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SEC begins 64-layer 3D NAND production

Samsung Electronics (SEC) recently announced that it had begun volume producing
64-layer, 256Gb TLC 3D NAND. The company said its new 64-layer 3D NAND flash
provided gains of more than 30% in productivity, speed, and energy efficiency
compared to its existing 48-layer chip. The 64-layer 3D NAND is being produced
initially at the company’s Hwaseong fab, but later will be produced at its new fab in
Pyeongtaek, which is set to be completed later this month. The new Pyeongtaek fab
(Line 18) will go into full operation with the volume production of 64-layer 3D
NAND.

Competitors are quickly catching up. SK Hynix is expected to have the upper floor
of its M14 fab in Incheon ready for operation by the end of this month. The
chipmaker will first use the facility to produce 48-layer 3D NAND flash memory,
before starting mass production of 72-layer 3D NAND in 2H17. Meanwhile, Toshiba
late last month unveiled its newest NVMe SSD, which is based on 64-layer TLC 3D
NAND technology. The company is currently shipping samples to its customers and
plans to start volume production in 3Q17.

Suppliers of related materials and equipment to benefit

The increased number of layers in 3D NAND, along with volume production and
capacity ramp-ups across the industry, point to strong growth in NAND shipments
in 2H17. We expect global NAND shipments to expand 12% QoQ in 3Q17 and 11%
QoQ in 4Q17. This should benefit 3D NAND-related materials suppliers and, to a
lesser extent, equipment makers. As the number of layers increases, so do the
equipment and material requirements. More gas is needed to form gates, more
etching equipment and gas to form channels and contacts, and much more metal
deposition equipment and materials (tungsten, copper, etc.) to form word lines and
bit lines. As the mainstream 3D NAND process moves to 64 layers and beyond, we
expect related equipment and material input to increase, benefiting gas and
materials suppliers like SK Materials.

We also see a sharp rise in spending by SEC. Until TH17, SEC maintained a wide lead
over competitors in 3D NAND technology. But the technology gap has narrowed
significantly, with rival companies set to mass produce 64-layer chips in 2H17. We
think SEC will considerably ramp up spending to widen its lead again through scale
effects. The company is likely to move up investments in the upper floor of its
Pyeongtaek fab and the second phase of its Xi'an fab, which were originally slated
for 2018. This should prove beneficial to equipment makers like Wonik IPS.

64-layer 3D NAND process: Greater material and equipment requirements
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Figure 1. 64-layer 3D NAND process: Greater material and equipment requirements
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Figure 2. 64-layer 3D NAND process: Greater material and equipment requirements
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Figure 3. SEC has begun 64-layer 3D NAND production
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Figure 4. Toshiba has also begun volume producing 64-layer 3D NAND
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Figure 5. Hynix plans to mass produce 72-layer 3D NAND in 2H17
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APPENDIX 1

Important Disclosures & Disclaimers

Disclosures
As of the publication date, Mirae Asset Daewoo Co., Ltd. and/or its affiliates do not have any special interest with the subject company and do not own 1%
or more of the subject company's shares outstanding.

Analyst Certification

The research analysts who prepared this report (the “Analysts”) are registered with the Korea Financial Investment Association and are subject to
Korean securities regulations. They are neither registered as research analysts in any other jurisdiction nor subject to the laws and regulations
thereof. Opinions expressed in this publication about the subject securities and companies accurately reflect the personal views of the Analysts
primarily responsible for this report. Mirae Asset Daewoo Co., Ltd. (“Mirae Asset Daewoo") policy prohibits its Analysts and members of their
households from owning securities of any company in the Analyst's area of coverage, and the Analysts do not serve as an officer, director or
advisory board member of the subject companies. Except as otherwise specified herein, the Analysts have not received any compensation or any
other benefits from the subject companies in the past 12 months and have not been promised the same in connection with this report. No part of
the compensation of the Analysts was, is, or will be directly or indirectly related to the specific recommendations or views contained in this report
but, like all employees of Mirae Asset Daewoo, the Analysts receive compensation that is determined by overall firm profitability, which includes
revenues from, among other business units, the institutional equities, investment banking, proprietary trading and private client division. At the
time of publication of this report, the Analysts do not know or have reason to know of any actual, material conflict of interest of the Analyst or
Mirae Asset Daewoo except as otherwise stated herein.

Disclaimers

This report is published by Mirae Asset Daewoo, a broker-dealer registered in the Republic of Korea and a member of the Korea Exchange.
Information and opinions contained herein have been compiled in good faith and from sources believed to be reliable, but such information has
not been independently verified and Mirae Asset Daewoo makes no guarantee, representation or warranty, express or implied, as to the fairness,
accuracy, completeness or correctness of the information and opinions contained herein or of any translation into English from the Korean
language. In case of an English translation of a report prepared in the Korean language, the original Korean language report may have been made
available to investors in advance of this report.

