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Yt10 Takoe Micron ana Bac?

75% cTonmocTu cepBepa

Our memory & storage solutions make your workloads

faster

greener ...just better

DRAM Manufacturers Both DRAM The only
NAND Flash & NAND firm with the next
Manufacturers for the Enterprise generation memory

solution (3DXPoint)



$12.4

BILLION

FY16 net sales
[MonynpoBogHnKoBas <
KOMMNaHWUsA B MUpe OMTPIaHWA 1O B cnucke Fortune
NPON3BOACTBY 500's no obopoty
namaTy




38 Years strong In

18 Countries with 13

Manufacturing and R&D sites

30,000 + Team Members




Global Manufacturing Scale

Lehi, Utah USA Manassas, VA USA

T i

Singapore Taiwan (Inotera)

T

Taiwan Xian, China Hiroshima, Japan

00 'Y 0 Akita, Japan



Sources!

TpeHAabl, OKa3biBalowWMe BaAnaHue Ha pbiIHOK DRAM

Pocm
KOHMeHma

Mwurpauusa B
cepBepax Ha Server
32GB n 64GB moaynun

iPhone nepewen
2GB/3GB

Android Flagship
nepewen4GB to
6/8GB

[lone3080Me1am

mpebyemcs 6osibuie
DRAM

: Micron, Industry analysts, DRAMeXchange

|  ©2014 Micron Technology, Inc.

Pacmyuwuu
cnpoc

Cloud: 48%
Enterprise: 34%
Networking: 26%
Mobile 22%
Graphics: 19%
Client: 9%

2017 obwuu pocm
22%

OepaHu4yeHHoe
npou3sodcmeo

Limited wafer
growth

Transition to 8Gb
mono die largely
complete

Fewer LP and
DDR4 bits per
wafer relative to

"% 2017 Overall
Bit Growth at 19%

e Micron



NcTopuuecknn cnncok DRAM npounssogutenemn

AMD
AMI
AT&T
Elpida
Eurotechni
Fairchild
Fujitsu
Hynix
Hitachi
IBM
Infineon
Intel
Intersil

Source: de Dios and Associates

7

|  ©2014 Micron Technology, Inc.

Micron Confidential

Inmos

ITT

LG
Matsushita
Micron
Mitsubishi
Mosel Vitelic
Mostek
Motorola
Nanya

National
NEC
NMB/PNX

e Micron

Oki
PowerChip
ProMos
Samsung
Sanyo
SGS
Sharp
Signetics
TSMC

TI
Toshiba
Vanguard

Winbond
Zilog



DRAM npowussoautenn 2017

Samsung
SK Hynix
Micron
Nanya
Winbond

Source: Micron Research



Memory Industry: FY 2008 vs Today

Samsung?® 31%

Hynix

Micron? 2%ory Revenue (% of Group Total)'
SanDisk
Elpida
Toshiba?
Qimonda
Spansion
Nanya

Macronix

Winbond

0% 10% 20% 30% 40%

Top Five Market Share: 75%

Source: Micron

Micron data is from FY 2008; Competitor data is from CQ4-07 — CQ3-08.

1 Group total defined as only those companies listed on this page, although others may also exist.
Micron data is fiscal, competitor data is calendar. Percentages vary due to rounding.

2. Micron Includes NAND sold to Intel from IM Flash.

3. Samsung and Toshiba include total memory revenue as reported.

|  ©2014 Micron Technology, Inc. | Micron Confidential

DRAM

+ NAND

+ NOR
Developers

DRAM
+ NAND
Developers

Single
Memory
Developers

LTM Memory Revenue (% of Group Total)'
Samsung?® 38%
SK Hynix

Micron?
Toshiba3®
SanDisk
Nanya

Winbond

Macronix

0% 10% 20% 30% 40%

Top Five Market Share: 96%
Source: Micron

Micron data is FQ1-15 — FQ4-15; Competitor data from CQ4-14 — CQ3-15.

1. Group total defined as only those companies listed on this page, although others may also exist.
2. Micron Includes NAND sold to Intel from IM Flash

3. Samsung and Toshiba include total memory revenue as reported.




MICRON | npoayKkToBas MHeMNKa

DRAM Families

SDRAM

DDR

DDR2

DDR3

DDR4

RLDRAM®
Mobile LPDRAM
PSRAM/
CellularRAM

DRAM Modules

FBDIMM
RDIMM
VLP RDIMM
VLP UDIMM
UDIMM
SODIMM
SORDIMM
Mini-DIMM
VLP Mini-DIMM
LRDIMM
NVDIMM

Bare Die
Multipl
Technolog

NAND Flash

TLC, MLC, SLC
Serial NAND
Enterprise NAND

Solid State Drives

Client SSD
Enterprise SATA
Enterprise SAS
Enterprise PCle

Managed NAND

MCP

eMMC™
ClearNAND Flash
Embedded USB

NOR Flash

Parallel NOR
Serial NOR




[Mpoaykuma Micron npumeHAeTCA B CaMbIX Pa3HbIX
oTpacnAax

You may
not know
it, but
MICRON
MEMORY
is in the
things
you use
every day.

