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Statistical variability is one of the major
challenges associated with scaling
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TCAD based Design Technology Co-
optimisation (DTCO)
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Hierarchical compact model structure to
support DTCO

Statistical Model

Response Surface
Compact Model

Nominal
Uniform
i Lo S S

: . —
= ot '

Ma :
wioael

Parameter Group |

Parameter Group Il

g
g University
of Glasgow



Summary
d Introduction
d DTCO and hierarchical CM
1 TCAD targets generation
d CM extraction
1 CM generation
d Circuit simulation examples
d Conclusions

; i
g University
of Glasgow



The GSS Tool Suite enables technology
exploration
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14nm DG FINnFET specification

DS

< Fin Width 8 12

Fin Height 22 28
E
o Gate Length 18 22

T=85°C V 5, =0.9V | NMOS | PMOS

» Double gate FINFETs
targeted at 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.
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The ‘atomistic’ device simulator GARAND
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GARAND and the GSS support infrastructure
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Process induced variability — 5x5x5 DoE
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Nominal Device Statistical Variability

ls (HA)
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Correlation between subthreshold
figure of merits, such as I and
DIBL, can be a good indicator to
show whether MGG is an active
variability source.
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Correlation between process and statistical
variability
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Statistical aspects of Reliabllity

| Moy Devices  — "J“HJ Nl
' Single Device _ Aiminll I .
40 .. eDensity
40 } | 20.23
= | '20
W m————- + '
B ] | 18
. 20;" F]é
10/ l“‘
| TR e 12.5
0: shamml 3k I ---- || -I. Tl o ivunl o psini
10° 107 10" 107 107 10" 10° 10" 10°
Time [s]
4 ‘ \ ‘ \ ‘ L ‘
Trapping Density (cm ) @ o A
o 0 OF oA .. eDensity
o 1F11 \ 60.23
2 o BE11 . 20
s 1E12
18

)
N 3P
lm

12.5

Normal Quantile
» O

With degradation

0.4

University

Toa,
TR
‘Gss of Glasgow




Summary
d Introduction
d DTCO and hierarchical CM
1 TCAD targets generation
d CM extraction
1 CM generation
d Circuit simulation examples
d Conclusions

i
g University
of Glasgow



The GSS Tool Suite enables technology
exploration
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The Statistical Compact Model Extractor
Mystic
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Response Surface CM — Group 1 Parameter
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Statistical CM
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Statistical Compact Modeling — Group 2 parameter

Covariance(UA, UQ)
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Mormal Quantiles
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Compact model strategy — heavi
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exploration

Input file_

RANDOM
SPICE

Statistical
Circuit
Simulator

i
g University
of Glasgow



The Statistical Circuit Simulation Engine
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Parameter generation — process
variability
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Parameter generation - statistical
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2

Time-to-statistical compact model
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Normal Quantiles

Compact model strategy - interpolated
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FINFET based SRAM design
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Cell design trade off — nominal model
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Process variabllity — response surface
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Process variablility — statistical
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Interplay between GV and LV
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Reliability Aspect of SRAM Performance
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Conclusions
DTCO has became mandatory in
advanced technology nodes.
TCAD based DTCO reduces time to
technology and time to product
DTCO CM should capture process,
statistical and time dependent variability
and their correlations
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