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Analytical

Two-Dimensional

Model for Source/Drain

Band-to-Band Tunneling In Silicon DG Tunnel-MOSFETs

e The Tunnel-FET

is one of the promising device
structures due its quantum effect based current transport
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mechanism to go below the SSlope of 60mV/dec from standard .
bulk MOSFETs [1]. tox * toh
« Our modeling approach applies an analytical framework for two- VS+¢SS Vd+éd
dimensionally solving the electrostatics in double-gate devices
using the conformal mapping technique [2]. ox
 From the 2D potential profile, using the WKB approximation the o G Voo X

band-to-band tunneling current is analytically calculated.

Simplified structure and boundaries.

Tunnel-FET Band-to-Band Tunneling

« Symmetric Tunnel-FET structure.

- Highly doped source and drain area.

 Intrinsic channel area.

 Band bending caused by the gate potential
leads to a thin tunneling barrier between the
source valence band and the channel
conduction band.

« Electrons tunnel through the barrier (band-to-
band tunneling).

« Ambipolar behavior at drain junction takes
place for negative gate potential.

 Inour modeltrap-assisted tunneling has been
neglected.
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Tunnel-FET band structure with band-to-band tunneling at the
source-channel-junction.
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Results

« Tunneling current calculation with Fermi distributions for electrons and holes in source and channel,

respectively, and a quasi-2D analytical model for the band-to-band tunneling probability:
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« Tunnel-FET transfer characteristic for
modified model parameters.

« Comparing the results with simulations from
TCAD-Sentaurus.
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Tunnel-FET transfer characteristic for different channel widths.
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Tunnel-FET band structure with band-to-band tunneling at the
source-to-channel junction.
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TCAD Simulation Vd = 0.05V
Modell Vd = 0.05V
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Tunnel-FET transfer characteristic for different drain voltages.
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Tunnel-FET transfer characteristic for different channel lengths.
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