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Transistor physical gate length will reach ~15 nm before 
end of this decade, and ~10 nm early next decade



Emerging Nanoelectronic DevicesEmerging Nanoelectronic Devices

4

5 nm5 nm

2.0 nm High-K Gate

5.0 nm 
Si Nanowire

5 nm5 nm

2.0 nm High-K Gate

5.0 nm 
Si Nanowire

(e)

10nm

(a) 10nm LG Si MOSFET
(b) Non-planar Si Tri-gate
(c) III-V QWFET
(d) CNT FET
(e) Si nanowire FET
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Benchmark emerging nanoelectronic devices 
against state-of-the-art Si devices

Separate reality from hype
Identify device strengths and shortcomings 
Gauge research progress

4 key device metrics
CV/I vs LG -- Intrinsic speed
Energy-Delay product vs LG -- Switching energy
Subthreshold slope vs LG -- Scalability
CV/I vs ION/IOFF -- IOFF vs speed tradeoff

Low CV/I and high ION/IOFF required for logic applications
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ION = IDS at |VDS| = VCC and |VG–VT| = 2 VCC / 3
IOFF = IDS at |VDS| = VCC and |VG–VT| = VCC / 3
Measure or estimate capacitance C
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D = 1 to 2.5 nm
D = 4 to 35 nm

CNT shows significant p-channel CV/I improvement over Si
CNT has >20x higher effective p-channel mobility than Si

Si nanowires do not show any improvement over Si
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CNT shows significant p-channel energy-delay product 
improvement over Si due to higher effective p-channel 
mobility than Si
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(Metal-CNT
source/drain contacts)

For ION/IOFF < 100, CNT shows improvement over Si due to higher 
channel mobility and lower VCC

ION/IOFF (<100) in CNT is limited by ambipolar conduction
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CNTs use metal-CNT Schottky contacts to form source and drain, 
which leads to ambipolar conduction

One of the technical challenges in CNT is to make conventional 
implanted or diffused PN junctions to form source and drain
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n-channel CNT not as well established as p-channel CNT

III-V (e.g. InSb) devices show significant CV/I improvement over Si

III-V devices have >50X higher effective n-ch mobility than Si

III-V devices operated at low VCC = 0.5V
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III-V (e.g. InSb) devices show significant energy-delay product 
improvement over Si due to >50X higher effective mobility and 
lower VCC = 0.5V used
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Chemically-doped junction
delays ambipolar conductionDue to Schottky 

gate leakage

Use of chemically-doped junctions delays the ambipolar conduction in 
the CNTFET despite poor gate delay performance at present

ION/IOFF ratio of InSb QWFET is limited by Schottky gate leakage
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Need to diligently benchmark emerging 
nanoelectronic devices against state-of-the-art 
Si data to

identify potential device strengths and shortcomings, 
and
to gauge research progress

Emerging non-Si nanoelectronic devices show 
both challenges and opportunities for future 
logic transistor applications
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