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Saturation in performance and increasing variability
drives the CMOS innovations

TECHNOLOGY GENERATION
45nm 32nm 22nm 14nm 10nm 7nm Beyond
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Not to scale
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Statistical variability

The ideal transistor
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Variability is one of the major challenges associated
with scaling

K. Aadithya, DAC’11
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CMOS SRAM technology
Variability results in higher parametric yield losses

Slide 7 Nt W' SUPERAID? Workshop “Process oY 1 1 F b 4
ESSDERC P o Variations from Equipment Effects to [ UnlverSIty $ DtV](t@ L S U P E RAl D 7
SSEDERC Cirout and Design Impacis’ -L' @[ Glas GOW  ; [nediile
September 3, 2018, Dresden o _____ ReUP

Variability classification
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Variability in 65 nm (L=60 nm, W=140 nm)
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Systematic components ~ Random components

T. Hiramoto (Tokyo Univ)
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Sources of statistical variability
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Variability in 20 nm CMOS
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The SRAM yield depends critically on supply voltage

20nm SRAM butterfly curves as a function of Vpp

The butterfly eye is closing rapidly with the reduction of the supply voltage. This
keeps the system on chip (SoC) supply voltage high increasing the dynamic
power.
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Both transistor and interconnect variability need to be
considered

Emulation of Intel 14 nm FinFET CMOS

Semulator3D (Coventor)
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Time-dependent variability

» Random Telegraph Noise (RTN)
» Bias Temperature Instability (BTI)
» Trap Assisted Tunneling (TAT)

» Hot carrier injection (HCI)

BTI relaxation TAT
X 35"('L...) x 90 ;lm’ -10"
SiON/Poly-Si (EOT=1.8nm) € ,
& -10
— 5 2
_§_ 'E" ¥ g -10°
>'- % 0 g 4
T ET -10
g -10°
8
-10%

0.0 0.2 0.4 0.6

<1
Time Isec.] Gate Votage

Slide 17 [ A . m . .
e s %‘" kel s NOMWC SIS SEAWCRN SUPERAID | 7
ESsSSsSCcCIiRC Circuit and Design Impacts” = Qf‘GlangW : M?(géulrm ;

September 3, 2018, Dresden

BTl vs HCI

BTI — uniform trap distribution and charge trapping
HCI — non-uniform trap distribution and charge trapping

HC

HC-BTI, Self-Heating

—— —

A. Bravaix
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Strong interplay between statistical variability and
statistical rellablllty
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Simulations of junctionless nanowires
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Simulations of junctionless nanowires
TCAD implementation

Si Nanowire Parameters
Channel Diameter 8 nm
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Simulations of junctionless nanowires
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Simulations of junctionless nanowires
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Ip-V s characteristics at Vps=0.6 V
for the device with a square cross-
section and Lg = 10 nm.

Ip-Vs characteristics at Vps = 0.6 V
for the device with a square cross-
section and Lg = 5 nm.
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Simulations of junctionless nanowires

Ballistic

With phonons
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Current spectrum in pA/eV for the square device with Lg = 10 nm at Vgs = 0.3
V and Vps = 0.6 V in ON-state (Ip = 13.59uA). The Fermi levels at the source
and drain are respectively at 0 and -0.6 eV. The sub-bands are plotted in
dashed lines. The solid line is the bulk conduction band in the middle of the
device.

Slide 26 Se3 " SUPERAID7 Workshop “Process %y 1 1
o ' " Variations from Equipment Effects to [ UnlverSIty Dtv](t@ i S U P E RAI D 7
ESSDERC ana. . . 1
ESsSsSsCcCIRC Circuit and Design Impacts = 0 aSgOW IMODELLING -
September 3, 2018, Dresden ] GReUP i




Simulations ofjunctionless nanowires
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Simulations Si-InAs nanowire TFETs
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Ib = Vgs characteristics of the 150 Si-InAs nanowire TFETs with randomly
distributed dopants (gray curves). The statistical mean and median are also
plotted. The Si-InAs nanowire TFET with a uniform doping profile is shown as
reference. The current is normalised by 21TR.
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Simulations Si-InAs nanowire TFETs

x10°%

Energy(eV)

Energy (eV)

Simulated ON-state current-
spectra of the Si-InAs nanowire
TFETs with (a) one and (b) five
dopants. The units are pA/eV.
The insets show their position in
each TFET. The white dashed-
lines denote the highest valence
and the lowest conduction sub-
bands.
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Simulations Si-InAs nanowire TFETs
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Statistical simulations of a Si nanowire transistor
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Metal Insulator

11nm iefan

Silicon Metal Silicon
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Fin Pitch 30nm
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Leakage 3nA/pA
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Statistical simulations of a Si nanowire transistor
V1 — variability
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Statistical simulations of a Si nanowire transistor
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Conclusions and outlook

B Variability is one of the major challenges associated with scaling

B There is global and local variability
Local (statistical) variability has significant impact on the current technology
Sources of variability: RDD, MGG, GER, NWER

B Variability should be taken into account in design and fabrication process
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