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JinaepcTtBo B R&D n npounssoacree NAND

e 6 World-Class Fabs

o 20 Years of driving NAND flash
growth and innovation

o Cutting Edge 3D NAND R&D

Operations
(Japan and U.S.)

Ofuna

Yokkaichi /

Fujisawa

Tokyo

Owning Flash Manufacturing ensures consistent supply and quality

With Joint Ventures Partner Kioxia Holding Corp. (formerly Toshiba Memory Corp.)

Western Digital.



OT "IM"OB no CMCTeM Western Digital. ©
BepTukanbHafa MHTerpaumsa Bo BceM noprdene npoaoykKkros

O
NAND Embedded Cards UuSB Portable
Components Flash Devices Storage
Memory Enterprise Client SSD Client HDD Network Attached Direct-Attached
Extension Drive SSD Storage & Personal Storage
Cloud

Enterprise

Storage Servers NVMe™-over-Fabric Storage



*1984/1994 IDE -=> ATA-1 «1978/1981 SCSI-1

(Master/Slave) * 1994 SCSI-2 (Fast)
- 1996 ATA-2 (WD EIDE + STX . _
FastATA, LBA, Block transfer) 2003 SCSI-3 (Ultra)
- 1997 ATA-3 (SMART) * 2005 SAS-1 (3 Gbps)
« 2009 SAS-2 (6 Gbps)

» 1998 ATAPI (SCSI over ATA - CD,

DVD, tape) « 2013 SAS-3 (12 Gbps)
« 2003 SATA (AHCI, NCQ) « 2017 SAS-4 (24 Gbps) ?
Hardware SATA SAS PCle
Software AHCI SCSI NVMe

Western Digital



« 2011 - lNogaBneHne Promoter Group,
NVMe v 1.0

2012 - NVMe 1.1
2014 - NVMe 1.2

« 2014 - O6pas3oBaHne KoMmnaHmm NVM
Express Organization

Western Digital

- CTaHgapTmM3saumsa perncTpos,
dbyHKUMOHaNa n Habopa KoOMaHA

* I3Ha4yanbHO co3aaH and NAND u
NVM cnepyrouwiero noKoneHund

- CNpoeKTMpoBaH A1 KOPNopaTUBHOIO
N KJINEHTCKOIro MCNoJSib30BaHMUS



- [nybokne oyepean n napannennim - PaboTa c nobbiM BMAOM NVM

BbINOJIHEHNA - 64K X 64K — CoBMecTuMocTb ¢ NAND n 6yayLmmu

o TUMNAaMN NMaMATU
- KoMnakTHbIK Habop KoMaHg - 13

obg3aTenbHbIX ° 3CpcpeKTMBHaFI pa60Ta Ha 4K
— ATA: 100+ |egacy Commands / SCSI: — Bce I'IapaMEprI KOMaHAbl B OAHOM 3al'lpoce
250+ 64B
- YHMUBEpCanbHbIl Apainsep > OnNunoHanbHbIV PyHKUMOHaN AN
KIIMEHTCKMX U KOPNOPaTUBHbIX
— CHmXeHune Harpyskun Ha CPU, ycTpaHeHue _
Y3KUX MECT * Multipath 1/0, Namespaces

Western Digital



NVMe ybupaert yskue Mmecta npm paborte ¢ SSD
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Performance
AIC/U.2

Enthusiast AIC
M.2 consumer

.. Mainstream enterprise U.2 / M.2 / EDSFF; BGA; Gaming; Memory extension; NVMEoOF/EBOF
Western Digital



Caching, OLTP, Primary DB, Big Data

SDS,
HCI/Virtualization,
laaS cloud,
Gaming/Hi-End PC

Mainstream enterprise, memory extension, phone/tablet, laptop,
. disaggregation, hyperscale, archive, boot, streaming
Western Digital
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OcHoOBHoOE

®opm-cakTop 2.5” / 7mMm U.2
2
DW/D 800GB 1.6TB 3.2TB 6.4TB
0.8 960GB | 1.92TB | 3.84TB | 7.68TB
DW/D ’ ’ ’

Western Digital.
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Bbicokas Nnpon3BoaUTENBbHOCTb
(Ha npumMepe 0.8DW/D)

472,000 random read max IOPS* (+35%)
65,000 random write max IOPS (+27%)
3,000 sequential read max MiB/s (+9%)
2,000 sequential write max MiB/s (+57%)

Pecypc
0.8 DWPD Ha 5 net c
BO3MOXHOCTbIO HAaCTPOUKM

v/

KopnopaTuBHas

HAAEeXHOCTb
UBER: 1 Ha 10?17
MTBF: 2.0 MniH. yacos

HoBbI yHKLMOHAN
NVMe Namespace Management (128)
Out of Band Management and NVMe

Management Interface 1.1



DC SN640 - Random Mixed Workload Optimized

Consistent QoS Read Latencies across all capacities



DC SN640 — Optimized for I/0 Consistency

Delivers consistent performance through entire life

Ultrastar DC SN640 1.92T Random Write Consistency

4KiB Blocks, QD64

o BV IOPS e Ayergge +10% e Averzge - 10%
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DC SN640 — Optimized for I/0 Consistency

Delivers consistent performance through entire life

Ultrastar DC SN640 1.92T Random Read Consistency

4KiB Blocks, QD64

o RE IOF: s Avergge +10% e fyvergge - 10%
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DC SN640 — HacTpaunBaeMbiun pecypc (DWPD)

cnonb3ylTCca KOMaHAbl nvme-cli



CoBMeCTUMOCTDb

https://www.windowsservercatalog.com/item.aspx?idltem=5c5

7fdf7-da43-3c81-90ec-dbb712097ec7&bCatiD=1282

Western Digital.

