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Introduction

B FINFET : Non-planar multiple gate MOSFET

B Quantum Mechanical Effects Ze
> Direct S/D tunneling  G
. t :
» Subband quantization ;Sourc..e,.. ‘5 Drain

B Scattering
» Phonon scattering

J

—

> Interface roughness |
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3D quantum transport simulation

based on NEGF method




3D NEGF Simulation

B Green’s function : G=|ElI-H,,. — Z]_1

B Eigen-mode expansion method Hgy. : Device Hamiltonian
Y : Self energy

j 3D electron density
Electric current /‘l =

y z Source Gate

Drain

B 3D Poisson equation

Self-consistent calculation




Scattering

B [ntra-valley phonon scattering .

> Constant matrix element : \M(q)|* = 5 0
PWo

iwp = 61.2meV, Dy =11.0x10"YeV/m

» Self-consistent calculation :
Scattering function <:> Green’s function
(Self energy) (Correlation function)
B [nterface roughness
> Random roughness patterns :  A(y) eV (y) o(r), m(r)

> Gaussian form : (A(r)A(r")) = A2e—(r—r")/A?

Average displacement : A,  Correlation length: A



¢ Gate Drain

Gate length :  Lgaee = 9nm
Length: L =29nm
Width: W = 6nm
Height: H = 11nm

Si1@)?

SiO2 thickness : fox = 1 nm

Source / Drain : Np = 10®¢cm™3

Gate : Ny = 10%cm™



Electron Density

Electron density profile
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Electron-Phonon Interaction
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Device Characteristics
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Phonon scattering
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Phonon Assisted Tunneling

Phonon scattering reduces current
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Phonon Assisted Tunneling

Phonon scattering reduces current
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Phonon Assisted Tunneling

Phonon scattering reduces current @

Very low channel barrier

Tunneling current can be neglected

Djen:E Drain currentis reduced

Source Gate

by phonon scattering



Interface Roughness
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Effect of Interface Roughness

0 v,=05V i > Roughness : 10 patterns

» Threshold voltage (Vin)
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Summery

B \We have simulated I3—V, characteristics of the 9nm gate-
length FINFETSs by 3D NEGF simulation including the intra-

valley phonon scattering and the interface roughness.

B The phonon scattering reduces only the on-current.

B The interface roughness affects not only the on-current
but also the off-current.

B | arge fluctuation of the threshold voltage is caused by
the interface roughness in the ultra-small FInFETS.



