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3D Flash - Geometry

e Retrograde Geometry at Introduction

— 2D X/Y geometry nearly constant below 19 nm
» Concentration is on “Z” layering (cost effectiveness)
 Implication: Limited number of 2D shrinks

— Larger geometry required f0{
 Reliability
o Durability
* Yield

reasing the r




3D Flash - Process Technology

» Device physics well known
* Nearest neighbor disturb
— Still a problem

* SIO3 Floating Gate to SIN Charge Trap
— High Program/Erase voltagi still re
— Silicon Nltrlde I|thoqraphy &ff"
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3D Flash - Economics

* Oligopolization effects
— Stable pricing
— Complacent competitive environment
— Vendor specific device and services

* Business Cycle

e Fab Stall

— 450 mm Wafer Fab push out 0
= EUV push out [20167]




3D Flash - Roadmap Challenges

 Roadmap laundry list

— “Cost Effectiveness” ?

— SLC now, MLC, TLC later?

— Redundancy requirements?

— Flash subsystem cost escalatl.n’? '

— Voltage scaling?

g COWEL? Q'
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Non-Volatile - Next Gen

e Only one type will reach commodity status
— STT, MRAM, RRAM & PCM candidates

e Law of commodity memory:
“Price is always the determining

t
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Resistive RAM - Roadmap Feature Set

e Standard CMOS fab process

e BEOL “bolt on/over” SoC

e Both voltage & geometry scaling below 10 nm
e 0.5X smaller cell than NAND
e 10X endurance over NAND |
e Read/Write symmetry & By"e Wi
20X greater write performanc

dates to ~
* long term roe



Summary

e 3D NAND will ramp through 2015

— “Cost Effectiveness” requires market validation
— No real performance deltas

e Resistive RAM introductiphs

competitive market race for
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