AR




AMcron

crucial VBALlISTIXE

by t‘fo!-’u:ron' by Mcron'

Ly O 8 QOO =

DESKTOP/LAPTOP DRAM GAMING DRAM CLIENT SSD
SERVER DRAM CLOUD SSD
CLIENT SSD ENTERPRISE SSD
O O

12 |  ©2014 Micron Technology, Inc. | Micron Confidential
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Target Customer

Type of
Technology

Type of
Modules
Available

Speed &
Capacity **

Compatibility

DRAM | 0630p npoayKTOBbIX JIMHEEK

Desktop & Laptop

basoBble mogenun ana
noTpebuTeNbCKOro pbiHKa U
KOPMopaTMBHbIX KIMEHTOB

DDR, DDR2, DDR3, DDR4

UDIMMs, SODIMMs, RDIMMs,
ECC UDIMMs, DDR2 FBDIMMs,
DDR3 LRDIMMs

667MT/s - 2400MT/s
1GB — 16GB modules

OEM-compatible

©2014 Micron Technology, Inc.

Workstation / Server

Manbin n cpegHuin BUsHec,
[aTa ueHTpbl 1
KopnopaTuBHbIE KAUEHTHI

DDR2, DDR3,DDR4

RDIMMs, LRDIMMs,
FBDIMMs, VLP RDIMMs, ECC
SODIMMs, ECC UDIMMs

1066MT/s - 2666MT/s
2GB-64GB modules

OEM-compatible

Memory for Mac

Mac nonb3oBsartenu

DDR2, DDR3

SODIMMs;
RDIMMs and ECC
UDIMMs*

667MT/s — 1866MT/s
2GB - 16GB

Mac-compatible

M |Mac

Performance Memory

HTy3MacTbl U Fernmepbl

Performance DDR3, DDR4

UDIMMs, low profile and
very low profile UDIMMs,
SODIMMs

1600MT/s — 3200MT/s
2GB — 16GB modules

PC -compatible




Micron | BepTUKa/IbHO MHTErPUPOBAHHbIN
NPOU3BOAUTE/b

Choice materials Silicon wafer Wafer to die Die to DRAM

and NAND to

Crucial products for ure,

IT Channel partners ility,
[r— ction

V4

Micron products for

: . Sent to local Micron memory Modules to
OEM and industrial warehouses and SSDs manufacturing

customers
14 |  ©2014 Micron Technology, Inc. | Micron Confidential



DDR4 Server Module
Roadmaps

|  ©2014 Micron Technology, Inc. | Micron Confidential
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DRAM Process Node (nm)

Qual Transition
and MP complete

[=]
Engineering
Samples

DDR4 RDIMM 64GB-256GB (Server)

Server DDR4 - RDIMM (64GB-256GB)
CY2018

10 2 3 40

256GB

128GB

64GB

2 3} 4

CY2018

|  ©2014 Micron Technology, Inc.

1Q

8Gb (Z118B, Rev E) 2Rx4(BT) 3DS TSV 2H 1.2V (4

1Q

CY2019
20 3 4

. 16Gb (Z22A, Rev B
ES

8Gh (Z11B, Rev E) 2Rx4 (BF) 3DS TSV 4H 1.2V (8 logical ranks)

8Gb (201C, Rev G)

16Gb (Z22A, Rev B) 2Rx4 1.2V (2 logical ranks)

8Gb (201C, Rev C)

logical ranks)
2Rx4 (BT) 3DS TSV 2H 1.2V (4 logical ranks)

Created: 3/2/2018

0 20 3 4

16Gb (Z22A, Rev B) 2Rx4 3DS TSV 4H 1.2V (8 logical ranks;
Fle <

2Rx4 3DS TSV 2H 1.2V (4 logical ranks,

Rx4 (BF) 3DS TSV 4H 1.2V (8 logical ranks)

20 3 4
CY2019

Micron Confidential

0 2 3 4
€Y2020

Micron Confidential

Key Points

Voltage / Speed

e 1.2V 2400MT/s (Mainstream for
2016)

* 1.2V 2666MT/s (Mainstream for
2H17)

e 1.2V 2933MT/s (Mainstream for
1H19)

e 1.2V 3200MT/s (Mainstream for
1H20)

Roadmap Direction

* 8Gb based for 2666MT/s, 16Gb
based for 2933-3200MT/s

* 3DS RDIMM acceptance
dependent on 2DPC speed
capability

e 256GB RDIMM introduction with
16Gb 4H/3DS availability

Transitions

e 64GB transitions from 2H/3DS to
SDPin 2019

e 64GB/128GB transition to 1xnm in
2018

DDR4-3200

e Available with 16Gb based
solutions
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DRAM Process Node (nm)

Ell=] EH

Qual Transition
and MP complete

[=]
Engineering
Samples

DDR4 RDIMM 16GB-32GB (Server)

Server DDR4 - RDIMM (16GB-32GB)

