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a Western Digital brand

[lpeactaBneHmne HGST.
CocTtoaHune nHayctpumn HDD.
MAMR - TexHoNnornyecknm
NPOpPbIB B MarHUTHOW 3anucu.

[pucopuli HUKOHOB, cUCMEMHbIU UHM(EHEP



mailto:grigory.nikonov@hgst.com

OcHoBaHa B 2003 B pe3ynbraTe CIMAHMA NPOU3BOATCBA KECTKUX
nnckos IBM, komnanuun-cosaatens HDD, v Hitachi, Ltd (“Hitachi”)

MpnobpeteHa Western Digital 8 2012

[onoBHOM odpuc HaxoamnTca B CaH Xoce, KannpopHus
Bo Bcem mupe pabotaet okosno 38,000 coTpyaHUKOB
Bonee 5,200 pencreytowmx nateHTos (YE2013)

[Mpon3BOAUT MHHOBALMOHHbIE MPOAYKTbI: }KeCTKUe ANCKMN,
TBEPAOTE/IbHbIE HAKONUTE/IN CEPBEPHOINO KNacCa, CUCTEMbI XPaHEHUA
n CepBUCHI
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Ultrastar® SN150 @@9. Ultrastar SN260

EOL: Last Order: 3/2017 Last Shlp 9/2017

Ultrastar> SN100 COOK  Ultrastars SN200

EOL: Last Order: 3/2017 Last Ship: 9/2017
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ENTERPRISE SAS SSD

[OOH

a Western Digital brand

Ultrastar® SS300

a Western Digital brand

Ultrastar® $$200 r H[c]s]T|

Ultrastar® SSDSOOMH.B
Ultrastar® SSD1600MM / SSD1600MR
EOL: Last Order: 9/2017, Last Ship: 12/2017

CIOOH

a Western Digital brand
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ENTERPRISE SATA SSD
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e _— DATA CENTER GRADE DATA CENTER GRADE
SATA 2.5" SATA 2.5"

CLOUDSPEED CLOUDSPEED

GEN. Il GEN. Il

CloudSpeed Ultra™ Gen. I CloudSpeed Eco™ Gen. Il
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09 PERFORMANCE HDD

Ultrastar® C15K600

Ultrastar C10K1800 HIGYs]T

a Western Digital brand

H[cIs]T

a Western Digital brand

Ultrastar® C10K900
EOL: Last Order: 3/2017, Last Ship: 9/2017
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B9) CAPACITY HDD

Entry Level

®
7200 rpm Ultrastar® 7K2

Low Capacity ®
7200 rpm Ultrastar® 7K6000

Ultrastar®
HelO

High Capacity

7200 rpm il
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BO) MOBILE HDD

Travelstar® Z7K500* Cinemastar® Z7K500 Endurastar® J4K320 9.5mm
7mm EOL: Last Order: 8/2017, Last Ship: 9/2017 4200 rpm
7200 rpm

NEW: [ Travelstar® Z7K500.B ]
Travelstar® Z5K1000* Cinemastar® Z5K500
EOL: Last Order: 12/2017, Last Ship: 3/2018

Travelstar® Z5K500.B [ Cinemastar® Z5K500.B ]
7mm EOL: Last Order: 7/2017, Last Ship: 10/2017
5400 rpm

Travelstar® Z5K500* Cinemastar® C5K1000

EOL: Last Order: 7/2017, Last Ship: 8/2017

Travelstar® Z5K1

J-smm Travelstar® 7K1000*
7200 rpm
9.5mm ® %

Travelstar 5K1000 )

5400 rpm EOL: Last Order: 7/2017, Last Ship: 8/2017 *Also available as 24x7 EA model

T
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4U60 Storage Platform -
Enterprise-Grade Hybrid JBOD Platforms

60

Up to 60 integrated Ultrastar
SAS/SATA drive modules

Hybrid

Configurable with up to 12
800GB SSDs

720TB

High-Density, Scalable, and Cost-Effective. From 96TB to 720TB

4U60 Storage Platform features up to 720TB of storage, enterprise-class serviceability
and availability, and is qualified with a broad range of HGST devices.

T
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2U24 All-Flash Platform =

Enterprise-Grade Flash Storage Platform Platforms

24

Up to 24 integrated HGST
SAS/SATA SSD modules

SAS3

Up to six 12Gb/s SAS3
connections to host

1841B

All-Flash Platform for Software-Defined Storage. From 11TB to 184TB

2U24 All-Flash Platform balances performance with capacity by delivering high IOPs
with low latency at up to 184TB capacity.