% Dack 1o >ealtn Resuns

Model Details

Model - WUS4CB032D7TP3E3
Device Type . NVMe DID : 2400
Brand Mame : Westem Digital Technologies, Inc. SVID - 1096
Number of Ports: 0 SSID: 0000
VID : 1098
Motes: Firmware versions listed are the minimum supported versions. Refer to http://kb vmware. com/kb/2030818 for additional information on other
supported driver and firmware combinations
Click here to be notified when this page is updated: 'ss feed
Click here to export this page: Exportio GSV
Model Release Details Expand All | Collapse All
VMware Product Name @ | ESXi70 ¥
Release Device Driver(s) Firmware Version Additional Firmware Version Type Features
= ESXiT.0 nvme_pcie version 1.2.2. 13-1vmw  R1110007 NIA VMware View
Inbox,
native
Feature Category Feafures
10 Device 512e
< Back to Search Resulis Print

https://www.vmware.com/resources/compatibility/detail.php?deviceCategory=io&produ

ctid=49594&deviceCategory=io&details=1&partner=517&releases=448&page=1&displa

v _interval=10&sortColumn=Partner&sortOrder=Asc

Broadcom HBA:

https://techdocs.broadcom.com/content/broadcom/techdocs/us/en/ca-enterprise-software/other/host-
bus-adapter-94xx-storage-adapter-drive-compatibility-report-selection-
guide/HBA_94xx_Release/v13202328/v26607071.html

Intel VROC/VMD: oxungaetcs nybnunkauyms


https://www.windowsservercatalog.com/item.aspx?idItem=5c57fdf7-da43-3c81-90ec-dbb712097ec7&bCatID=1282
https://www.windowsservercatalog.com/item.aspx?idItem=5c57fdf7-da43-3c81-90ec-dbb712097ec7&bCatID=1282
https://www.vmware.com/resources/compatibility/detail.php?deviceCategory=io&productid=49594&deviceCategory=io&details=1&partner=517&releases=448&page=1&display_interval=10&sortColumn=Partner&sortOrder=Asc
https://www.vmware.com/resources/compatibility/detail.php?deviceCategory=io&productid=49594&deviceCategory=io&details=1&partner=517&releases=448&page=1&display_interval=10&sortColumn=Partner&sortOrder=Asc
https://www.vmware.com/resources/compatibility/detail.php?deviceCategory=io&productid=49594&deviceCategory=io&details=1&partner=517&releases=448&page=1&display_interval=10&sortColumn=Partner&sortOrder=Asc

WD Gold NVMe SSD

OCcHOBHble 0CO6EeHHOCTH
CobcTBeHHbIN KOHTposiiep WD NVMe
PCle Gen 3.1, oaunH nopt x4
WD Gold 2.5” U.2 dpopM dpakTop, 7 MM TOJILLMHA

EmMkocTn 0.96T, 1.92T, 3.84T, and 7.68T
SSD

Pecypc 0.8 DWPD (HacTpanBaeMbin)

3awmnTta oT nepebosd nuTaHus
[[@apaHTM4a n MTBF Kak y Ultrastar

- 2M 4yacoB MTBF
- 5 NIeT OrpaHnYeHHaqa rapaHTus

Western Digital.



Ultrastar vam Gold
TOT e AUCK, pa3HbIN npouecc

bpeHa

EMmkocTtb (TB)

Pecypc (DWPD)

NMpouecc 3aka3a

N3meHeHna B FW / HW

O6bem 6usHeca

NapaHTUA n cepBUC

Western Digital.

Ultrastar

0.8, 0.96, 1.6, 1.92, 3.2,
3.84, 6.4, 7.68

0.8, 2.0

HGST

YBeaomneHume

[MpoekT

5 net / ancrtpu

WD Gold

0.96, 1.92, 3.84,
7.68

w

be3 yBeaomneHus

LLITYYHBIN




BoinonHanTe oo 5 pas
6onbwe paboThbl C
NVMe vs SATA

[oTOBa N1 Balla cucTema K 6yaylemy

Bawa cucrema Bawa cucrtema Oxunpaete
nogaep>xuesaet nogaep>xmBaet YBENYEHUA

NVMe? NVMe? Harpysku B
cnepyouem rogy?

[a? lNMepexogute c Ewe HeT? MoarotoBbTECH C NVMe BaM MOXeT
SATA Ha NVMe u K nepexoay — Bblbepute NoHaaobuUTLCS MeHbLLE
rnoJslyyanTe BbICOKYHO MoZeNnn CepBepoB C cuctem c 6onee BbICOKOM
NpoOn3BOANTENBHOCTb noaaepxxkon NVMe Ha NpOM3BOANTENBHOCTbIO
byayliee

3anaun gna NVMe SSD



NMouemy Western Digital?

Western Digital.



CuAa MHHOBALMMU

24,950 EULYS

15089 Lesisic/

14 285 E\ax"="
5'188 Western Digital.

JAY:3 )] FORD MOTORS..

4,353

4,000
345, -

FACTORY:.

5403

3'379 MEDTRONIC...

2608 -SAMSUNGm.
pgang— g Total Issued
1915 [ +ee- Patents, WW
682 [t scc.
414 I NETAPP.

207 I SEAGATE:.

13500+

Western Digi:al. https://spectrum.ieee.org/static/interactive-patent-power-2017
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