32GB

16GB

| ©2014 Mi

1Q 2Q 3Q 4Q 1Q 2Q 3Q 4Q 1Q 2Q 3Q 4Q

Created: 3/2/2018

CY2018 CY2019

8Gb (Z21C, Rev)) 2Rx4(B) 1.2V (2 logical ranks)
8Ghb (Z11B,Rev E) 2Rx4(B) 1.2V (2 logical ranks)

8Gb (Z01B,Rev D) 2Rx4(B) 1.2V (2 logical ranks)

Z01A,Rev B) 2Rx4(B) 1.2V (2 logicaf ranks)

8Gb (Z21C, Rev)) 1Rx4 (C) 1.2V (1 logical ranks)
8Gb (Z11B,Rev E) 1Rx4 (C) 1.2V (1 logical ranks)

8Gb (Z01B,Rev D) 1Rx4 (C) 1.2V (1 logical ranks)

Z01A,Rev B) 1Rx4 (C) lj.ZV (1 logicgl ranks)

8Gb (Z21C, Rev ) 2Rx8 (E) 1.2V (2 logical ranks)
8Gb (Z11B,Rev E) 2Rx8 (E) 1.2V (2 logical ranks)

8Gb (Z01B,Rev D) 2RX8(E) 1.2V (2 logical ranks)

Z01A,Rev B) 2RX8(E) 1.2V (2 logical ranks)

4Gb (Z10B, Rev F) 2Rx4(B) 1.2V (2 logical ranks)

CY2018 CY2019 CY2020

Micron Confidential

cron Technology, Inc. | Micron Confidential

Key Points

Voltage / Speed

* 1.2V 2400MT/s (Mainstream for
2016)

e 1.2V 2666MT/s (Mainstream for
2H17)

e 1.2V 2933MT/s (Mainstream for
1H19)

* 1.2V 3200MT/s (Mainstream for
1H20)

Roadmap Direction

e 16GB volume on 8Gb; Limited
support on 4Gb

* 32GB is mainstream density
through CY2018

Transitions

* 16GB (4Gb) transitions 25nm to
1Xnm

* 16GB /32GB (8Gb) transitions
20nm to 1Xnm

CY2018 Mainstream RDIMMs
* 32GB-2666 2Rx4 (2933
introduction CQ4’18)

* 16GB-2666 2Rx8 (2933
introduction CQ4’18)



DRAM Process Node (nm)

Ell=] EH

Transition
complete

< >

Qual
and MP

[=]

Engineering
Samples

DDR4 RDIMM 4GB-8GB (Server)

Server DDR4 - RDIMM (4GB-8GB) Created: 3/2/2018

cv2018 cY2019 Key Points
@ 20 3 @ 4 3@ 4 1@ 22 3@ @ 4

Voltage / Speed

e 1.2V 2400MT/s (Mainstream for
8Gb (Z21C, Rev J) 1Rx8(D) 1.2V (1 logical rank) 2016)

8Gb (Z11B,Rev E) TRx8(D) 1.2V (1 logical rank) .
8Gh (Z01B,Rev D) 1RX8(D) 1.2V (1 logical rank) e 1.2V 2666MT/s (Mainstream for

8Gb (Z01A,Rev B) TRx8(D) 1.2V (1 logica 2H17)

e 1.2V 2933MT/s (Mainstream for
1H19)

* 1.2V 3200MT/s (Mainstream for

8GB 1H20)

Roadmap Direction

* 4GB 1Rx8 2666 extended life
(limited volume)

* 8GB now legacy density (low

_ 4Gb (Z10B, Rev F) 2Rx8(E) 1.2V (2 logical ranks) Volume)
Transitions
* 4GB / 8GB (4Gb) transitions 25nm
to 1Xnm
_ 4Gb (2108, Rev F) 1Rx8(D) 1.2V (1 logical rank) ° 8GB (SGb) transitions 20nm to
4GB 1Xnm

CY2018 Mainstream RDIMMs

@ 20 3@ 4 1@ 24 3} 4 1 22 30 4 * 8GB-2666 1Rx8 (2933 introduction
CY2018 CY2019 CY2020 CQ4’18)

Micron Confidential

DDR4-2933:
|  ©2014 Micron Technology, Inc. | Micron Confidential )
* Samples available now



DRAM Process Node (nm)

Qual Transition
and MP complete

[=]
Engineering
Samples

19

Server DDR4 - LRDIMM

256GB

128GB

64GB

DDR4 LRDIMM (Server)

Created: 3/2/2018

CY2018
| x

CY2019
| x

CY2020
@ 220 3 @ 4Q

2Rx4 3DS TSV 4H 1.2V (8 logical ranks,

1Q 2Q o] 1Q 2Q 4Q

16Gb (Z22A, Rev B

. 16Gb (Z22A, Rev B) 2Rx4 3DS TSV 2H 1.2V (4 logical ranks
ES

8Gb (Z118, Rev E) 2Rx4 (BF) 3DS TSV 4H 1.2V (8 logical ranks)
8Gb (Z01C,Rev () 2Rx4 (BF) 3DS TSV 4H 1.2V (8 logical ranks)

