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GinestraE Solutions

Ginestra Is an innovative software platform that enables design and optimization of
devices from materials based on performance, reliability and variability requirements
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Features:
A Simulate electrical behavior for various Pr—— o
material-device structure combinations v “J@
A Based on first principles treatment of >
carrier transport in different materials 5
Materials Database / j / Device Specs
A Accurate modeling of electrical properties Ao 2K ! Vanabiy
] ) Simaniaicalo Defect Shucture  Electrical Characteristics gy
at nanoscale and macroscale including
defects and interfaces |
3 : . LEraTae | e
A TranS|ent, pUIse and DC eleCtrlcaI - Microscopic Kinetics - Charge trapping and

characteristics together with long term
reliability estimates
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Memories and Novel Devices
Ginestra enables Novel Device Design by leveraging material properties

Features:
A Design novel devices or optimize Ginestra device optimizer
existing technologies with the - 000 N
automatic Ginestra optimization tool DENCw vutoe
g Semiconductors (materials, thicknesses)
A Simultaneous optimization of multiple § | W piarvisplonsin \
Figures of Merit for specific : i FIEEiiee s = | %
functionalities 3 (% SEifEEEE s seal R N
g‘ T — . :CI:ilalcogemdes "
A Comprehensive electrical tests N R HR R

Ginestra™ materials library

covering all aspects of Performance,

Variability, and Reliability “~_ “

Design of novel devices by identifying materials combinations and device geometries
for optimum device performance
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Designing Resistive RAM Using Ginestra

Features:
A Simulation of a full FORMING-RESET-SET cycle 10 2/
< » 10°
A FORMING: Field-Induced Temperature-Driven positive < M

feedback | N

e -10 |

3 Field and Temperature-Driven diffusion of atomic species 5 10
. 1012
A RESET: Partial oxidation of the Conductive Filament M B

due to Field-Driven diffusion of oxygen ions N
. _ 1016 : . :
A SET: Field-Induced breakdown of the oxide barrier 2 1 0 1 2

- _ Voltage [V]
3 Oxygen diffusion recreates the oxygen reservoir
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Resistive RAM Simulations

FORMING: Field-Induced Temperature-Driven positive feedback
v Field and Temperature-Driven diffusion of atomic species

RESET: Partial oxidation of the Conductive Filament due to
Field-Driven diffusion of oxygen ions

From digital to analog switching: Link between material,
conductive filament properties and device electrical behavior
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SET: Field-Induced breakdown of the oxide barrier
v Oxygen diffusion recreates the oxygen reservoir
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Material Characterization

Features: RuOx / 8.5 nm SrTiO / RuOx o |

) ;Trg;;f;;:;_s 4 CV - 300K

A Automatic extraction of key materials N R
properties from electrical measurements 3 7 e
(v, CV, GV, BTI, TSCIS) ==

A Full characterization of defect energy P
and space distribution

A ldentification of atomic defect species
affecting device electrical characteristics

Current Density [A/cm?]

: ns
slvmbok: experiments
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Fast characterization of material and defects properties from automatic interpretation
of multiple electrical measurements
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Defect Spectroscopy
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Calibration of individual defect distribution
within the sensitivity region allowing
simulating IV, CV and GV data

IJP g e

Example

10t

Current [A/m?]
s

-
o
=

105 e
-35-3-25-2-1.5-1-050051 15 2 25 3 35
Voltage [V]

Simulation fit of experimental |-V
curves of MIM stack

cm3ev!

H I 1020

.
:

:

v -

o - .

| . —
o

:

:

:

:

e |
Pt T 10

Extracted Defect Density
Profile for stack

Method for extracting defect density depth profiles using a combination of electrical
measurements
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Electrical Characterization

Ginestra simulates key device characteristics that encompass performance,
variability and reliability

Features:

A Simulation of DC, pulsed and
transient electrical characteristics

A Accurate over wide range of
voltages, times and temperature

Accurate DC, AC and transient electrical characteristics determined by accounting
for the effect of bulk atomic structure, interfaces and defects
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