The intended recipients of this report are sophisticated institutional investors who have substantial knowledge of the local business environment,
its common practices, laws and accounting principles and no person whose receipt or use of this report would violate any laws and regulations or
subject Mirae Asset Daewoo and its affiliates to registration or licensing requirements in any jurisdiction shall receive or make any use hereof.

This report is for general information purposes only and it is not and shall not be construed as an offer or a solicitation of an offer to effect
transactions in any securities or other financial instruments. The report does not constitute investment advice to any person and such person shall
not be treated as a client of Mirae Asset Daewoo by virtue of receiving this report. This report does not take into account the particular investment
objectives, financial situations, or needs of individual clients. The report is not to be relied upon in substitution for the exercise of independent
judgment. Information and opinions contained herein are as of the date hereof and are subject to change without notice. The price and value of
the investments referred to in this report and the income from them may depreciate or appreciate, and investors may incur losses on
investments. Past performance is not a guide to future performance. Future returns are not guaranteed, and a loss of original capital may occur.
Mirae Asset Daewoo, its affiliates and their directors, officers, employees and agents do not accept any liability for any loss arising out of the use
hereof.

Mirae Asset Daewoo may have issued other reports that are inconsistent with, and reach different conclusions from, the opinions presented in this
report. The reports may reflect different assumptions, views and analytical methods of the analysts who prepared them. Mirae Asset Daewoo may
make investment decisions that are inconsistent with the opinions and views expressed in this research report. Mirae Asset Daewoo, its affiliates
and their directors, officers, employees and agents may have long or short positions in any of the subject securities at any time and may make a
purchase or sale, or offer to make a purchase or sale, of any such securities or other financial instruments from time to time in the open market or
otherwise, in each case either as principals or agents. Mirae Asset Daewoo and its affiliates may have had, or may be expecting to enter into,
business relationships with the subject companies to provide investment banking, market-making or other financial services as are permitted
under applicable laws and regulations.

No part of this document may be copied or reproduced in any manner or form or redistributed or published, in whole or in part, without the prior
written consent of Mirae Asset Daewoo.

Distribution

United Kingdom: This report is being distributed by Mirae Asset Securities (UK) Ltd. in the United Kingdom only to (i) investment professionals
falling within Article 19(5) of the Financial Services and Markets Act 2000 (Financial Promotion) Order 2005 (the “Order”), and (ii) high net worth
companies and other persons to whom it may lawfully be communicated, falling within Article 49(2)(A) to (E) of the Order (all such persons
together being referred to as “Relevant Persons”). This report is directed only at Relevant Persons. Any person who is not a Relevant Person should
not act or rely on this report or any of its contents.

United States: This report is distributed in the U.S. by Mirae Asset Securities (USA) Inc., a member of FINRA/SIPC, and is only intended for major
institutional investors as defined in Rule 15a-6(b)(4) under the U.S. Securities Exchange Act of 1934. All U.S. persons that receive this document by
their acceptance thereof represent and warrant that they are a major institutional investor and have not received this report under any express or
implied understanding that they will direct commission income to Mirae Asset Daewoo or its affiliates. Any U.S. recipient of this document wishing
to effect a transaction in any securities discussed herein should contact and place orders with Mirae Asset Securities (USA) Inc., which accepts
responsibility for the contents of this report in the U.S. The securities described in this report may not have been registered under the U.S.
Securities Act of 1933, as amended, and, in such case, may not be offered or sold in the U.S. or to U.S. persons absent registration or an applicable
exemption from the registration requirements.

Hong Kong: This document has been approved for distribution in Hong Kong by Mirae Asset Securities (HK) Ltd., which is regulated by the Hong
Kong Securities and Futures Commission. The contents of this report have not been reviewed by any regulatory authority in Hong Kong. This
report is for distribution only to professional investors within the meaning of Part I of Schedule 1 to the Securities and Futures Ordinance of Hong
Kong (Cap. 571, Laws of Hong Kong) and any rules made thereunder and may not be redistributed in whole or in part in Hong Kong to any person.
All Other Jurisdictions: Customers in all other countries who wish to effect a transaction in any securities referenced in this report should contact
Mirae Asset Daewoo or its affiliates only if distribution to or use by such customer of this report would not violate applicable laws and regulations
and not subject Mirae Asset Daewoo and its affiliates to any registration or licensing requirement within such jurisdiction.
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