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Fras l\lgmlérynderboItT'"' Technology Overview
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Transformational high-speed, dual-protocol, PC I/
O delivering performance, simplicity, and flexibility

Leading Performance in PCI/O

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

Simple

e Connect to more devices with data
and display on ONE cable

Flexible = PCl Express* = - PCl Express =

e Add more devices simply with daisy vev == Thunderbolt™ Cable ~ v
chaining
LA A wvew

eEnables PCle expansion outside of the
DisplayPort == DisplayPort =~

PC chassis
Thunderbolt Thunderbolt
Controller Controler

Fastest Connection to Your PC Experience’

vary depending on the specific hardware and software used. For more information go to http://www.intel.com/technology/

€ unoersolr.

*Other names and brands may be claimed as the property of
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rashvemoy  Protocol Overview

Application-specific
. Transparent Tunneling of PCI Protocol Stacks

Express* / DisplayPort* ’
wpress ] Dy DisplayPort

« Common electrical interface

» Common Thunderbolt™ transport Common Transport

- Connection managed by silicon /
frmware Electrical Layer
Connector and Cable

Thunderbolt™ Technology

€2 THUNDERBOLT
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msiemoy 1 hunderbolt™ Connector and

e 2X channels per cable - 10Gbps e Thunderbolt™ receptacle
bidirectional per channel compatible with Mini DP (but
e Active cables (circuitry in cable is a new part)
ends) enables cable length of up e Silicon detects if native

to 3m DisplayPort* or Thunderbolt
- Connection setup logic when p|ugged in

- Power logic
- Clock/Data recovery circuitry

/ - e =t 10 Gbp3 = = =
! ~ e RN R
. E s 10 GDpS s oo o
X = s == 10Gbps = == ==

\\
\\

Thunderbolt cable exploded view
of dual channel data streams

‘5) THUNDERBOLT.
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FlashMemory Thunderbolt™ Protocol
Tunneling
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Protocol Protocol 8b/10b Encoding

Data Header
Payload
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FlashMemory Thunderbolt™ Protocol

[ SUMMIT |

Mapping a protocol to the ThTruen)ﬂﬂvuﬂg't:

Protocol Protocol 8b/10b Encoding Thunderbolt 4 byte header +

Data Header .
64/66 Encodin
Payload / ‘N9

() THUNDERBOLT.
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msoiUnderbolt™ Protocol Tunneling
B End-to-End

I —> L —S [ I — BT — |

Controller

\

Recreated 8b/10b
Encoding

Underlying Protocol(s) . Thunderbolt Protocol |, Underlying Protocol(s)
| 1

« Underlying protocol untouched, 8b/10b encoding removed

» Thunderbolt™ header used for path routing
- 10.3125Gbps signaling @ 66/64: 10Gbps of real data throughput

- Underlying electrical encoding replaced at endpoint

‘7) THUNDERBOLT.
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msivemry | @Chnology Architecture

- 10Gbps per channel, bidirectional
f P> P ’ Example PC System Diagram
perfrormance Other system configurations possible

PCl Express* and DisplayPort* protocols Y

Intel*
Thunderbolt™ ports compatible with «>:» Processor
standard DisplayPort

Small connector with 12W power delivery
— Devices can be bus or self A/C powered, 8.5
watts bus power available to power device DisplayPort
— Bus powered devices can only be plugged into

self A/C powered devices, or directly to host
) PCle x4 DisplayPort
Thunderbolt

Daisy chain topologies Contro"eﬂ

——

Thunderbolt Connector

€2 THUNDERBOLT.
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FlashMemory What the OS Sees - PCI

[ SUMMIT |
w
Host PC PCI e S S

Express*
Root Hub

\ 4
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°IDd
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. Thunderbolt™ :
Domain :
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nsivenry  Example Thunderbolt™

A single connection for DisplayPort*, and PCl Express*

Display Panel
e
Device

PCIe x1

Ethernet
Thunderbolt™ | Controller

DP output CO ntI‘_O| |er
(Device)

' Fire Wire

€2 THUNDERBOLT
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rsivenoy  Daisy Chaining and Native

Multiple Thunderbolt™ devices can be connected to a single Thunderbolt
connector on a PC

* A native DisplayPort*(DP++) display can be connected at the end of the daisy
chainl

* Downstream TBT ports behave as a PC extension

Daisy-chained device ports support either Thunderbolt or DisplayPort

O 0 9o o o

Native Thunderbolt Products

Native DisplayPort

‘) THUNDERBOLT 1The last Thunderbolt product before a native ‘ intel.

DisplayPort display cannot be a Thunderbolt
display
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fasiveny - Example Daisy Chain

Sarvemt oo [
PCle _DP

Controller Controller

PCle
Switch

Host PCle
I/F

| Vi !
Thunderbolt Switch Thunderbolt Switch
f A Ar A
v v v ¥ v

(s)221A2Q 910d

JLJ JLJ JLJ

)
® Thunderbolt™ Cable

€2 THUNDERBOLT.
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fasiveny - Example Daisy Chain

Sarvemt oo [
"cle P oo [

Controller Controller Controller

PCle
Switch

Host PCle
I/F
l \ 4 é y v

Thunderbolt Switch Thunderbolt-Switch Thunderbolt Switch

r A A 'I 1n EIEI |

4
vV V v JV v ¥

LJL] LJL] LJL] LJL] LJL] LI.I
( \ |
]

) ( DP omﬁt, to
" Thunderbolt™ Cable ~* screen/conn.

