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INFORMATION IN THIS DOCUMENT IS PROVIDED IN CONNECTION WITH INTEL PRODUCTS. NO LICENSE, EXPRESS OR
IMPLIED, BY ESTOPPEL OR OTHERWISE, TO ANY INTELLECTUAL PROPERTY RIGHTS IS GRANTED BY THIS DOCUMENT.
EXCEPT AS PROVIDED IN INTEL'S TERMS AND CONDITIONS OF SALE FOR SUCH PRODUCTS, INTEL ASSUMES NO LIABILITY
WHATSOEVER AND INTEL DISCLAIMS ANY EXPRESS OR IMPLIED WARRANTY, RELATING TO SALE AND/OR USE OF INTEL
PRODUCTS INCLUDING LIABILITY OR WARRANTIES RELATING TO FITNESS FOR A PARTICULAR PURPOSE,
MERCHANTABILITY, OR INFRINGEMENT OF ANY PATENT, COPYRIGHT OR OTHER INTELLECTUAL PROPERTY RIGHT.

A "Mission Critical Application” is any application in which failure of the Intel Product could result, directly or indirectly, in personal injury or
death. SHOULD YOU PURCHASE OR USE INTEL'S PRODUCTS FOR ANY SUCH MISSION CRITICAL APPLICATION, YOU SHALL
INDEMNIFY AND HOLD INTEL AND ITS SUBSIDIARIES, SUBCONTRACTORS AND AFFILIATES, AND THE DIRECTORS, OFFICERS,
AND EMPLOYEES OF EACH, HARMLESS AGAINST ALL CLAIMS COSTS, DAMAGES, AND EXPENSES AND REASONABLE
ATTORNEYS' FEES ARISING OUT OF, DIRECTLY OR INDIRECTLY, ANY CLAIM OF PRODUCT LIABILITY, PERSONAL INJURY, OR
DEATH ARISING IN ANY WAY OUT OF SUCH MISSION CRITICAL APPLICATION, WHETHER OR NOT INTEL OR ITS
SUBCONTRACTOR WAS NEGLIGENT IN THE DESIGN, MANUFACTURE, OR WARNING OF THE INTEL PRODUCT OR ANY OF ITS
PARTS.

Intel may make changes to specifications and product descriptions at any time, without notice. Designers must not rely on the absence or
characteristics of any features or instructions marked "reserved" or "undefined”. Intel reserves these for future definition and shall have no
responsibility whatsoever for conflicts or incompatibilities arising from future changes to them. The information here is subject to change
without notice. Do not finalize a design with this information.

The products described in this document may contain design defects or errors known as errata which may cause the product to deviate
from published specifications. Current characterized errata are available on request.

Contact your local Intel sales office or your distributor to obtain the latest specifications and before placing your product order.

Copies of documents which have an order number and are referenced in this document, or other Intel literature, may be obtained by
calling 1-800-548-4725, or go to: http://www.intel.com/design/literature.htm.

Intel® Turbo Boost Technology requires a system with Intel® Turbo Boost Technology. Intel Turbo Boost Technology and Intel Turbo
Boost Technology 2.0 are only available on select Intel® processors. Consult your PC manufacturer. Performance varies depending on
hardware, software, and system configuration. For more information, visit: http://www.intel.com/go/turbo.

Code names featured are used internally within Intel to identify products that are in development and not yet publicly announced for
release. Customers, licensees and other third parties are not authorized by Intel to use code names in advertising, promotion or marketing
of any product or services and any such use of Intel's internal code names is at the sole risk of the user.

Intel and the Intel logo are trademarks of Intel Corporation in the U.S. and other countries.
*Other names and brands may be claimed as the property of others.
Copyright © 2012, Intel Corporation. All rights reserved.
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Introduction i n te l : >

1 Introduction

The purpose of this document is to explain what Intel® HD Graphics Dynamic
Frequency Technology is and how it complements Intel® Turbo Boost Technology. The
document will also explain how the user can interact with the technology to further
enhance the computing experience.

This document has been written for OEMs, ODMs, technical press, and technical
enthusiasts.

