizable hardware
performance monitors or HPMs into the ASIC
or SoC (see Figure 2).
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Figure 2. AVS Implementation
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These circuits monitor the device’s process and temperature profile

and report the information to an embedded controller called the
Advanced Power Controller (APC). The APC determines whether a
voltage optimization should be made and, if required, sends a command
to an external Energy Management Unit (EMU) via an open-standard
PowerWise® Interface (PWI) to adjust the voltage supplied to the

digital core. AVS runs in real-time, continuous closed-loop operation
and therefore maintains the minimum energy required to meet the
performance level of the overall system.

AVS technology minimizes system energy consumption and improves
reliability by impacting both dynamic and static (leakage) energy
consumption. The energy savings from an AVS implementation can be
seen in Figure 3.

This portable system example consists of the ARM CPU running with a
variable frequency of 60, 120, 180, or 240 MHz. With AVS, 64% energy
saving is achieved compared to the fixed-voltage scheme. AVS also
demonstrates 28% 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.

Tl developed Adaptive Voltage Scaling technology specifically to address
tomorrow’s energy-saving requirements. It is ideally suited to high
volume systems such as data centers and wireless base stations, as
well as power constrained applications such as portable devices, USB
powered peripherals, and consumer electronics. Anywhere that an ASIC,
processor, or SoC is used, AVS can be implemented.
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Figure 3. Energy savings with PowerWise AVS
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AVS Products

Product Type ProductID  Topology

LP5550 PMIC

LP5551 PMIC
Multi-Output EMU LP5552 PMIC

LP5553 PMIC

LM10503 PMIC

LM10500 Switcher
Single Output EMU LM10520 Controller

LM10540 Controller
AVS System Controller / Bridge Chip LM10000 AVS bridge chip

Vi (V) Outputs Bus
2.7-55 1 x 300 mA switcher, 3 LDOs 50 — 250 mA PWI 1.0
2.7-55 2 x 300 mA switchers, 4 LDOs 25 — 250 mA PWI 2.0
2.7-438 2 x 800 mA switchers, 5 LDOs 25 — 250 mA PWI 2.0
27-4.8 2 x 800 mA switchers, 5 LDOs 25 — 250 mA SPMI

3-55 2A AVS switcher, 2 x 1A switchers PWI 2.0
3-18 5A AVS switcher PWI1.0/2.0
3-18 20A AVS controller PWI 2.0
3-42 20A AVS controller PWI 2.0

N/A Bridge chip enables AVS in power solutions PWI 2.0

Visit www.ti.com/avs to learn more about PowerWise AVS technology.

constitute TI's approval, warranty, or endorsement thereof.

Important Notice: The products and services of Texas Instruments Incorporated and its subsidiaries described herein are sold subject to TI's standard terms and conditions of sale.
Customers are advised to obtain the most current and complete information about Tl products and services before placing orders. Tl assumes no liability for applications assistance,
customer’s applications or product designs, software performance, or infringement of patents. The publication of information regarding any other company’s products or services does not

I

The platform bar is a trademark and PowerWise is a registered trademark of Texas Instruments.
©2011 Texas Instruments Incorporated
Printed in U.S.A. by Aimaden Press, San Jose, CA

TEXAS
INSTRUMENTS

SLYB186



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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