16Gb (Z22A, Rev B) 2Rx4 1.2V (2 logical ranks)

8Gb (Z01B, Rev D) 4Rx4(E) DDP 1.2V (4 logical ranks)
8Gb (Z01A,Rev B) 4Rx4(E) DI)P 1.2V (4 logical ranks)

8Gh (Z01B, Rev D) 2Rx4(B) 1.2V (2 logical ranks)

D  8Gb(z01ARevB) 2Rx4(B) 1.2V (2 logich! ranks)
8Gb (Z91B,Rev A) 2Rx4(B) 1.2V (2 logica| ranks)

0 20 3@ 4 1@ 224  3Q 4 1
CY2018 Y2019

2Q

K3
CY2020

Micron Confidential

g

|  ©2014 Micron Technology, Inc. | Micron Confidential

Key Points

Voltage / Speed

e 1.2V 2400MT/s (Mainstream for
2016)

* 1.2V 2666MT/s (Mainstream for
2H17)

e 1.2V 2933MT/s (Mainstream for
1H19)

e 1.2V 3200MT/s (Mainstream for
1H20)

Roadmap Direction
* 32GB LRDIMM low volume legacy
* 64GB use DDP stacks

e 128GB & 256GB use 3DS/TSV
stacks

e 256GB LRDIMM introduction with
16Gb 4H/3DS availability

Transitions

* 64GB transitions from DDP to SDP
in 2019

e 128GB transition from 8Gb to
16Gb in 2019

DDR4-2933
* Samples available CQ2'2018

* 64GB DDP & 128GB 4H/3DS based
LRDIMMs in 2H’17
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DDR4 ECC UDIMM (Server)

Server DDR4 ECC UDIMM

16CB
B
H
>
B
8GB

Qual Transition
and MP complete

[=]
Engineering
Samples

CY2018

1Q 2Q 3Q 4Q

8Gb (Z01B,Rev D) 2Rx8 (F) 1.2V (2 logical ranks)

0 2 3 4
Cv2018

©2014 Micron Technology, Inc. | Micron Confidential

Created: 3/2/2018

CY2019 €Y2020
0 20 3 4 0 20 30

8Gb (2118, Rev E) 2Rx8 (F) 1.2V (2 logical ranks)- VLP

8Gb (ZO1A,Rev B) 2Rx8 (F) 1.2V (2 logicgl ranks)

8Gb (ZO1A, Rev B) TRX8(E) 1.2V (1 logical rank)

0 22 3 4 a3
CY2019 €Y2020




21

DDR4 ECC SODIMM (Server)

Server DDR4 ECC SODIMM

CY2018

CY2019

Created: 3/2/2018
CY2020

1Q

16GB

DRAM Process Node (nm)

0 3 @ 4Q 1Q

8Gb (ZO1A,Rev B) 2Rx8 (F) 1.2V (2 logical ranks)

0 3 4

8Gb (Z11B, Rev E) 2Rx8 (G1) 1.2V (2 logical ranks)

@ 20 3 4

58 8Gb (Z11B, Rev E) 1Rx8 (D1) 1.2V (1 logical ranks)

=2 8GB

8§

'_U

o

TgE

=2

= ]

To

pe : 1 1 1 1 1
%E 1Q 2Q 30 ¢ 4Q 1Q 20 ¢ 3Q ¢ 4q Q ¢ 20 : 30  4Q

8 Cv2018 CY2019 CY2020

©2014 Micron Technology, Inc.

Micron Confidential

Micron Confidential




Persistent Memory

Micron
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NVDIMM-N

Direct system access to
DRAM but not flash

Block or direct map driver
Latency: DRAM (10s ns)
Density: DRAM (10s GBs)
Energy source for backup

JEDEC defined

AMicron

Available Now!!

Persistent Memory Overview

NVDIMM-P

* Direct system access to
DRAM and flash

* Block or direct map driver
* Latency: NVM (100s ns)

* Density: NVM (100s GBs)
* Energy source for backup

No JEDEC definition

|  ©2014 Micron Technology, Inc. | Micron Confidential

NVDIMM-F 3D Xpoint

Direct system access to * Direct system access to
flash on memory bus DRAM and SCM
Block access only * Direct map

Latency: NAND (10s us) Latency: NVM (100s ns)
Density: NAND (100s GBs) * Density: NVM (100s GBs)
No JEDEC definition

No energy source required

JEDEC defined

e Micron



EE = - |

DRAM Process Node (nm)

[=]

Engineering

Transition

< =

complete

Qual
and MP

Samples

DDR4 NVDIMM roadmap

32GB

16GB

NVDIMM Roadmap

Created: 3/2/2018

Z22A (SDP) SRx4 3200 JEDEC FW

Z01B (DDP) 2666/2933 JEDEC FW

E} 221C (SDP) SRx4 3200 JEDEC FW

Z11B (SDP) SRx4 2933 JEDEC FW

Z01B (SDP) SRx4 2666 JEDEC FW

Micron Confidential

Initial DDR4 NVDIMM

Products:

