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Thunderbolt™ Technology Overview

Transformational high-speed, dual-protocol, PCI/0
delivering performance, simplicity, and flexibility

Leading Performance in PCI/O

e Faster speed & multi-tasking with
bidirectional, dual-channel, 10Gbps per
port

e Pro class A/V creation with time-
synchronized low latency streaming

Simple & Flexible o R e

e Connect to more devices with data and v = Tl Galel— v
display on ONE cable

e Add more devices simply with daisy DisplayPort DisplayPort =
Cha ini ng Thunderbolt Thunderbolt

Controller Controller

Fastest Connection to Your PC Experience’

IDF2011

Tt As compared to other PC I/O connection technologies including eSATA, USB, and IEEE 1394 Firewire*. Performance will vary depending (NTEL BEVELOPES: FORUMN

on the specific hardware and software used. For more information go to http://www.intel.com/technology/io/thunderbolt/index.htm



Thunderbolt™ Technology Overview

What is it?

* PCI Express™ (PClIe) and DisplayPort™ on one
cable simultaneously

* Full bandwidth in both directions at the same
time

Benefits for users

* More bandwidth and low overhead = better
oy - responsiveness

‘0{"""’ e Dual protocols allows connectivity to more
devices and to multi-function devices

DisplayPort* S S / T T2 PCle
(on PC PCB) ¢ (on Peripheral
P " Thunderbolt b PCB)

/ Wler
&
Thunderbolt S
S

2
/“’q_._\x
L

Cable ’

DisplayPort (on
Peripheral Peripheral PCB)
(Device)
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The connection example shown above is one possible configuration; other configurations and data flows are possible depending on the INTEL DEVELOPER FORUM
system design.
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Daisy Chaining

« Up to 6 Thunderbolt devices can be connected to a
single Thunderbolt connector on a PC

 And a native DisplayPort display can be connected
at the end of the daisy chain*

9 0 o o | o

Native Thunderbolt Products .
Native
DisplayPort

*The last Thunderbolt product before a native DisplayPort

display cannot be a Thunderbolt display

INTEL DEVELOFER FORLIM

Native
DisplayPort



Thunderbolt™ Cables

e 2X channels per cable — 10Gbps e Active Optical cables
bidirectional per channel coming soon

e Each direction in each channel e DisplayPort cables will
can be data and / or display NOT work as Thunderbolt

e Active cables (circuitry in cable cable replacement

ends) enables cable length of up
to 3m

10 Ghps

. = 10 Gbps = :
S 10 Ghps l —
10 Ghps ;

Thunderbolt™ cable exploded view of dual channel data streams

€2 THUNDERBOLT. IDE201]
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Thunderbolt Technology and USB3.0

Thunderbolt USB3.0
technology

Data and HD Display Yes No
simultaneously

Connect displays or data Yes No

devices to the same

connector

Max one-way bandwidth per 20Ghbps 5Gbps

connector

Multiple devices Yes — daisy Yes — star, hub
chain

Power to cable for bus 10W ~5W

powered device

Max cable length 3m (electrical) 3m (electrical)
Tens of meters
(optical)

The data above is based upon the technology specifications, no formal benchmarking has yet been completed. Performance will vary depending on the
specific hardware and software used. For more information go to http://www.intel.com/technology/io/thunderbolt/index.htm
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€2 THUNDERBOLT.

Technology Architecture

10Gbps per channel, bidirectional
performance

— 2 channels per cable
Native PCle and DisplayPort protocols

Example PC System Diagram
Other system configurations possible

¢‘¢
Intel* - ‘/ @
®
- Uses native PCIe and DP drivers -« » Processor | R Sty
Compatible with standard DisplayPort Memory
— Thunderbolt ports can operate in native
DP mode
Small connector with cable options ! DfsplaiPiont
— Active electrical cable (up to 3m) w/ |
10W power, or can be extended with... |
— Active optical cable (up to tens of R R L DisplayPort
meters) Controller
Daisy chain topologies ﬂ
— 6 Thunderbolt devices and 1 native Al
DisplayPort display ]
-
Thunderbolt Connector

IDF2011
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Thunderbolt™ Brand

 Brand Promise:
— All Thunderbolt™ branded products
interoperate across all vendors
— A single (electrical) Thunderbolt
connector for all Thunderbolt branded
products and cables

- Key Requirements
— Signed Thunderbolt technology and
trademark licenses
— All PC’s & Peripherals must pass
certification testing.

e Licensed Assets

- Logo for marketing - for use in
product packaging, marketing,
advertising, web, print

— Icon for products - for use on bezel
to identify connector(s), used on
cables

— Details of use documented in
Thunderbolt technology trademark

and Logo Usage Guidelines
12
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Industry Device Enabling

Flexible System High-Performance Media Creation,

Transfer

Desktop
Storage
|
Multi- -l Mobile
Function T g Storage ' Video
Monitors Capture
2 Interfaces
5 I/0, Card |
5 Expanders \
Audio, Video
Creation
Interfaces
Card __
Readers & il | |E. . HiN

IDF2011
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Thunderbolt™ Technology

Industry Participation

Western Canon AJA
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Summary

e Thunderbolt™ technology is the fastest PC
I/0 technology at 2 channels of 10Gbps
bidirectional per cable

e PCI Express™ and DisplayPort* protocols
natively supported

e Innovative usage models are possible with
Thunderbolt technology

e Industry support for Thunderbolt technology
IS growing

‘) THUNDERBOLT. IlhDDEGZQJU]
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Legal Disclaimer

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. INTEL PRODUCTS ARE NOT
INTENDED FOR USE IN MEDICAL, LIFE SAVING, OR LIFE SUSTAINING APPLICATIONS.

