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Disclaimer

You may not use or facilitate the use of this document in connection with any infringement or other
legal analysis concerning Intel products described herein. You agree to grant Intel a non-exclusive,
royalty-free license to any patent claim thereafter drafted which includes subject matter disclosed
herein.

No license (express or implied, by estoppel or otherwise) to any intellectual property rights is
granted by this document.

All information provided here is subject to change without notice. Contact your Intel representative
to obtain the latest Intel product specifications and roadmaps.

The products described 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.

Devices and software specified in this document may not have been authorized as required by the
rules of the applicable authorities, including the Federal Communications Commission. These
devices and software are not, and may not be, offered for sale or lease, or sold or leased, until
authorization of such applicable authorities is obtained. In addition, some features may require you
to purchase additional software, services or external hardware.

Tests document performance of components on a particular test, in specific systems. Differences in
hardware, software, or configuration will affect actual performance. Consult other sources of
information to evaluate performance as you consider your purchase. For more complete
information about performance and benchmark results, visit www.intel.com/benchmarks.

Results have been estimated or simulated using internal Intel analysis or architecture simulation or
modeling, and provided to you for informational purposes. Any differences in your system
hardware, software or configuration may affect your actual performance.

Intel disclaims all express and implied warranties, including without limitation, the implied
warranties of merchantability, fitness for a particular purpose, and non-infringement, as well as any
warranty arising from course of performance, course of dealing, or usage in trade.

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 products are not intended for use in medical, life-saving, or life sustaining applications.
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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 part.

This document may contain information on products in the design phase of development. Intel may
make changes to dates, specifications, product descriptions, and plans referenced in this document
at any time, without notice. Do not finalize a design with this information. 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.

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 is providing this collateral for informational purposes. For the avoidance of doubt, this is not a
commitment to supply products or an offer to provide products. All information provided is
confidentiality unless indicated otherwise.

Intel technologies may require enabled hardware, specific software, or services activation. Check
with your system manufacturer or retailer.

Intel technologies’ features and benefits depend on system configuration and may require enabled
hardware, software or service activation. Learn more at http://www.intel.com/ or from the OEM or
retailer.

No computer system can be absolutely secure.

Intel, Denverton and the Intel logo are trademarks of Intel Corporation in the U.S. and/or other
countries.

eMMC™ is a registered trademark of the MultiMediaCard Association (MMCA)
Copyright © 2019, Intel Corporation. All rights reserved.
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TOSHIBA Products’ Disclaimer

Toshiba Memory Corporation and its subsidiaries and affiliates are collectively referred to as “TOSHIBA".

Hardware, software and systems described in this document are collectively referred to as “Product”.

#TOSHIBA reserves the right to make changes to the information in this document and related Product without notice.

eThis document and any information herein may not be reproduced without prior written permission from TOSHIBA. Even with TOSHIBA's written permission, reproduction is permissible only if reproduction is
without alteration/omission.

eThough TOSHIBA works continually to improve Product's quality and reliability, Product can malfunction or fail. Customers are responsible for complying with safety standards and for providing adequate
designs and safeguards for their hardware, software and systems which minimize risk and avoid situations in which a malfunction or failure of Product could cause loss of human life, bodily injury or damage to
property, including data loss or corruption. Before customers use the Product, create designs including the Product, or incorporate the Product into their own applications, customers must also refer to and
comply with (a) the latest versions of all relevant TOSHIBA information, including without limitation, this document, the specifications, the data sheets and application notes for Product and the precautions and
conditions set forth in the "Reliability Information” in Toshiba Memory Corporation’s website and (b) the instructions for the application with which the Product will be used with or for. Customers are solely
responsible for all aspects of their own product design or applications, including but not limited to (a) determining the appropriateness of the use of this Product in such design or applications; (b) evaluating and
determining the applicability of any information contained in this document, or in charts, diagrams, programs, algorithms, sample application circuits, or any other referenced documents; and (c) validating all
operating parameters for such designs and applications. TOSHIBA ASSUMES NO LIABILITY FOR CUSTOMERS' PRODUCT DESIGN OR APPLICATIONS.

*PRODUCT IS NEITHER INTENDED NOR WARRANTED FOR USE IN EQUIPMENTS OR SYSTEMS THAT REQUIRE EXTRAORDINARILY HIGH LEVELS OF QUALITY AND/OR
RELIABILITY, AND/OR A MALFUNCTION OR FAILURE OF WHICH MAY CAUSE LOSS OF HUMAN LIFE, BODILY INJURY, SERIOUS PROPERTY DAMAGE AND/OR SERIOUS PUBLIC
IMPACT ("UNINTENDED USE"). Except for specific applications as expressly stated in this document, Unintended Use includes, without limitation, equipment used in nuclear facilities,
equipment used in the aerospace industry, lifesaving and/or life supporting medical equipment, equipment used for automobiles, trains, ships and other transportation, traffic signaling
equipment, equipment used to control combustions or explosions, safety devices, elevators and escalators, and devices related to power plant. IF YOU USE PRODUCT FOR
UNINTENDED USE, TOSHIBA ASSUMES NO LIABILITY FOR PRODUCT. For details, please contact your TOSHIBA sales representative or contact us via our website.

