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Emerging memories and crossbar array architecture

Memory selector device options and requirements

o Asymmetry and nonlinearity for device selection

o Selector device requirements

Crossbar array modeling with selector device

o Crossbar array model and parameters
o Impact of selectors on crossbar array operations

o A case study: 4kb crossbar array with nonlinear selectors

Summary



Memory

Volatile Nonvolatile
SRAM Baseline Prototypical Emerging
DRAM L Flash — FeRAM I Ferroelectric Memory
I =
I:Stand-alone I: NOR -{PCM : FeFET
: = - - - =
Embedded NAND| F{MRAM FTJ
—: STT-RAM | [ ReRAM
: — Electrochemical Metallization Bridge
_ ' —  Metal Oxide - Bipolar Filamentary
4F2 footprint : - . .
I — Metal Oxide - Unipolar Filamentary
--pe— I - - .
; 5 I — Metal Oxide - Bipolar Nonfilamentary
i i | Two
B B : <,I: | terminal — Mott Memory
: structures [ Carbon Memory
: — Macromolecular Memory
: —| Molecular Memory |



I Crossbar Array and Sneak Paths

WY Bitlines
ad One sneak path
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Vertical Crossbar Array and Sneak Paths

Selected path: WL1 — BL4
via junctions: 4
WL1

Sneak path 1 (dashed):

WL1 - BL3 > WL3 —» BL4
via junctions: 3, 11, 12

WL3

Sneak path 1 (dotted):
WL1 — BL2 > WL2 —» BL4
via junctions: 2, 6, 8
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Sensing Margin (SM)
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Writing Voltage Margin (WVM)

¢ Ve disturbance voltage decay
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Memory selector device options and requirements

o Asymmetry/nonlinearity for device selection

o Selector device performance requirements



Asymmetry/Nonlinearity for Device Selection
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Features of sneak paths:

There is always a reverse
conduction segment
Unselected devices typically
have lower voltage than the
selected device

Asymmetry (reverse resistance >> forward resistance) — sneak path resistance
IS increased by reverse resistance
Nonlinearity (voltage-dependent resistance) — unselected devices with lower
voltage are more resistive and reduce leakage through leakage paths



Selector Device Options

Transistor

Planar

Vertical

Memory Selector Devices

Diodes Volatile switch Nonlinear devices
Si diodes Threshold External nonlinear
switch select devices
Oxide/oxide .
heterojunctions Mott switch MIEC

Metal/oxide Schottky Complementary
junctions structures

Self-rectification Intrinsic
nonlinearity

Asymmetry Nonlinearity
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Oxide Heterojunction Selector
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Volatile Threshold Switch Selectors
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MIEC: Mixed lonic Electronic Conduction

Structure I-V characteristics Local stoichiometry
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Parameters

On/off ratio (or
rectification ratio,
nonlinearity ratio)

Maximum on-current
Threshold voltage
Scalability

Operation polarity
Speed

Endurance
Manufacturability

Requirements
Sufficiently high for given memory element

characteristics and array size
Sufficiently high for memory operation

Needs to be minimized

Comparable with memory elements

Compatible with memory and CMOS
processing



Examples of Reported Oxide Diodes
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Selector-Memory Parameter Balance
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Crossbar array modeling with selector device

o Crossbar array model and parameters
o Impact of selectors on crossbar array operations

o A case study: 4kb crossbar array with nonlinear selectors
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I A Crossbar Array Model and Solution
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I Crossbar Array Parameters

Technology

Design

» Sensing margin
» Writing voltage margin
» Power efficiency




A typical nonlinear characteristics is from tunneling transport mechanisms
Rectifying selectors can be p-n junction, heterojunction, or Schottky diode
I-V characteristics well described by hyperbolic or exponential functions
Maximum current may be limited by contact resistance
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Line Resistance Induced Voltage Decay
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* Integrating nonlinear selector devices significantly reduces line
resistance induced voltage decay

100%
2 80% NN ASIR
C \
0 TS
© 60% F------220 T Z’__I,,_” _________
5 bidirectional nonllnear N\ :1R\\__IL
IS diode selector | :
g 40% |------mo- \\ ------------ T
S gy | U2bias’scheme N i
S ° [ "1/3 bias" schieme \
Unsel. WL/B:L grounded ! « |
0% ' ' —l
1 10 100 1000

Number of junctions along a line



Sneak current flow <] $ Sne
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« Selector devices reduce both the sneak leakage through unselected
junctions and the access line current
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« Selectors helps to maintain nearly constant junction voltage margin

« However, only a portion of junction voltage drops on the memory
element
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 Higher exponential factor o of selectors
(stronger nonlinearity) improves writing

voltages and margin

« Contact resistance reduce writing voltages

and margin
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« Worst-scenario sensing margin > 97.7%] IR R_=10Q
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- Two terminal selector with good scalability is essential for
high-density crossbar memory arrays.

- Nonlinearity and asymmetry in device characteristics can
enable device selection functions. Rectifying diodes, volatile
switches, and nonlinear devices can be used as selectors.

- Selectors reduce sneak leakage and voltage/current decay,
which helps to ensure sufficient operating voltage/current.

- Voltage dividing effect of selectors reduce disturbance but
also requires higher array V, for CBA operation.

- Selectors with stronger exponential dependence are more
effective in improving operation margins.

- CBA design and optimization have to consider the balance
between memory elements and selector devices.
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