Intel may make changes to specifications and product descriptions at any time, without notice.

All products, dates, and figures specified are preliminary based on current expectations, and are subject to change without notice.

Intel, processors, chipsets, and desktop boards 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.

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

Software and workloads used in performance tests may have been optimized for performance only on Intel microprocessors. Performance
tests, such as SYSmark* and MobileMark*, are measured using specific computer systems, components, software, operations and
functions. Any change to any of those factors may cause the results to vary. You should consult other information and performance tests to
assist you in fully evaluating your contemplated purchases, including the performance of that product when combined with other products.
Intel processor numbers are not a measure of performance. Processor numbers differentiate features within each processor family, not
across different processor families. Go to: http://www.intel.com/products/processor_number

Intel product plans in this presentation do not constitute Intel plan of record product roadmaps. Please contact your Intel representative to
obtain Intel's current plan of record product roadmaps.

Intel, Thunderbolt, Sponsors of Tomorrow and the Intel logo are trademarks of Intel Corporation in the United States and other countries.
*Other names and brands may be claimed as the property of others.

Copyright ©2011 Intel Corporation.

IDF2011
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Risk Factors

The above statements and any others in this document that refer to plans and expectations for the second quarter, the year and the future are forward-
looking statements that involve a number of risks and uncertainties. Words such as “anticipates,” “expects,” “intends,” “plans,” “believes,” “seeks,”
“estimates,” “may,” “will,” “should,” and their variations identify forward-looking statements. Statements that refer to or are based on projections, uncertain
events or assumptions also identify forward-looking statements. Many factors could affect Intel’s actual results, and variances from Intel’s current
expectations regarding such factors could cause actual results to differ materially from those expressed in these forward-looking statements. Intel
presently considers the following to be the important factors that could cause actual results to differ materially from the company’s expectations. Demand
could be different from Intel's expectations due to factors including changes in business and economic conditions, including supply constraints and other
disruptions affecting customers; customer acceptance of Intel's and competitors’ products; changes in customer order patterns including order
cancellations; and changes in the level of inventory at customers. Potential disruptions in the high technology supply chain resulting from the recent
disaster in Japan could cause customer demand to be different from Intel's expectations. Intel operates in intensely competitive industries that are
characterized by a high percentage of costs that are fixed or difficult to reduce in the short term and product demand that is highly variable and difficult to
forecast. Revenue and the gross margin percentage are affected by the timing of Intel product introductions and the demand for and market acceptance of
Intel's products; actions taken by Intel's competitors, including product offerings and introductions, marketing programs and pricing pressures and Intel's
response to such actions; and Intel’s ability to respond quickly to technological developments and to incorporate new features into its products. The gross
margin percentage could vary significantly from expectations based on capacity utilization; variations in inventory valuation, including variations related to
the timing of qualifying products for sale; changes in revenue levels; product mix and pricing; the timing and execution of the manufacturing ramp and
associated costs; start-up costs; excess or obsolete inventory; changes in unit costs; defects or disruptions in the supply of materials or resources; product
manufacturing quality/yields; and impairments of long-lived assets, including manufacturing, assembly/test and intangible assets. Expenses, particularly
certain marketing and compensation expenses, as well as restructuring and asset impairment charges, vary depending on the level of demand for Intel's
products and the level of revenue and profits. The majority of Intel’'s non-marketable equity investment portfolio balance is concentrated in companies in
the flash memory market segment, and declines in this market segment or changes in management’s plans with respect to Intel’s investments in this
market segment could result in significant impairment charges, impacting restructuring charges as well as gains/losses on equity investments and interest
and other. Intel's results could be affected by adverse economic, social, political and physical/infrastructure conditions in countries where Intel, its
customers or its suppliers operate, including military conflict and other security risks, natural disasters, infrastructure disruptions, health concerns and
fluctuations in currency exchange rates. Intel’s results could be affected by the timing of closing of acquisitions and divestitures. Intel's results could be
affected by adverse effects associated with product defects and errata (deviations from published specifications), and by litigation or regulatory matters
involving intellectual property, stockholder, consumer, antitrust and other issues, such as the litigation and regulatory matters described in Intel's SEC
reports. An unfavorable ruling could include monetary damages or an injunction prohibiting us from manufacturing or selling one or more products,
precluding particular business practices, impacting Intel’s ability to design its products, or requiring other remedies such as compulsory licensing of
intellectual property. A detailed discussion of these and other factors that could affect Intel’s results is included in Intel’s SEC filings, including the report on
Form 10-Q for the quarter ended April 2, 2011.

Rev. 5/9/11
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Thunderbolt™ Cable
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Thunderbolt™ Cable
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