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Variability has become a major challenge
to scaling and design
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Local statistical variability is
a mayjor source of concern
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OPC and strain related variability
65 nm example Synopsys (SISPAD 06)
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Strain induced variability
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Statistical variability
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A 4.2 nm MOSFET




Statistical variability
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High-x and metal gate morphology
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Glasgow statistical 3D simulation tools

E}%ﬁigg% a Drift-Diffusion (DD) with
guantum corrections.

O Ensemble Monte Carlo
(MC) with ab-initio
Impurity scattering.

2 Non-Equilibrium Green’s
Functions (NEGF).

Enabled by the power of cluster and grid computing




- The most comprehensive

~ technology available
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Bulk MOSFETSs are here to stay longer

Timing of CMOS innovations shifts backward.

Foresy  Bulk CMOS has longer life now!

Correspond to 22nm Logic CMOS
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Variability in 45 nm LP transistors
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Good agreement with measurements
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n-channel MOSFET p-channel MOSFET
oVt [mV] oVt [mV] oVt [mV] oVt [mV]
(Vps=0.05 V)| (Vps=1.1 V) | (Vps=0.05 V)| (Vps=1.1 V)

RDD 50 52 51 54
LER 20 33 13 22
PSG 30 26 - -
Combined 62 69 53 59
Experimental 62 67 54 57




Potential distributions
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Combined variability in bulk MOSFETSs
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- The impact of the transport related variability
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- Simulation of 100000 statistical sample
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Bulk MOSFETSs are here to stay longer:
But they will be longer too

Physical gate length in past ITRS was too aggressive.
The dissociation from commercial product prediction will be adjusted.

Physical gate length of High-Performance loqgic will shift by 3-5 yrs.

Correspond to
45nm 32nm 22nm Logic CMOS

¥S.Lg =» X0.71/ 3 Year

1
2007 2009 2011 2013 2015 2017 2019 2021

Year Source: 2008 ITRS Summer Public Conf.

After H. lvai




Summary

Uruver51ty
Glasgow

l - Novel device architectures

CMOS




- Novel transistors are wanted mainly due to
reduced statistical variability

Random Variability Reduction Scenario
University i ITRS 2007
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SOl and DG variability in PULLNANO
template transistors

32 nm FD SOl 22 nm DG
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SOl and DG variability

32 nm FD SOl

22 nm DG

32nm oV (mV)

22nm gVt (mV)

Vs (50mV)| Vs (1.0V) [Vgs (50mV)] Vs (1.0V)
RDD 5.3 6.1 6.4 8.1
LER 3.3 8.6 5.8 13
Trap (1ell) 11 11 5.1 4.8
Combined (1ell)] 13 15 10 16
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Statistical reliability: electrostatics

donoys wepmrs
7_ R \ o N Z . . -
P B :

University
of Glasgow |

Multiple

| Continuous traps

| AV, = AQ Single
E Cox trap
1IN, =1x10"
0.001 0.01 0.1

Threshold voltage shift




Bl statistical reliability in 45 nm LP technology
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Threshold voltage variability increases

with NBTI
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Trapping produces ‘anomalously’ large
Threshold voltage shifts
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The reason for ‘anomalously’ large
threshold voltage shifts
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SOl and DG variability

32 nm FD SOl 22 nm DG
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32nm oVr (MV) | 22nm gVr (MV)

Vs (50mV)| Vs (1.0V) [Vgs (50mV)] Vs (1.0V)
RDD 5.3 6.1 6.4 8.1
LER 3.3 8.6 5.8 13
Trap (1ell) 11 11 5.1 4.8
Trap (5ell) 24 25 13 12
Trap (1el2) 36 37 18 17
Combined (1e11)] 13 15 10 16

Combined (5e11) 267 |27 7746 | 10 |

Combined (1el12)| 37 38 20 23
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Impact of statistical variability on power,
performance and yield
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Conclusions

a ltis likely that the statistical variability in bulk
o Clasgow MOSFETs will increase rapidly in the next
technology nodes.

Q The statistical variability can not be reduced by
fine tuning the technology, OPC and regular
designs.

a FD SOl and DG devices have significant
advantages in terms of variability compared to
bulk MOSFETSs.

a Statistical variability demands a statistical
approach to design and will force fundamental
changes in the design paradigm.
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