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Fverspin — The MRAM Company

« MRAM - Magnetic Random Access Memory
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MRAM and Everspin Milestones

Everspin ships

DARPA funds MRAM Evers'pln ' industry-first Spin Everspin demos
research at Motorola, Technologies spin- Torgque MRAM,
256Mb ST- MRAM
IBM, & Honeywell off from Freescale 64Mb DDR3 ;
with pMTJ .
Everspin demos
High-TMR MTJ Savtchenko Everspin Everspin partnership 1Gb DDR4 ST-
demonstrated Switching releases 16Mb with MRAM
(Motorola) MRAM product GLOBALFOUNDRIES with pMTJ

DI EDEDEDEDEDED,
Spin-Torque Freescale Everspin ships first  Everspin ships Everspin ships
Switching ships embedded MRAM 4M™ discrete 1Mb QuadSPI
predicted Industry first samples; MRAM and MRAM
theoretically commercially releases SPI 2Mth eMRAM Everspin ships ~ Everspin IPO
(IBM) available MRAM product 60M units MRAM+  NASDAQ: MRAM
MRAM (4Mb) family eMRAM
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A Sales Office
@ Austin Design Center

B Chandler Fab

A Everspin Headquarters
Chandler, Arizona, USA
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MRAM is Everywhere
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[oggle MRAM / Spin Torque MRAM

Toggle MRAM Spin-Torque MRAM

H-field

write current
| Free layer

Tunnel barrier

Fixed layer

]I_ ﬁt H-field jl.._
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Free layer
Tunnel barrier
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Product Line Toggle MRAM and ST-MRAM

Everspin Product Lines

Toggle MRAM = Spin Torque MRAM
% “Persistent SRAM” B “Persistent DRAM”
' | ' ' nvNITRO™
|
16Mb -
RAI . Automotive & transport Mainstream persistent memory
— data and event recording in storage, compute and consumer
4Mb
MRAM Power fail-safe journal
= : in RAID and server

Faster, more reliable enterprise
storage and networks

Fault-recoverable
industrial automation

Immediately reliable storage,
file and backup systems

Secure and reliable
Smart Grid
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The MRAM Market Opportunity is Significant

Spin Torque

¥ 128kb-16Mb

Toggle MRAM ==
1,800
m ST-MRAM
1,600 B Toggle
1,400 .
@ 1500 Persistent DRAM
é 1:000 applications
2 800
600
400 nvSRAM,
200 LP SRAM, BBSRAM,
NOR Flash

2016 2017 2018

* Everspin estimate.
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Why MRAM?
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What is Toggle MRAM technology?
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MRAM S 7 >Fw>F

PRODUCT TEMPERATURE RANGE PACKAGE TYPE SUPPLY
Part Number Density Configuration | COMM- | Indust- | Exten- | Auto- | ronp, | gea | soIC DFN Voo | Vopo 1.8v
ercial rial ded motive
PARALLEL I¥O
MR4A16B 16Mb 1M x 16 No Note 1 No No 3036V No
MR2A16A 4Mb 256K x 16 VTSOP No No 3036V No
MROA16A 1Mb 64K x 16 v v vTSOP v v No No 30386V No
MR4A08B 16Mb 2M x 8 v v No Note 1 v v No No 3036V No
MR2A08A 4Mb 512K x 8 v v v VTSOP v v No No 3036V No
MROAO08B 1Mb 128K x 8 v v No No v v No No 3036V No
MR256A08B 256Kb 32K x 8 v v No No v v No No 3036V No
MRODO08B 1Mb 128K x 8 v No No No v v No No 3036V v
MR256D08B 256Kb 32K x 8 v No No No v v No No 3036V v
MRODLO08B 1Mb 128K x 8 v No No No v v No No 2733V v
MR256DL08B 256Kb 32K x 8 v No No No v v No No 2733V v
SERIAL [¥O (SPI)
MR25H40 4Mb 512K x 8 No v No v No No No v 3036V No
MR20H40 4Mb 512Kx8,50MHz No v No v No No No v 3036V No
MR25H10 1Mb 128K x 8 No v No v No No No v 3036V No
MR25H256A 256Kb 32K x 8 No v No v No No No v 3036V No
MR25H128A 128Kb 16K x 8 No v No v No No No v 3036V No
MR10Q010 1Mb Quad SPI v v v Phnned No v v No 3036V v
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Only Everspin Combines Performance With Persistence

Memor\} * Memory is fast but volatile

* Storage is non-volatile but slower

1.0E+14

* Flash-class storage improves write
time but lacks true endurance

1.0E+12

1.0E+10

MRAM combines the
performance of memory with
the persistence of storage

Write Cycles

1.0E+08

Storage
1.0E+.06 ‘ReRAM :
PCM * DRAM-class write performance
CB-RAM * Extended durability eliminates
10,000 — .
4 w the need for wear leveling
100
1.0E-10 1.0E-09 1.0E-08 1.0E-07 1.0E-06 1.0E-05 1.0E-04 1.0E-03 1.0E-02

