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Memory Cell Advantages
CMOx™ MEMORY TECHNOLOGY

© World's first R/W passive cross-point memory array
~ No transistor in memory cell

* Non-volatile

~ Multi-layer memory
© Multi-level cell (MLC)
' 0.5F2 memory cell size
* 4x the density of today's NAND Flash

© Fast write speed

Conductive Metal Oxide

CMO "

Technology for Terabits
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The 0.5F> Memory Cell

1 cell per 2Fx2F=4F2 4 layers of memory
Ideal 5LC memory cell 4F/4 bits = 1F2 5LC
in a cross-point array

T
S N S

F = feature size

Using MLC, each cell stores 2 bits
4F2/8 bits = 0.5F2 MLC

CMOX

Unity achieves a 0.5F2 cell size by fabricating 4 physical layers of transistor-less

CMOx™ memory in a cross-point array, and storing 2 bit/cell MLC.
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Ity Advantage

4x Dens

e Size IS

4x smaller
than NAND

Unity d
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lonic Charge Movement
Oxygen Vacancy Migration

+V PROGRAM + V READ

Insulating e
Metal Oxide

Fast Write Speed

Conductive
Metal Oxide

"0" = Programmed State Read Current

+V READ

Insulating
Metal Oxide

Fast Write Speed

Conductive
Netai Oxide

@?@

"1" = Erased State Read Current

Unity CMOx™ memory technology works by the uniform movement of ionic

charge under electric field control.
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Competing Next Generation
NVM Technologies: Scaling

Write current >100ua Write current >5ua Write current >50ua Write current <500na

TR
N O
VYV v
I b
Adesto, Qimonda, Sandisk/Toshiba
Micron Samsung

vV Vv
Metal /
lon Movement

Ovonyx, Intel

|n

Oxygen Vacancy
Re-distribution

Melting Melting
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Write & Read Data Patterns

All O's Diagonal 0’s Checkerboard | Column Stripes \
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Manufacturing Model

UNITY EEMI-::}NDUCTGH UNITY EEMI-::}NDUCTGH UNITY EEMI-::}NDUCTGH
BEOL
Chip Design Base Wafer Memory ™
Product

Standard CMOS BEOL Memory™ Fab
Logic Foundry

CMOx Memory
SUNBNONNaToNONOENANRANNETI Layer

Standard

| cmos Logic

Unity leverages existing standard CMOS logic foundries to
reduce the capital required to build CMOx™ memory.

© 2009 Unity Semiconductor Corporation
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IBM’s Vision

SSD
Tier O

Storage

PCM, STT-MRAM, Qs NAND

(low density, high cost) Flash C MO x

Only Unity CMOx™ memory competes with HDD via high density and low cost.

Other next-generation SCM technologies are targeted at low latency (DRAM).
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Cost Learning Curves

Cost/Bit DRAM
A
/

' NAND Flash

CMOXx™ maintains 4x cost/bit
advantage over NAND

CMOX

CMOx™ achieves cost/bit of only 1.5x HDD

Time

On the cost learning curves, Unity’s CMOx™ achieves a cost per bit of only 1.5
times HDD bit costs, while maintaining a cost per bit advantage of 4x over NAND.
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Performance & Reliability Requirements

Applications for CMOx™

Enterprise
SSD
(Tier 0)

/\k_ Netbook

SSD

_ (Eee PC,
Consumer Mobile etc.)

Electronics Storage
(Flash Cards/USB
Drives/MP3 Players,
(o)

Unity
market
introduction

2000 2005 2010

Performance & reliability requirements are increasing
with each new application. CMOx™ is designed to

address even the most demanding requirements.
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2009-2014 Product Plan

64Gb 128Gb 256Gb 512GDb 1024Gb

| 64GDbA proto

128GbB

< 256GbA/256GbB >

512 C-E;IQB 512Gb :
proto

1024 Gb
proto

Note: “Version A” is un-shrunk product and “Version B” is a linear shrink.

’ | Proto | Production

‘* Internal Qual Complete
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BEOL Fab JV

Customer
Supply Agreement

© 2009 Unity Semiconductor Corporation
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Additional information located at:

http//:www.unitysemi.com
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