8GB DDR4 NVDIMM w/ Legacy Firmware

RDIMM architecture

1Rx4 RDIMM (4Gb SDP)-2133MT/s
Back-up Power Source: 2.5“ Drive Bay
PowerGEM or persistent 12V routed
to Module

Production — Now

EOL by end of 2018, transition to
16GB NVDIMM

8GB DDR4 NVDIMM w/ JEDEC Firmware

Same Hardware as above — JEDEC
firmware

1Rx4 (4Gb SDP) —
2133(2DPC)/2400(1DPC)MT/s
Production — Now

EOL by end of 2018, transition to
16GB NVDIMM

16GB DDR4 NVDIMM w/ JEDEC Firmware

Conforms to JEDEC BAEBI 2.1 spec

DRAM Port Switch eliminates Data
MUXs

1Rx4 (8Gb SDP) RDIMM — 2666MT/s
Current version - FW 2.4

Production — Now

32GB DDR4 NVDIMM w/ JEDEC Firmware

Conforms to JEDEC BAEBI 2.1 spec

DRAM Port Switch eliminates Data
MUXs



Yctonumeaa namaTtb - NVDIMM

NVDIMM — KoMbuHaLmsa 3HEPro3aBUCMMON U
SHEeproHe3aBMCMMOMN NaMsTy
TODAY

Micron’s NVDIMM — Bo3MOHOCTU 6bicTpoaencTeus DRAM co
CTabunnbHOCTbIO N HaaexHoCcTbio NAND:

KombuHauunst NAND Flash, DRAM, n
HEe3aBMCMMOIro UCTOYHMKA SHEpPrn B
noacuctemMe nNamsTu

DRAM CKOpPOCTU YTEHUSA N 3anncu

Backs up DRAM pfaHHbIX B Cyyae rnotepu
NCTOYHNKA MUTAHUS

16GB 1 32 GB B Hannuuu

25 |  ©2014 Micron Technology, Inc. | Micron Confidential

Ultracapacitor
Module
Self-contained
energy source for
backup operation
during power failure

NVDIMM
Controller

Flash management,
high-speed DMA,
Status gnboard DRAM & NAND

DRAM performance and

Flash non-volatility

e Micron




NVDIMM Ecosystem

MRC/BIOS
= DDR4 NVDIMM MRC code FW interface support via SOW with Intel
NVDIMM Motherboard support
= Supermicro supporting NVDIMM on X10DRH and X10DRi motherboards
P i el e i vl
Motherboard | revision | Number Date number Date NEH
Yes

X10DRi(-T 1.0c 17391 6-Jan 1.02b 17391 6-Jan

1.0c 17492 13-Feb 1.01 14427 21-Jan Yes
1.0c 17642 14-Apr 1.10 17442 28-Jan Yes
1.0a 17434 14-Jan 1.02 17712 13-May Yes
1.0b 17590 27-Mar 1.01 17513 26-Feb Yes
1.0c 17604 31-Mar 1.02b 17603 31-Mar Yes
1.0b 17395 8-lan 1.10 17396 8-Jan Yes

Final Release
X10DRS-2U 1.00 N/A N/A 1.00 N/A N/A Pending

= Intel PCSD is supporting several DDR4 systems (i.e. WildCat Pass, Tayor Pass, Kennedy Pass, etc.)

= Currently working with Intel on validation

Drivers*

= Linux driver for application access to reserved NVDIMM memory space (DDR4 driver in development)

= Open source persistent RAM driver (pmem.io - PRD) for use with ext4-DAX persistent memory file system
JEDEC/SNIA standardization for DDR4

= FW interface (command set) and feature set requirements and definitions

= +12V/return module pins (persistent or supercap charging)

= Save_n (other pin functions in discussion)

Other Collateral*

= Linux driver guide, HW/FW integration guide, module data sheet, firmware spec.

= NVDIMM system setup documentation for Linux persistent memory benchmark
= Micron NVDIMM website and PR (Nov 10)
= SC15 (Nov16), HP Discover (London — Dec1)

*Linux driver and most documentation is by Agigatech which requires AgigaTech NDA

=]

|  ©2014 Micron Technology, Inc. | Micron Confidential
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Primary side

NVDIMM

Secondary side

|  ©2014 Micron Technology, Inc.

NVDIMM aHaTtOMmmA

PowerGem
(Supercap
Module)

SRR R Re R R AR

' wornm [
Controller NAND

| Micron Confidential




Kak paborTaer:

e Supercap Module 3apsa)xaetca npy HaAMYUU NUTAHUA
* NVDIMM rotos K BACKUP gaHHbIX B c/iy4yae notepu NUTaAHUA

|  ©2014 Micron Technology, Inc. | Micron Confidential




Kak paborTaer:

* B cnyuyae notepu nutaHua cogepkmmoe DRAM nepemeuwtaetrca 8 NAND
flash ucnonbaya 3apag Supercap Module

Supercaps

29 |  ©2014 Micron Technology, Inc. | Micron Confidential ﬂlcron :



Kak paborTaer:

* Korpa konuposaHue 3aBepwieHo, NVDIMM oTtKkntouaeTtca

* Moppep:xaHne coxpaHHocTu gaHHbIX B NAND Flash cornacHo cneu,

|  ©2014 Micron Technology, Inc. | Micron Confidential




Kak paborTaer:

e [Ipu eKkntoyeHUuU numaHue, System BIOS pacnosHaem, ymo e NAND Flash u
NVDIMM-KoHmposnnepe ecmos paHee CO300HHAA pe3epeHas Konus.
BoccmaHasnusaem codepyrcumoe DRAM u3 NAND Flash.