Write Time (seconds)
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EMBEDDED TECHNOLOGIES
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Spin Torque Update

Everspin ST-MRAM Memory

Long data retention, small cell size, greater density, high endurance and low power

. Writes to a memory array by manipulating . ]
electron spin with a polarizing current Free Lay;-rg-{'

Tunnel Barrier

- Performs like DRAM but requires no refresh Fixed Layer

Significant reduction in switching energy
compared to Toggle MRAM

Highly scalable, enabling higher density
memory products (sampling 1Gb now)

Can interface with JEDEC DDR3 and DDR4
with minor modification

Future high-speed serial interfaces planned
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Spin Torque MRAM Opportunity

ST-MRAM Opportunity

SSD — Persistent Write Buffer Flash Array — Persistent Write Buffer

ST-MRAM integrated into
chassis, caching in PCle |
slot or SSDs in a drive bay

RAID FPGA Optimized Designs

& Microsemi o

PCle, U.2, and M.2 enterprise-class
SSD and Persistent Memory devices

Optimized for use with

the market-leading FPGAs iv XlLI NX
A ®

Replacement for battery-backed
cache modules

b

BROADCOM. +
e A Y
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Everspin nvNITRO™ Products Overview

Everspin nvNITRO™ Storage Accelerator

Enabling the highest performing, ready to use NVMe storage accelerator

. Out of the box, ultra-low 6us latency
Blazing 1,500,000 IOPs performance
' Durable, persistent memory

Two access modes:

o Memory mapped |/O
o Block based (NVMe)

Peer to peer (PeerDirect and fully offloaded NVMe over Fabric)
Standard Windows/Linux NVMe drivers
No need for batteries or SuperCaps
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NVNITRO Introduction

NVNITRO NVMe Product Line

Form Factor

Interface

Capacity

Future Capacity
Protocol/Access Modes

Performance IOPs (R/W)
(4K Random R/W)

Latency (R/W) QD=1
Customer Defined Features
BER / Data Retention

Endurance

TECHNUOLOGIES
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U.2 (15mm)

PCle (HHHL) M.2 (110mm)
PCle Gen3 x8 PCle Gen3 x4 PCle Gen3 x4
1GB, 2GB 1GB, 2GB
4GB, 8GB 4GB, 8GB 512MB, 1GB

NVMe 1.2.1 & Direct Memory Access (PCle MMIO, CMB, P2Pmem, PMR)

1.5M / 1.5M (x8 PCle) 750K / 750K 750K / 750K

5.1uS (Read) / 5.9uS (Write)
Customers may optionally program onboard FPGA with own RTL to extend features / functions
<1e?® /Powered down DR is 3+ months @ 50C, Powered up DR is lifetime at full operating temperature

1e? Access to each and every page, Unlimited uniform access for 10+ years



Delivering Unprecedented Value

10x

1.5M IOPS (Random R/W)
6uS Latency (End-End)

Ultra-Fast Persistent Data
DRAM like performance

100%

No Thermal Impact
No Performance Penalty

Full Performance
In standard thermal profile
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No External Batteries/ Caps
Zero System Dependencies

Inherently Power Fail Safe
Enablingdense form factors

0010101

010101
o e 1010101010101010011
g 10101010100101010101
0101010108

1010101

011010

Just Keeps Going

Unlimited Endurance
For any or extreme workloads

nvm_, @'J/
NVMe (block storage) and/or

Memory Mapped 10

Flexible Modes
Adaptto application needs

U.2, M.2, HH/HL PCle

Ubiquitous Interface
Use in any type of system

Emerging Technologies
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Zero Data Flush Time
Zero Data Recovery Time
Zero Wait (vs. Charge Time)

No Cycle Time Impact
Superior application recovery

Serviceability with U.2
HA w/ Future Dual Port

Serviceability & High Availability
In an active system



Applications Case Study

nvNITRO Usage Models

Application Accelerators

nvNITRO -1——>| I
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Tiering & OLTP Log Cache (LC)

Remote Shared Persistent Memory

Storage Fabric Accelerators SDS (Power Fail Safe)

RDMA NIC Memery Mapped —
ap ; ;
o w f—S PCle

NVMe i [ [ (o =
A TI'T «- a
Fabric LR LR g: B B B E:

: EEEEE| = &% % £ 4 @
SMB = = 2 ] £ 3 3 5
iSER

Software & NVMe RAID

Storage Accelerators (Power Fail Safe Data & Metadata Cache/Buffer)

¢ High Speed Traffic

—
I—4 nvNITRO
==
¢ Local Disks
(=] a (=]
a & & @ 3 A

SSD Storage Array
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High Speed Mixed Destination Data
—
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I I Fan-outto * slower devices
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File System (Parallel & Serial)
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Random Data to Sequential



THANK YO U

Feverspin@teldevice.co.jp
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