T
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UHAYCTPUA XpaHEHUA NO COCTOAHUIO HA Hayano 2017 r.
(KBapTanbHas Bbipy4yka B $ mnpa)

$4.7
$3.9°
$1.3 $1.3
- - =
Westen Digital. SAMSUNG TOSHIBA @) sencare Micron ymx (inteD

*Toshiba revenue from CQ4'16
Source: Company website; Public filings; analyst reports; S&P Capital 1Q



CAMDIE CUABHBIE NATEHTHBIE NOPT®EAU B MUPE
“|EEE Power Six”

18554
10545

8694
7674

Google Inc.
Apple Inc.
Western Digital Corp.

Qualcomm Inc.

Facebook Inc. 4102
Ford Motor Co. 3817
Intel Corp. 3256
AbbVie Inc.
Flex Ltd.
IBM

Samsung Electronics Co. 2472

T

Micron Technology Inc. 661

Seagate Technology PLC 250

™

Source: 2016 IEEE http://spectrum.ieee.org/static/interactive-patent-power-2016



banaHc SSD u HDD

$ mnpa

$25
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$0

Enterprise

FY2016

meHDD

FY2020

meSSD
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$ mnpa
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Client

FY2016

mcHDD

FY2020

mcSSD

Source: WDC
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KecTtkumn ancK ymep, aa sapascrasyet SSD ?

* Het, Ho XOPOLLMWIN Bonpoc! @
* HEMHOro yBa*KeHUs CTapuKy Xxapay — OH NO-NpeXHemy . o il
“ Vg 1) r oL
camas TOYHaa MallMHa Ha cBeTe. 3agyMmamnTech... s ST k4
|£||y 60 EB/yr : Mup XpaHéHMh: 1 ,
* OH He cambliXl MOAHbIN U COBPEMEHHbIN, HO MPOBEPEHHbDIN, L 6Q0 EB/YF&: | :
ke

..II._'-IE:?L_ q"_:.“.
g
e, N g ! F

Kpenknm n HaagexHoin. Kak TepmunHatop T-800.

‘%‘La

* CQ2 '17 HDD Exabytes Rise to 158.50
* 2CQ17 Total SSD Market: 15.156EB

T
m ee . ©2017 Western Digital Corporation or its affiliates. All rights reserved. 10/23/2017 15
a Western Digital brand


https://www.storagenewsletter.com/2017/08/16/2q17-hdd-ebabytes-rise-to-159-despite-lower-units-shipments-of-96-million-trendfocus/
https://www.storagenewsletter.com/2017/08/16/2q17-hdd-ebabytes-rise-to-159-despite-lower-units-shipments-of-96-million-trendfocus/

HenpepbiBHbIN POCT AaHHbIX U ponb HDD

Total EB

B Fast Data

Big Data

0
Cv¥2016 CY2017 CY2018 CY2019 CY2020

m ee . ©2017 Western Digital Corporation or its affiliates. All rights reserved.
a Western Digital brand

Cv2021 CY2022

K 2020 roay

70%

OAaHHbIX byayT
no-npexHemy Ha HDD

10/23/2017
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HenpepbiBHbIN POCT AaHHbIX U ponb HDD

Total Data Center EB

K 2020 roay

90%

nAaHHbIX B UO/1
byayT xpaHutbca Ha HDD

B Fast Data

"™ Big Data

0
CvY2016 CY2017 CY2018 CY2019 CY2020 CY2021 CY2022

T
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Tpunemma marHMTHOM 3anNUcKU

T
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BapuaHTbl pewieHunA

* JBOJILOLLIMOHHbIE
— v/ bonblue NAacTUH Ha AMCK
— v Tenui

— % HosbI dopm-pakTop (3.5” x 2”)

— v/ [1ByxmepHaa marHuMTHaA 3anuco (TDMR)

— v YepenwuuHasa 3anucb (SMR)

T
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From Computer Deshtop Encyclopedia
Reproduced with permission.
@ 1997 Singapore Technolagies

o, \

* PeBO/IIOLLIMOHHbIE
V' TepmomarHutHas 3anucs (HAMR)

< 3anucb ¢ MuMKposoaHosoM noanepko (MAMR)

butoBasa nutorpadua (BPMR)