* Supercaps nepesapaxaemcs

e |

Supercapis

31 |  ©2014 Micron Technology, Inc. | Micron Confidential



How It Works

 DRAM operation returned to host

« DRAM contents in restored state prior to power loss

* NVDIMM again appears as standard RDIMM to host

Supercaps

32 |  ©2014 Micron Technology, Inc. | Micron Confidential
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DDR3 Server Module
Roadmaps

|  ©2014 Micron Technology, Inc. | Micron Confidential



DRAM Process Node (nm)

[=]

Engineering

Qual Transition
and MP complete

Samples

DDR3 RDIMM (Server)

Server DDR3 RDIMM

8GB

4GB

CY2018

CY2019

4Gb (VOOH, Rev P) DRx4(E) 1.35V/1.5V

4Gb (VOOH, Rev P) SRx4(C) 1.35V/1.5V

4Gb (VOOH, Rev P) DRx8(B) 1.35V/1.5V

2Gb (VB9C, Rev K) DRx4(E) 1.35V/1.5V

2Gb (V89C, Rev K) DRx8(B) 1.35V/1.5V

2Gb (V89C, Rev K) SRx4(C) 1.35V/1.5V

38 4a

CY2018 CY2019

|  ©2014 Micron Technology, Inc. | Micron Confidential

1Q

2Q

Created: 3/2/2018

K3
CY2020

Micron Confidential

Voltage / Speed
e 1.35V; 1600MT/s mainstream
e 1.5V; 1866MT/s mainstream

Note: Additional speeds available if
needed.

Roadmap Direction
e 8GB continued consistent demand

* 16GB continues to be mainstream
density

CY2017 Preferred RDIMMs
* 16GB: 1.5V/1866 2Rx4
e 16GB: 1.35V/1600 2Rx4
* 8GB: 1.5V/1866 1Rx4
* 8GB: 1.35V/1600 2Rx8

Future Support:

e Continued 8GB and 16GB RDIMM
support on newer process nodes
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DDR3 ECC UDIMM (Server)

Server DDR3 ECC UDIMM
CY2018

CY2019

Created: 3/2/2018
CY2020

1Q§zq§3q§4q 1Q

4GB

DRAM Process Node (nm)

2GB 2Gb (V89C, Rev K) SRx8 (D) 1.35V/1

Qual Transition
and MP complete

@ 2 3} 4 1

[=]
Engineering
Samples

CY2018

©2014 Micron Technology, Inc. | Micron Confidential

2Gb (V89C, Rev K) DRx8 (E) 1.35V/1.5V
5V

2Q

8GB 4Gb (VOOH, Rev P) DRx8 (E) 1.35V/1.5V
R .

3¢ 4Q 0 20 30 40

4Gb (VOOH, Rev P) SRx8 (D) 1.35V/1.5V

2 3} 4 W@ 220 3 4

CY2019

CY2020

Micron Confidential




DDR3 ECC SODIMM (Server)

Server DDR3 ECC SODIMM

CY2018

1Q 2Q 3Q 4Q

16GB

8CB

DRAM Process Node (nm)

4GB 2Gb (V89C, Rev K) DRx8 (D) 1.35V/1.

Qual Transition
and MP complete

4Gb (VOOH, Rev P) DRx8 (D) 1.35V/1.5V

CY2019

1Q 2Q 3Q 4Q 1Q

8Gb (VI1A, Rev A) DRx8 (D) 1.35V/1.5V

[=]

Engineering
Samples

1Q

2Q 3Q

Cv2018
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MicronSSD Storage Roadmap

In Production 2018 - 1H 2018 - 2H 2019 -1H ’ 2019 - 2H 2020 - 1H

Gen 3 x4
TLC 16TB-11TB
25W) 310 <1 (U.2
( ) ( ) Gen3xd m Gendxd
TLC 400GB —7.68TB TLC,QLC1TB-64TB
(12W)3,1,<1 (U2, M.2) (12W)3,1,<1 (Ux, M.2)
Gen3 x4
QLC7.68TB-16TB
NVMe (12W) <<1 (U2, M.2)
Client - Gen3x4 Client - Gen3x4
TLC 256GB - 2TB TLC 256GB - 2TB
(8W)<<1 (M.2) (BW) <<1 (M.2)
Client - Gen4x4
QLC 12GB-4TB
(8W)<<1 (M2)
. 6.0Gb/s
TLC 240GB - 7.68TB TLC 480GB -7.68TB

TLC 480GB 8T8
(6W)5t0 <1 (25", M.2) (BW)5to<1 (25" (BW)3,1(25"M2)

