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Ultra low power, high speed memories
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Core CMOS & Memory expertise centers

EXPERTISE CENTERS
MATERIALS AND PROCESSES

MEMORY

/! (/| /[ ||
Metrology for PROCESS CONTROL

PHYSICAL CHARACTERISATION

-\ /| /| ___|] ||
MODELING & RELIABILITY

ATOMISTIC MODELING Optical-Proximity  Compact & circuit modeling, TCAD,  Optical, thermal,

Acoustics,
ACTIVITIES WITHIN IMEC Correction mechanical, thermal and mechanical, optical, TCAD,
electrical reliabilities, physical, reliability,... fluidics,...
exploratory devices, atomistic
modeling,...

“mmec ‘

public



[1] source: A. Thean, SISPAD 2018 &R. Wallace, AVS 2002

New materials = source of inspiration
but also of perspiration, ...

MOS Elements 1970’s [I]
CMOS Elements 1980’s [1]
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R&D CMOS Elements 2002 [1]
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Large number of possible combinations

Selection process ?
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MATERIAL AND TECHNOLOGY

MATERIAL TREE

Ferroelectrics
g Low-x
Magnetic W/, i
&

Groups IV and IlIIV
N \,;'1 semiconductors

. 2D material

Conductor (metal,
. superconductor,..)

O .. Oxides
Topological ™ *~== '

) Doping
insulators

" Metal for gating

TECHNOLOGYSREQUIREMENTS

Challenges:
= Abundancy of reports and of possible solutions

INTERFACE TREE

rannelngyema
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Optics

) Plasmonic

A Electrostatic
'« control

Active & passive - s..
cooling

Mechanical integrity »;t

TECHNOLOGMREQUIREMENTS

= Confusing literature — no clear benchmarks, results are process and methodology dependent,...

= No clear winner(s)
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Material journey: from concept to 300mm angstrom Material pilot line

* Define problem & opportunity statement = functional materials

* Data mining : literature screening
* Screening and selection : atomistic & device simulations, lab experiments

* Set-up collaborations with academic centers of excellence

Lab

Virtual & proof of concept

Data mining Virtual material screening — ab initio

Literature

‘ Figure of merits & material selection
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Modeling playground

Building bridges between modeling approaches
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Ab initio
Quantum mechanics

Material screening & multiscale effort
Ad-hoc solution: imec in house workflows

Material screening Gate stack & surface Thermal related Mechanical Electrical Spectroscopy
chemistry
Material crystal databases Material . . Molecule,
& amorphous generation Th d 1 rystal Material Material material crystal
p g ermodynamics s structures Interf./devices Y

or amorphous

techniques structures

Phase diagram & Phontzn§ and Dielectric Phor;zzisr and Mechanicalh. Electronic Excited states
solubility . e’f properties derivati propertfes of thin structure, &
derlvatives erivatives films, mtefface Hamiltonian spectroscopy
@ properties
. Thermodynamic
Development of specific database Boltzmann transport solver Finite Element
properties: meff, gap, magnetic 2D monte Carlo Solver Modeling Material

database to

properties, statistics, defects, el.

properties, thermal properties

Temp. prof,, spectral flux in

design of
photoresists

devices Mechanical o
i evice
Callibr. & benchmark with properties @
exp. device level performances

Under development
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Material screening



Selection of metals for interconnect

0. Problem statement |.Ab initio modeling

All relevant elements,
/ binaries, ternaries, ...
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5. Metallization module '
development

Approach to be used:
Deposition, etch, integration,...
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4. Process development:

2.Thin film experi Ru, Co, Ni, Ir, Rh, Pd, Pt,

Nb, Cr, Mo,W, +
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Multiscale modeling



Ex: Atomistic calculations - material thermal properties

Thermal transport in materials ~ Boltzmann transport equation — Monte Carlo

0 .0, O
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First-principle
DFT calculations

Material thermal
properties BTE simulation for
heat carriers

emperature distribugm
d
) ety FEM for large
scales

* Electron and phonon properties are calculated from DFT to
obtain thermal conductivity.

= Thermal conductivity is modeled in thin film metals using
scattering parameters calibrated from elect. measurements.

=  Crossover of Cu thermal conductivity with annealed Ru < 5nm.

scattering

Kon/(Ka + Ku) [%)]
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Multiscale modeling TMR
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Perfect epitaxial stack During an elastic deformation ! Ideal

‘Romantic’ vision ‘Atomistic’ vision i
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Lihnec

embracing a better life