1.1 Terminology
Term Description
CUl Common User Interface
1.2 Reference Documents
Document Document
Location
Intel® Turbo Boost Technology Frequently http://www.intel.com/support/processors/sb/
Asked Questions CS-029908.htm
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I n tel Intel® HD Graphics Dynamic Frequency Technology

Intel® HD Graphics Dynamic
Frequency Technology

2.1

Since 2010, all Intel® Core™ processors include Intel® HD Graphics as part of the
processor architecture. This integration of Central Processor Unit (CPU), memory
controller and the graphics processing capability provides some exciting new features
that improve system performance and reduce power usage, especially in mobile
systems. Two of these new features are Intel® Turbo Boost Technology and Intel® HD
Graphics Dynamic Frequency Technology.

Intel Turbo Boost Technology takes advantage of unused power budget to increase
single or multi-core processor frequency. Intel Turbo Boost Technology was first
introduced with the Penryn family of processors and later enhanced with Intel® Core™
i7 processor family to provide more frequency bins of performance and also included
multi-core turbo technology which made it possible to also get more frequency for
each active core.

The newest family of Intel® Core™ i5 and Intel® Core™ i3 processors continue to
combine both Intel Turbo Boost Technology and the new Intel HD Graphics Dynamic
Frequency Technology. Intel mobile platforms are designed to maximize performance
and minimize power usage for a given power budget based upon form factor. With
the combination of Intel Turbo Boost Technology on the CPU and Dynamic Frequency
Technology as part of the Intel HD Graphics, the system may be able to increase the
processor or graphics frequency and voltage in order to speed up application
processing.

Power Sharing Theory of Operation

The theory of operation starts with the power load line or turbo triangle - see Figure 1.
On the x-axis is the maximum CPU power, and on the Y-Axis is the maximum graphics
power. The majority of time both the CPU and graphics are at idle or near idle power.
Figure 2 shows the power limits when turbo is not available.

The maximum processor and graphics core power is based upon maximum package
power that can be delivered and cooled. In essence, this is the guaranteed frequency
and power for the individual cores, should applications require both cores to be fully
active concurrently. However, in most cases, an application will only make the
processor core or graphics core active at a time.

Upon the launch of an application, that application may be very processor intensive.
If there is additional thermal and power budget, the processor can make use of Intel®
Turbo Boost Technology to increase both frequency and voltage, to help speed up the
application. In essence, the processor is borrowing the unused graphics power and
thermal budget - see Figure 3. This also works for applications that are graphics
intensive. The graphics engine makes use of Dynamic Frequency Technology to
increased both frequency and voltage - see Figure 4.
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Some applications will be balanced or require increased processor or graphics
processing capability. Figure 5 is an example of an application utilizing Intel HD
Graphics Dynamic Frequency Technology while also utilizing Intel Turbo Boost
Technology by increasing processor frequency, which translates into increased
performance.

Starting with Sandy Bridge, the graphics core(s) are included on the same die as the
processor cores. This enables greater efficiencies when managing power and thermal
budgets. The integration also removes the need for additional software support, since
the capabilities are now managed by hardware engines. Integration also makes it
possible for the die to actually exceed TDP for short periods of time that are not
thermally relevant.

Intel’s latest processor generation has further enhanced Intel Turbo Boost Technology
and Intel HD Graphics Dynamic Frequency Technology with increased efficiencies in
power-sharing algorithms and further increasing the time in which TDP may be
exceeded, thereby providing an improved end-user experience.

Figure 1. Power Load Line
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Figure 2. Core Limits without Intel® Turbo Boost Technology and Intel® HD Graphics
Dynamic Frequency Technology
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Figure 3. Intel® Turbo Boost Technology
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Figure 4. Intel® HD Graphics with Dynamic Frequency Technology

Gfx Frequency
Max

:

Turbo
Range

Application

Graphics Power (Watts)
Graphics Intensive

CPU Frequency

o

CPU Power (Watts)

Figure 5. Both Processor and Graphics Active with Graphics Utilizing Dynamic
Frequency Technology
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Benefits of Intel® Turbo Boost Technology and
Intel® HD Graphics with Dynamic Frequency
Technology

Platforms based upon Intel® Core™ i5 and i3 processors receive Intel Turbo Boost
Technology and Intel HD Graphics with Dynamic Frequency Technology, provided that
proper power, thermal design, and ambient temperature are maintained. One major
advantage that Intel Turbo Boost Technology provides is increased performance on
the most commonly-used applications, such as when a user converts an audio file to
sync with their favorite MP3 player.