6.0GDb/s
SATA QLC 1.92TB-7.68TB

(6W)<<1 (2.57)
Client Client

TLC 256GB -2TB Interface Details
(BW)<<1 (2.5", M.2) Media Type, Capacities

(MAX power) Endurance in DWPD, (added FF)

In Production  In Development | Future Planned " Under Investigation
March 5, 2018 @ﬂlcron'

TLC 256GB - 278
(BW)<<1 (25", M.2)

4 Micron Confidential
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Micron Client OEM SSD Roadmap Changes

* 1100
- Added LTB/LTS timing

» 1300
- No Changes

» 2200
- Reset the QS Date from April 6" to August 8™ Added LTB/LTS timing

= 2300
- Moved the QS date from Jan'19 - Mar'19, Added LTB/LTS timing

| Micron Confidential March 5, 2018

March 2018



March 2018

Micron Client OEM SSD Roadmap

2300 2566GB-2T8 IDTLC
M.2 (2280) PCle Gen3x4 NVMe

Next Gen 512GB-4TB DQAC
M.2 (2280) P(le Gendxd NVMe

256GE-2T8
M.2 (2280) PCle Gen3x4 NVMe

256GB-2TB
2.5", M.2 (2280) 6Gb/s SATA

256GB-2TB DT

2.5",M.2 (2280) 6Gb/s SATA + FIPS & TAA \ 288

Engineering Samples and Last Time Buy/Ship dates are for planning purposes only.
Left edge of box indicates development/planning production target.
For Micron NDA Customers only.

Production Development Planning

A v v
Engineering LastTime Buy LastTime Ship
Samples (estimate) (estimate)

7 | Wicron Confidential March 5, 2018 Mcron'



Micron Client OEM SSD Product Milestone Matrix

March 2018

Product Capacity Form Factor  Sample/Production LTB LTS Comments
1100 256GB, 512GB, 1TB, 2TB 25", M.2 (2280) Released Q4'18 Qr19

1100 FIPS 256GB, 512GB 25", M.2 (2280) Released Q4'18 Qr1o
2200 256GB, 512GB, 178, 2TB 25", M.2 (2280) Q318 TED TBD
1300 256GB, 512GB, 1B, 2T8 25", M.2 (2280) Q4'18 TED TBD

+ Official End Of Life dates (including LTB and LTS) are listed in Micron PCNSs. Please contact your local Micron sales representative for official details.

* Micron SSD product - Production and Development

| Micron Confidential March 5, 2018



March 2018

Micron Industrial SSD Product Milestone Matrix

Product Capacity Form Factor Sample/Production LTB LTS Comments

MS500IT 60GB, 120GB, 240GB 25" Released Qs CQ4'18

M500IT 60GE,120GE, 240GE mSATA Released Q18 Q418

MS00IT 64GB, 128GB, 256GB 25" Released Q1 Q421 64GB - LTB 6/30/19; LTS 12/30/19

MS00IT 64GB, 12868, 256GB mSATA Released cqaal Qa1 64GB - LTB 6/30/19; LTS 12/30/19

M500IT 32GB, 64GE, 128GE (5LC) 25 Released Qa1 a2l 32GB - LTB 6/30/19; LT5 12/30/19

M500IT 32GB, 64GE, 12868 (5LC) mSATA Released Q21 Q421 32GB - LTB 6/30/19; LTS 12/30/19
210041 and 2100AT 64GB, 128GE, 256GE, 512GE, 1024GE ussD (BGA) Q119 Q223 Q423

210041 128GE, 256GB M2 Q1119 Q223 Q423

* Official End Of Life dates (including LTB and LTS) are listed in Micron PCNs. Please contact your local Micron sales representative for official details.
* Micron SSD product - Production and Development

12 | WMicron Confidential March 5, 2018 ff&lcr{)n'



©2018 Micron Technology, Igc. All rights reserved. Information; products, andlor specifications are subjed
to change without notice. All information is provided on an “AS IS basis withoutwarranties ofany kind.
Statements regarding products, including regarding their features, availability, functionality, or

compatibility, are provided for informational purposes only and do not modify the warranty, if any,
applicable to any product. Drawings may not be to scale. Micron, the Micron logo, and all other Micron

trademarks are the property of Micron Technology, Inc. All other trademarks are the propérly of their
respective owners.

|
[



March 2013

Micron Enterprise SSD Roadmap Changes

9200

- Added LTBI/LTS timing

* 7300 MAX, PRO,ECO
- Added LTBILTS timing

» 7310 1ON
- Added ION Designator

* 5200 PRO, ECO
- Added LTB/LTS timing

* 5200 MAX
- Added to the Roadmap

* 5210 ION
- Added ION Designator, Added LTB/LTS timing

14 | Wicron Confidential March 5, 2018 Mcron'



March 2018

Micron Enterprise SSD Portfolio

2018
e @ @ e | o
Performance 9200 maX, PRO, ECO 16TB-11TB(3,1,<1 DWPD);
NVMe U.2; Gen3x4

