Device-Technology Co-Optimisation
(DTCO) in the Presence of Acute
Variability

A. Asenov’, B. Cheng’, C. Alexander?, A. Brown', C. Riddet’
S. Nassif?, J.B. Kuang?,
L. Shifren3, S. Sinha3, G. Yeric3

1Gold Standard Simulations Ltd
2IBM
SARM



Summary
1 Introduction
d 22nm FinFETs: the Intel benchmark
3 14nm FInFETs: Interplay between
process and statistical variability
3 10nm FinFETs: Sivs. Ge
3 7nm FInFETs: the role of IlI-Vs
3 Conclusions




Summary
d Introduction
d 22nm FinFETs: the Intel benchmark
d 14nm FinFETs: Interplay between
process and statistical variability
d 10nm FinFETs: Sivs. Ge
d 7nm FinFETs: the role of Ill-Vs
d Conclusions




Statistical variability is one of the major
challenges associated with scaling

After K. Takeuchi (NEC)

Variability results in higher parametric yield loss



Saturation in performance and increasing
variability drives the CMOS innovations

M Bohr (Intel)

FInNFETs improve performance and can reduce
statistical variability



Saturation in performance and increasing
variability drives the CMOS innovations
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Design/Technology Co-Optimisation
DTCO

Circuits have to be adjusted/optimized for the specific
behavior of new devices.

Technology/Devices should be optimized for specific
circuit requirements.

The early stages of DTCO is based on TCAD/CM/
Circuit simulations.

Requires seamless link between TCAD and circuit
simulation.

Reduces dramatically time to market.

DTCQO - critical in advanced CMOS technology
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Intel 22nm FinFETs



Intel 22nm FinFETs



3D Ensemble MC simulation provide
predictability

Quantum confinement Non-equilibrium transport
IS important IS also important

DD MC Electron energy Electron velocity



Intel 22nm

FINFETs
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Intel 22nm FinFETs



Intel 22nm FIinFETs
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Rectangular fins have 15% higher performance for
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14nm DG FinFET specification

>a
Z
’ 2 Dimension Min (nm) Max (nm)
N o, ) L
SN > Fin Widith 8 12
” Fin Height 20 28
E
RIE o? Gate Length 18 22
B
uasT“ATE
S
> Doubl — T=85°C V=09V NMOS PMOS
ouble gate Fin S
targetedgat 14nm lon (MA/LM) 0.9 0.8
technology node. lore (NA/UM ) 10 10
» Devices targeted for high DIBL(mV/V) 56 65
performance SRAM SS(mV/Dec) 86 88
application.
» Process variation aware
design.

10



ID[nnAAun]

The role of predictive MC simulations
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» Only EMC simulations can
predict performance.

» Quantum corrections are
essential.

» DD simulations can be
calibrated to EMC.
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Process induced variability
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» Captured by experiment
design.
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Statistical Variability Simulations
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Nominal Device Statistical Variability
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Correlation between subthreshold
figure of merits, such as I,z and
DIBL, can be a good indicator to
show whether MGG 1is an active
variability source.
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Correlation between process and statistical
variability
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Statistical aspects of Reliability
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Statistical Compact Modelling Procedure

Process Variaiton
Aware Device TCAD
Design

Extended Uniform
Device Compact
Modelling

Process Variation
Aware Statistical
Device Simulation

Extended
 Statistical Device
Compact Modelling

‘ Unified Statistical Compact Model Libraries \
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Extended Uniform Model — Group 1 Parameter
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Statistical Compact Modeling
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PHIG (eV)

Strong correlation between
statistical compact model
parameter and device
figure of merit demon-
strates that extraction is
physics based
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Statistical Compact Modeling — Group 2 parameter
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FINFET based SRAM design

1-1-1 Cell 2-3-3 Cell
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Time (PS)

Cell design trade off
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» Slow corner has the best
SNM performance.

» CD variation can introduce
10% degradation on
standard deviation of SNM.
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Reliability Aspect of SRAM Performance
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» Under N/PBTI stress
condition, SNM can be
degraded by more than 25%

» However, write operation
can be improved under
stress condition
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/nm FinFET options: FINFET design
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fin

The impact of the stop layer is neglected
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Electrostatic performance based on DD
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Performance based on MC simulations
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Impact of the contact resistance
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Simulation of statistical variability
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Simulation of statistical variability
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Performance vs. Leakage
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Implant-Free Quantum-Well

n-type p-type
INg 53Gag 47AS Germanium
Cn Channel
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Fin Profile Extraction

M. Radosavljevic et al., Tech. Dig.-Int. Electron Devices Meet., 2011, 33.1
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« Extract fin profiles for both
W, from published data. 0
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the simulation domain.

« Use published structure " -40
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tepe=5nM,  EOT=12A,
H;,,=50nm. 3930715 0 1530

X [nm]
W;,,=45nm

-20

Z [nm]




Experimental Verification
1000 | . | . | . | .

e Experiment
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Gate work-function calibrated using drift-diffusion.
Published I,-V 5 data has W, =40nm.
Extracted fin profiles bracket published results.
Simulations without interface roughness scattering.
Monte Carlo shows excellent agreement.

M. Radosaviljevic et al., Tech. Dig.-Int. Electron Devices Meet., 2011, 33.1
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Design/Technology Co-Optimisation
DTCO

There is a strong interplay between process and
statistical variability in advanced technologies.

Compact models should capture acurately this
interplay.

Hi level of automation and accuracy is needed from
the simulation tool to enable DTCO.

DTCO is crucial for both Foundries, IDMs and fables
companies



