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Nanoelectronics: Scaled CMOS

Lecture 2: Scaled CMOS
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Nanoelectronics: Scaled CMOS

Four key metrics for logics:

Speed

Intrinsic speed (CV/I)

Switching energy

Energy-delay product (CV/I*CV2)

Scalability

Subthreshold slope vs Lg

Off-state leakage

CV/I vs Ion/Ioff

Transistor evolution:
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Nanoelectronics: Scaled CMOS

|VDS|=VCC

Vg 2/3 above Vt gives Ion

Vg 1/3 below Vt gives Ioff

Calculate/measure the capacitance

Cylindrical devices:

Method for benchmarking

111 
QMCOXCTOTALC

)/2ln(/02 RhrOX
C 

Normalization by width 2R

Typical nanotube characteristics: Definition of data points:
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Nanoelectronics: Scaled CMOS

Gate Delay

PMOS:

NMOS:

III/V NMOS have better performance!
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Nanoelectronics: Scaled CMOS

Energy-delay product

PMOS:

NMOS:

III/V NMOS have better performance!
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Nanoelectronics: Scaled CMOS

Scalability and leakage 
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Nanoelectronics: Scaled CMOS

Planar single gate

Double-gate

(fin width one third

of gate length)

Tri-gate

(body thickness

about gate length)

Si body of Tri-gate transistor

Advanced Device Architectures:
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Nanoelectronics: Scaled CMOS

Performance of 60 nm gate length

Ion=1.14 mA/mm

Ioff=70 nA/mm

SS=68 mV/dec

Ion=0.52 mA/mm

Ioff=24 nA/mm

SS=69.5 mV/dec

Comparable to well-optimized

planar devices!

15 Å oxide thickness

DIBL=41 mV/VDIBL=48 mV/V

DIBL=Vg@Vd=1.3V-Vg@Vd=0.05V/(1.3-0.05)

Vg taken at Id=0.1 mA/mm
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Nanoelectronics: Si Nanowires

- Ge/Si core shell nanowires

- 15 nm core

- p-type conduction

- High-k dielectrics (ZrO2)

- ballistic transport

- 500 nm mean free path
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Device Characteristics

Nanoelectronics: Si Nanowires

Lg=1 mm

gm=26 mS

Idmax=35 mA

Benchmark at 1V:

Ion=14 mA

gm= 1.4 mS/mm

Ion=0.71 mA/mm

Lg=0.19 mm

gm=60 mS

Idmax=91 mA

Benchmark at 1V:

Ion=37 mA

gm= 3.3 mS/mm

Ion=2.1 mA/mm

mobility=730 cm2/V

SS=100 mV/dec.
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Device Performance

Nanoelectronics: Si Nanowires

Gate delay:

-Lg=1 mm => t=57 ps

-Lg=0.19 mm => t=4 ps

VT shift due to 

different work

functions
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Nanoelectronics: Si Nanowires

-Ge condensation technigue

-- SiGe oxidizes faster than Si

-patterning of 100 nm fins

- cyclic oxidation and etching to

20-30 nm diameter wires

- 350 nm gate length, tox 4 nm

- i-Si and implantation of S/D regions
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Device characteristics

Nanoelectronics: Si Nanowires

Performance scales with number of wires in stack!

Surface is Ge rich

Hole accumulation at the surface and electrons in the core

Difference in scattering affects gm

265 mS/mm

159 mA/mm
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Status 2019: Device Development

Nanoelectronics: Si Nanowires

High-k and metals

to tune work function 

Introduced between 

The nanowires
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Device characteristics

Nanoelectronics: Si Nanowires

Different metal schemes  used to vary transistor Vt

Not much space but still possible
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TSMC 5 nm node 2020

Nanoelectronics: Si Nanowires 18% increase in drive  current!

IEDM  2019