Next Gen omcac
17B-647B

7300 MAX, PRO, ECO 400GB-7.68TB (3,1, <1 DWPD); 3DTLC
U.2, M.2: Gen3 1x4

Mainstream
NVMe

731010N 7.68TB-16TB (<<1 DWPD): it

U.2, M.2; Gen3 1x4

Next Gen 480G8-8TB (3,1 DWPD;)
25", M.2: 6Gb/s

5200 PRrO, ECO 4B0GB-7.68TB (<2, <1 DWPD);
2.5",6Gb/s WLTS

480GB-1.92T8 (5 DWPD);
2.5" 6Gh/s s

L8

1.92TB-7.68TB (<<1 DWPD);
2.5" 6Gb/s LTS

9100 mAX, 480GB-7.6818 0 'C
PRO,ECO ' (") 1 pweoy 2.5°66tys

5100 MAX, PRO, ECO 240GB (5,1 DWPD) 2.5" 6Gb/s

240GB - 1.92TB(1, <1 DWPD), M.2 6Gb/s A JAH

Engineering Samples and Last Time Buy/Ship dates are for planning purposes only. DWPD = Dnve Writes Per Day. Production  Development Planning
Left edge of box indicates development/planning production target. For Micron NDA Customers only.
4 A 4 v
WMicron Confidential Engineering  LastTimeBuy LastTime Ship M ‘
15 March 5, 2018 Samples (estimate)  (estimate) viicron
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Micron Enterprise SSD Product Milestone Matrix

March 2013

Product Capacity Form Factor Sample/Production *LTB *LTS  Comments
9200 ECO 878, 1178 U2 Released Q4'19 Q120
9200 PRO 19278, 3.84TB, 768TR U2 Released Q4'19 Q120
9200 MAX 1678, 3.28, 6.4T8 U2 Released Q4'19 Q1'20
5100 ECO 480GB, 960GB, 1.92T8, 3.84T8, 7.68TB Ly Released Q218 Q4'18
5100 PRO 480GB, 960GB, 19278 25" Released Q218 Q4'18
5100 PRO 240G, 3.84T8 25" Released Q219 Q4'19
5100 MAX 480G, 960GB, 19278 25 Released Q218 Q4'18
5100 MAX 2406R 25" Released Q219 Q4'19
5100 ECO 480GB, 960GB, 1.92T8 M2 Released Q219 Q4'19
5100 PRO 2406, 480GB, 960GE, 19278 M2 Released Q219 Q419
5200 ECO 480GB, 960GB, 1.92T8, 3.84T8, 7.68TB 25" Released Q319 Q120
5200 MAX 480GE, 960GB, 19278 25 Q218 Q319 Q120
5210 10N 19278, 3.84TB, 768TR 25" Q218 Q4'19 Q220
7300 MAX 400GE, B00GE, 1.6TB, 3.2TE, 6ATE U2 Q219 TED TED
7300 PRO 480GB, 960GB, 1.92T8, 3.84T8, 7.68TB U2 Q119 TED TBD
7300 ECO 178, 2TB U2 Q119 TBD TBD
7300 MAX 400GE, 800GE, 1.6T8, 3.2T8 M2 Q219 TBD TBD
7300 PRO 480G, 960GE, 1.92T8, 2.84T8 M2 Q119 TBD TBD
7300 ECO 178, 2TB M2 Q119 TBD TBD

* Official End Of Life dates (including LTB and LTS) are listed in Micron PCNs. Please contact your local Micron sales representative for official details.

| Micron Confidential

March 5, 2018
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Micron Client Consumer SSD Roadmap

AXSOO 256GB-2TB ks

M.2 (2280) PCle Gen3x4 NVMe

MX300 IDTLC IDTIC
MX500 250GB, 500G, 178, 2TB i MX600 ~

2.5,M.2 (2280) 6Gb/s SATA

SATA

3DTLC IDTIC
BX300 120GB, 240GB, 4808 BX600 25068, 500GB i
2.56Ghb/s SATA 25" 6Gb/s SATA

ES dates; Left edge of box indicates Development/Planning Production target
Right side of box does not indicate EOL timing; Please consult your local Micron/CPG Sates Representative for official dates Décdaciion

5 Development Planning
For Micron NDA Customers only

18 | Micron Confidential March 5, 2018 Mcron'



Micron Client Consumer SSD Product Milestone Matrix

Product Capacity Form Factor Production
AX500 256GB - 2TRB M.2 (2280) Q318
MX500 250GB, 500GE, 178, 2TB M.2 (2280) Feb'18
MX500 - ggGBJ - 25" Released
MX300 750GB 25" Released
MX300 275GB, 525GB, 1050GE 25" Released
MX300 Z75GE M.2 (2280) Released
MX300 2050GB 2.5 Released
MX300 525GB, 1050GE M.2 (2280) Released
BX300 120GE, 240GB, 480GE 2.5 Released

* Official End Of Life dates (including LTB and LTS) are listed in Micron PCNs. Please contact your local Micron sales representative for official details.

19 | Micron Confidential
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