With iTunes8%*, Intel has seen approximately 10% or greater improvement over the
same processor without Intel Turbo Boost Technology. This is accomplished by the
processor making use of Intel Turbo Boost Technology to increase processor frequency
to decrease the amount of time it takes to convert the file(s). The user may also want
to convert a video file for use on a mobile device while travelling on an airplane or
sending an E-mail to family in another State or Country. The performance boost with
Intel® Turbo Boost Technology for video encode can be anywhere from 2% to 22%,
depending on the application and the video source files. One of the major benefits of
the Intel® Core™ i5 and Intel® Core™ i3 family of processors is Intel HD Graphics with
Dynamic Frequency Technology.

Many mobile users enjoy having a highly-portable and light laptop. With portability,
users have previously had to sacrifice some media performance. This is no longer the
case with Intel HD Graphics with Dynamic Frequency Technology. Users are now able
to watch their favorite Blu-ray* movies while travelling without having to lug around a
heavy laptop that was previously required to get this feature.

Intel® HD Graphics with Dynamic Frequency Technology also provides additional 3D
performance. During game play, the graphics core, along with the graphics driver,
have the intelligence to sense when additional performance is required. Increased
demand causes the graphics core to make use of Dynamic Frequency Technology to
ensure increased frame rate and a better user experience.

Figure 6 shows several games that experience increased performance due to
Intel® HD Graphics with Dynamic Frequency Technology.
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Figure 6. Benefits of Intel® HD Graphics with Dynamic Frequency Technology
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2.3 End User Controls

Intel is also enabling end-user controls. The controls are part of the Microsoft
Operating System Power Plan settings (see Figure 7) and Intel® Graphics and Media
Control Panel CUI controls (see Figure 8). Intel chose to follow the three industry-
established power settings: Maximum Performance, Balanced, or Maximum Battery.

The OS attempts to maintain the highest performance state on the processor core
when the Power Plan options in the OS are set to Maximum Performance. Intel Turbo
Boost Technology Driver will place a bias on power budget requests to the processor
core in this configuration, regardless of graphics CUI setting. When the OS power
option is set to Balanced, the driver will bias the processor core unless the graphics
CUI is set to Maximum Performance. The final option, Maximum Battery, will
essentially disable Intel® Turbo Boost Technology by preventing the OS from allowing
the processor to enter its highest performance state.

Intel Graphics and Media Control Panel CUI settings work similarly to the Power Plan
in the 0S. Selecting Maximum Battery limits the graphics frequency to the
guaranteed frequency for the part. Maximum Performance and Balanced settings
work similarly to the Power Plan as well, except when there is a request from both the
processor and the graphics cores for power budget. In this circumstance, the Intel®
Turbo Boost Driver will make a determination regarding which core will receive the
budget (based upon the Power Plan setting). In most cases, the power budget is
given to the processor core unless it is set to Balanced or Maximum Battery, and the
graphics is set to Maximum Performance.
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Intel® HD Graphics Dynamic Frequency Technology

Figure 7. Operating System Power Plans
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Figure 8. Graphics CUI Power Plans
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2.4
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Summary

Since the launch of the Intel® Core™ i5 and Intel® Core™ i3 processor family of
products, Intel includes both Intel® Turbo Boost Technology and Intel® HD Graphics
with Dynamic Frequency Technology. This combination of technologies takes
advantage of unused power by either processor or graphics cores and allows that
power budget to be given to the other core to work above the guaranteed frequency
and power. In the event that applications require full utilization of all processor and
graphics cores, the part will run at the guaranteed frequency, thereby preserving
system performance.

The benefits range from everyday applications such as Apple* iTunes* to further
enhance one’s music library; to video encoding to share videos with friends and
family. Smooth and vibrant Blu-ray* video playback delivered by Intel® HD Graphics
will also utilize Dynamic Frequency Technology to minimize power use and maximize
portability. Finally, 3D applications take further advantage of Intel® HD Graphics with
Dynamic Frequency Technology to enhance the user’s visual experience in increased
frame rates and better 3D quality.
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