PCle
Switch
SRS

U
(s)a21n8@ °10d

(s)a21n8@ 810d

T3
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Aasivenoy  Example Daisy Chain

Sarvemt oo [
e Dp oo [

Controller Controller Controller

PCle
Switch

Host PCle
I/F

| , |

Thunderbolt Switch Thunderbolt-Switch Thunderbolt Switch

HH i i i ! il

V. VY y
JLJ JLJ Ir JLJ LJLJ JLJ JLJ LJ

u DP out, to
" Thunderbolt™ Cable ~* screen/conn.

PCl Express* devices behind Thunderbolt™ controllers appear logically as behind
PCle switches

Displayport* connection across Thunderbolt is transparent to the system and is
treated as a replacement for a DP cable

Drivers require little modification to account for hot plug/unplug events

PCle
Switch
SRS

(s)@21A9@ 31Dd
[ ]
(s)a21n8@ °10d

) N I\I
i | . |
AW,
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nsvenoy  PC INdustry Support

[ SUMMIT |

Motherboards

PCs
FE =z = L% 0 8

Apple MacBook Air Apple MacBook Pro ASUSPBZ77-V ASUS PRZ77-V PRO (A)Joyw(AZ??Hx Gigabyte Z77X-UP4
Promium Thunderbolt  Thunderbolt

IO( oo

Ao G55 s Uty u2seer Ggobyto 277K UPS  Wnel D2Z77RETSK  MSIZ7TAGOOO

l Al NEC ODMs
- | — @COMPAL

FOXCOnNnN

inventec W Sstron

_ €9 THUNDERBOLT.
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FlashMemory Available Devices
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Western Digital Elgato : Promi
omise Pegasus
MyBook Thunderbolt Thunderbolt SSD R6 g

Duo 6TB RAID System

e —

Promise Pegasus
R4

Apple Thunderbolt 4TB RAID System

Display

AJA lo XT

Blackmagic : : - G-Tech G-RAID
L 2
UltraStudio aCie 2big with Thunderbolt

LaCie Little Big Disk

Thunderbolt Series
Thunderbolt Series 3D

$299 and below

Seagate GoFlex Blackmagic

Thunderbolt™ Intensity
Adapter Shuttle
‘ w " Sonnet ExpressCard
- 34 Thunderbolt™
4 : ha Adapter

§ wii?
l,i’.!

Seagate GoFlex Desk Blackmagic LaCie berud Matrox MX02 ‘
Thunderbolt Adapter Intensity Extreme eSATA Hub Thunderbolt™ Adapter %

€2 THUNDERBOLT. (intel
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vy BYOad Device Industry
Digital PHILIPS P belkin

surran. - QD io[l _ MMsi Canon /10C

meg

~ o
'\ 4| JEEEETE E AMAGMA 75‘,?2“5 Q Logic

AJA.  capgt dropo ARRI® @ 0

tarir Fasr

T

versror  QNRAP ’ matroxX | |8 rocstor MOTU

-
<= SUNIX Accusys RAIDON
v
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FlashMemory Thunderbolt Cables

[ SUMMIT |

» Thunderbolt cable manufacturers B5a=cg Sg¢

— Cables available in various lengths / colors LI NTES
- .1m to 3m for electrical cables S e et

— 10m to 20m for optical cables (Q4’12) < SUMITOMO ELECTRIC

- Retail cables
Western

— Available now * belkin / Digital’

— Various brands

— Multiple distribution outlets elgato StarTech-om

Hard-lo-find made easy

- Lower priced cables coming in Q4’12...

“...Lintes is pleased to announce “By driving to lower cost

new lower cost Thunderbolt Thunderbolt cable solutions,
cables...based on next generation Sumitomo is actively
components, these new cables will working with Thunderbolt device
enable lower cable prices to the vendors to get cables included in
' try...” ”

*Qther names and brands may be claimed as the property of others.
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mshvenoy 1 NUNAerbolt™ Technology

= Enabling

- Register with the Thunderbolt Technology
Community at https://thunderbolttechnology.net/ to

get more Thunderbolt™ product, plugfest, developer
lab information

 Sign Thunderbolt™ Technology and trademark
licenses

€2 THUNDERBOLT
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FasiMemory  Summa ry

- Transformational high speed, dual-protocol, PC1/0
delivering performance, simplicity and flexibility

- New connector which is compatible with DisplayPort*
- Transparent protocol mapping

- Support for daisy chaining

€2 THUNDERBOLT
18
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FlashMemory
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nk@@al Disclaimer

JEINFSRMIATION 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.

UNLESS OTHERWISE AGREED IN WRITING BY INTEL, THE INTEL PRODUCTS ARE NOT DESIGNED NOR INTENDED
FOR ANY APPLICATION IN WHICH THE FAILURE OF THE INTEL PRODUCT COULD CREATE A SITUATION WHERE
PERSONAL INJURY OR DEATH MAY OCCUR.

Intel mak/l 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 incomP_atibiIities arising from
fu}:ure cth_anges 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.

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.

Thunderbolt™ is compared to other PC I/O connection technologies including eSATA, USB and IEEE 1394 Firewire*.
Performance will vary depending on the specific hardware and software used. For more information go to http://
www.intel.com/technology/io/thunderbolt.

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.
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raRisd 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.
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