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mmWave in a Mobile Form Factor

Fitting mmWave into a mobile device
is challenging given limited space

Broadside arrays may not face in
needed direction; requiring multiple
arrays.

« Combination of edge facing ¢
broadside arrays? How many:

* Optimum tradeoff for # elements
vs Tx power per element?

» Does fewer elements help for beam
acquisition? Does it hurt system
performance due to interference?
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mmWave Silicon Partitioning — Antenna Array
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min. silicon size = A/2 - Si spacing
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One die per antenna element One die per antenna array

« Optimal routing length/loss « Varying antenna feed lengths (delay
* Very small and many die and loss)
* Many signals for RF phase control * Long feeds = large loss

 Thermal density challenges
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mmWave Silicon Partitioning — Bits to Antenna

Form factor will dictate placement = up to 30cm routing for mobile devices
High frequencies = high insertion loss

What is the best silicon partitioning?

IF Conversion?
What frequency?

How many lanes?
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mmWave EVM Limitations

SNR after DAC (QN, Jitter, Modem,

Integrated Phase Noise and

7% ABB Thermal Noise

3%

PA nonlinearity are dominant

1%

EVM contributors

8%

= DPD potential solution for PA
efficiency vs linearity?

10%

— How to handle multiple PA’s with
single correction (analog
beamforming)?

» Opportunities for phase noise
cancellation?

EVM Contributors (%) for mmWave system Tx
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mmWave Device Examples
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Legal Notices and Disclaimers

. Intel technologies’ features and benefits depend on system configuration and may require enabled hardware, software or service activation. Performance varies
depending on system configuration. No computer system can be absolutely secure. Check with your system manufacturer or retailer or learn more at intel.com.

*  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 http://www.intel.com/performance.

o 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. For more complete information visit http://www.intel.com/performance.

*  Costreduction scenarios described are intended as examples of how a given Intel-based product, in the specified circumstances and configurations, may affect future
costs and provide cost savings. Circumstances will vary. Intel does not guarantee any costs or cost reduction.

*  This document contains information on products, services and/or processes in development. All information provided here is subject to change without notice.
Contact your Intel representative to obtain the latest forecast, schedule, specifications and roadmaps.

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

. Statements in this document that refer to Intel's plans and expectations for the quarter, the year, and the future, are forward-looking statements that involve a number
of risks and uncertainties. A detailed discussion of the factors that could affect Intel's results and plans is included in Intel's SEC filings, including the annual report on
Form 10-K.

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

. Intel does not control or audit third-party benchmark data or the web sites referenced in this document. You should visit the referenced web site and confirm whether
referenced data are accurate.
J © 2018 Intel Corporation. Intel, the Intel logo, Xeon, and others are trademarks of Intel Corporation in the U.S. and/or other countries.

. *Other names and brands may be claimed as the property of others.
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