«Do not disassemble, analyze, reverse-engineer, alter, modify, translate or copy Product, whether in whole or in part.

eProduct shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited under any applicable laws or regulations.

eThe information contained herein is presented only as guidance for Product use. No responsibility is assumed by TOSHIBA for any infringement of patents or any other intellectual property rights of third
parties that may result from the use of Product. No license to any intellectual property right is granted by this document, whether express or implied, by estoppel or otherwise.

eABSENT A WRITTEN SIGNED AGREEMENT, EXCEPT AS PROVIDED IN THE RELEVANT TERMS AND CONDITIONS OF SALE FOR PRODUCT, AND TO THE MAXIMUM EXTENT ALLOWABLE BY LAW, TOSHIBA
(1) ASSUMES NO LIABILITY WHATSOEVER, INCLUDING WITHOUT LIMITATION, INDIRECT, CONSEQUENTIAL, SPECIAL, OR INCIDENTAL DAMAGES OR LOSS, INCLUDING WITHOUT LIMITATION, LOSS OF
PROFITS, LOSS OF OPPORTUNITIES, BUSINESS INTERRUPTION AND LOSS OF DATA, AND (2) DISCLAIMS ANY AND ALL EXPRESS OR IMPLIED WARRANTIES AND CONDITIONS RELATED TO SALE, USE OF
PRODUCT, OR INFORMATION, INCLUDING WARRANTIES OR CONDITIONS OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, ACCURACY OF INFORMATION, OR NONINFRINGEMENT.

eDo not use or otherwise make available Product or related software or technology for any military purposes, including without limitation, for the design, development, use, stockpiling or manufacturing of
nuclear, chemical, or biological weapons or missile technology products (mass destruction weapons). Product and related software and technology may be controlled under the applicable export laws and
regulations including, without limitation, the Japanese Foreign Exchange and Foreign Trade Law and the U.S. Export Administration Regulations. Export and re-export of Product or related software or
technology are strictly prohibited except in compliance with all applicable export laws and regulations.

ePlease contact your TOSHIBA sales representative for details as to environmental matters such as the RoHS compatibility of Product. Please use Product in compliance with all applicable laws and regulations
that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS Directive. TOSHIBA ASSUMES NO LIABILITY FOR DAMAGES OR LOSSES OCCURRING AS A RESULT OF
NONCOMPLIANCE WITH APPLICABLE LAWS AND REGULATIONS.
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Memory landscape on AD Reference Platform

« E.g. Denverton® 16-core design

e SPI:
e SoCFW
e Automotive bootloader

C3000 Series
Denverton® SoC

EE -

° NVMe: 14nm, up to 32MB cache

2,48 up to 16 Cores

* Boot kernel
* Operating system
 Data

« eMMC™ (alternative)
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Automotive platform challenges e

High performance expected but aligned to consumer market
* Pushing emerging technologies early into Intel automotive products

Automotive Mechanical Form Factor Design

* Chassis, connectors, flammability, shock & vibe, EMC NS (
7-10y availability of components anticipated by industry (to avoid requallflcatlon)
AEC-Q100 Grade 2 qual. components today (-40°C +105°C / -40°F +221°F
Economic concept for longevity of ~15years

Targeting 1S026262, Functional Safety Level up to ASIL-D
* Added safety mechanisms (monitoring, feedback, watchdog, e2e protect.)

e S —————

* Usage of low FIT rates parts
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NVMe trend in automotive m
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Market Leaders are working on automotive devices under economic aspects

High interest on early functional enablement on Intel® Automotive Platforms

» Automotive features to reach AEC-Q qualification are on preparation
Adaptable PCB design concept to support various BGA 16 x 20mm NVMe BGAs
Exemplary collaboration with Toshiba Memory® Europe for early evaluation
* Toshiba's BG3 series NVMe is enabled on an Intel AD platform as prototype
« BG3 is designed for client PC usage, this use case is for evaluation purpose only

Toshiba NVMe device BG3® at glance

 DRAM less, power efficient*, matching common voltage rails (3.3/1.8/1.2)%,
reliable 1.5Mh* MTTF and fast write up to 1GB/s’

*) Data from Toshiba BG3 Website ﬂ
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NVMe platform integration

[Schematic]
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Exciting results for autonomous driving apps i ey sumi

Denverton® with Toshiba® 256GB NVMe BGA

* Proof of Concept Test 22\35/5] on an Intel AD platform
Measurement (special use case, non-optimized for performance)
« 2GBfile
) ] ] 1500
« Ext4 with option noatime %f
« 4K aligned partition 1000 b°
 PCle Gen3 x2 Link,
Payload Size 128Byte 500
* 4.14 Linux kernel @-
* Real time threads w/o 0 —
. . 16MB 1TMB 512KB 4KB
irq balancing m\WriteRate  m Read Rate [blocksize]

[No Benchmark data, Shared Data Intel & Toshiba,
referring to disclaimer]

 No Benchmark data as setup is non-optimized
* High write performance observed
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No impact of access mode and polling mode M

Flash Memory Summit
* Proof of Concept Test Measurements _
[MB/s] Denverton® with Toshiba® 256GB NVMe BGA Impact of Polling Mode

1200 on an Intel AD platform o on read operations
(averages, special use case, non-optimized for performance)
1000 os |
800
06 |
600
04 |
400
02 | &
200
0 0
Write Read RandomWrite  RandomRead Classic Polling  Hybrid Polling _
[No Benchmark data, Shared Data Intel & Toshiba, [No Benchmark data, Shared Data Intel & Toshiba,
referring to disclaimer] referring to disclaimer]
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Question and Answers

Thank you!

Matthias Beste,
Hardware Design Engineer, M.Sc.
matthias.beste@intel.com

Automated Driving Solutions Division
ASD/IOTG, 08/22/2019
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