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Motivation for steep transistors

Power dissipation is the main challenge of electronics.
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100 W/cm? is our cooling limit
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|deal switch

What is the ideal transistor for low power application?

o
Q
o

Conventional

—_l
T L
Transistor

SS [mV/dec]

loFr

Y

cea sich rovsos B
Low SS (< 60 mV/dec)

CENTER FOR LOW ENERGY SYSTEMS TECHNOLOGY STARnet

High Igy (> 1000 uA/um)




Tunnel FET: Steep switching device

How SS < 60 mV/dec can be achieved in TFET?
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Main challenges of TFETs

1) Low ON-current 2) Sub-10nm scaling
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2D material TFETSs for |5y challenge

Although 2D materials provide the best gate control, depletion width avoids High gy
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|on challenge: Dielectric engineered TFET (DE-TFET)

How to increase E-field and decrease the tunneling distance in 2D TFETs?

Answer: Dielectric engineering

Device structure Idea

Electric field amplification
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DE-TFET Challenges

How to reduce the leakage between contacts?

Answer: Wokfunction engineering of contacts
Small spacing btw. contacts Solution

Small A = high transmission Landauer formula
TerpT = exp (—C vmiE, A)

Leakage
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Shorting 2 different metals on top - No leakage current
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2nd Challenge: Channel length scaling beyond 10nm

Scaling challenge Scaling consequences
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Best material choice for short channel TFETs

Best channel materials for TFET applications:
1) Low E,~1.2Vp,

2) High m*
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Best material choice for short channel TFETs

The solution of the scaling problem:

Shaded region: lo/lgeg > 10°
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Phosphorene TFET
Bilayer Phosphorene is ideal for TFET application

E, of Bilayer Phosphorene ~ 0.8 eV = 1.3 Vp
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L-shaped phosphorene TFET

How to use anisotropic effective mass of phosphorene to scale below 10nm?

Answer: L-shaped gate

Phosphorene nanoribbon
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L-shaped phosphorene TFET

How does L-shaped TFET work?

Successful scaling Top view of device
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Next steps:
1) Model and study the impact of trap and dopant states on the transport
properties of 2D TFETs.

2) Consider experimental non-idealities such as Schottky contacts and
compare the simulation results with experiments.
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