3anucb Ha “noporpetble Toukn” (Heated-Dot

Magnetic Recording)

BPM

————

_ HAMR | MAMR | TOMR
will never ship 47% 14% | 73% | 15%
(2013 value) 40% 29% 28% | 23%
Mean intro year 2021.8 2018.4 2018.8 | 20168
(2013 value) 2019.9 2017.9 2017.1 | 2017.1

10/23/2017
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HelioSeal® HDDs: 4 ropa cnycTa

* OTrpy»XeHo >20 M/H reaneBbiX AUCKOB

. — 1-0e nokoneHue He® no3Boanno oTrpy3nTb 6ONbLLOE KOIMYECTBO
Flutter ANCKOB 3aKa34yMKam

_ 9. 8
S 2-0e nokoneHue He® noareepaAnno NPUHATME PbIHKOM

Disk Rotation '
Platters Helium — CnepytoLme NOKoeHNA co34atoT 6ONbLUYIO eMKOCTb U

npon3BoanTe/IbHOCTb

* [IpUHATNE PbIHKOM

— YcTaHOBANEHDbI B KPYMHENLIME AaTa LLEHTPbI MUpa

— MoarteepkaeHHoe npesocxoacteso TCO

— MoaTBepKAeHHbIM NOKa3aTeNb HapaboTKM Ha OTKa3 B 2.5M
Helium - 7 Disk 4acos™**

= Ha 4°C meHbLUe Temnepartypa |
= Ha 23% meHbLue noTpebneHve i CI'IpOC Ha BbICOKME EMKOCTUN NPOAO/1IKAET PACTU

**2.5M hours to be demonstrated through ALORT after LVM

T
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HAMR — TepMmOMarHMTHaAa 3anmcb

Writer

400° to 700°C

T
m ee . ©2017 Western Digital Corporation or its affiliates. All rights reserved.
a Western Digital brand

coercivity

store

heating
cooﬁrh\‘

head field

ambient temperature
temperature

* Pasorpes 40 TOYKU Kiopu
— (450-550C ans FePt)

* 3anNUCb BO BpemMs OxJaXKAeHUA

10/23/2017 21



HAMR 3anucbiBaloLwian ronoBKa
Courtesy of CMU

* Jlazep =2 BonHoBoa = MNna3moHHasn
aHTeHHa (NFT) =2 ®okycuposKa =2
N3meHeHMe noTeHunana Ha Aucke =2

NFT
— PasorpeB TOYKM 3anucu AT -'

LD » PoKycnpoBKa A0 <50HM HEBO3MOXKHA + Electric Fleid
NpY NOMOLWM TPAANLMOHHbIX
cnocobos

Load Beam

Flexure

Current

30/10TO: XOpOLIan 3N1eKTPONPOBOAHOCTb

0.2 mwW H..
Heat  Ha ONTUYeCKMx YactoTtax (Tlu), S
15 mwW 5mw
ST scatertomw | Me% s Scatter XMMUNYECKas N Tepmmnyeckas
o : Spot Size | wmed | Near-Fieid
Laser Diode [ | mmp ool (W CTabMNbHOCTD.

800-900HM gnvnHa BONHbI /1a3epa

http://ndl.ee.ucr.edu/JINO-Memory-08.pdf
Hl{o1S]T o
& Weote ©2017 Western Digital Corporation or its affiliates. All rights reserved. 10/23/2017 22
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MAMR - 3anncb ¢ MUKPOBONTHOBOU NOAAEPHKKOU

Spin Torque
Oscillator (STO)

MAMR

TECHNOLOGY

Same temp as PMR Media

innovation.wdc.com




Haw sbibop - MAMR

T Microwave
. Assisted

MAMR HAMR
Complexity Leverages current technology New materials and supply chain changes
Reliability No heat, similar to PMR Heat dramatically degrades reliability
Ecosystem Ready Plug and Play Host SW changes to manage wear leveling
Manufacturability Production in 2019 Unknown - cost & reliability challenges
Cost Approaches PMR Significantly higher than PMR

m ee . ©2017 Western Digital Corporation or its a
a Western Digital brand
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Y HDD nosasnsaerca poagman Ha aecatunetme!

MAMR
15% CAGR

PMR
8-disk m_é

1278

-

HDD Capacity

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027
Eegwg ©2017 Western Digital Corporation or its affiliates. All rights reserved. 10/23/2017 25
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a Western Digital brand

Cnacubo!
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Backup slides
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