Capacitance Modeling of Short-Channel
DG and GAA MOSFETs

H. Barli, S. Kolberg, T. A. Fjeldly
Norwegian University of Science and Technology (NTNU)
University Graduate Center (UNIK)
Kjeller, Norway

Gate :
' Oxide t, . o ' .
y /////// ///
// /
éﬁ . O 3 \\\\\\\\&\\\\; // ,
= S, -
o =
D
| Oxide T”z

Gate

UNIVERSITY GRADUATE
CENTER



Overview

Objectives:

« Establish framework for precise modeling of drain current and
capacitances of short-channel nanoscale MOSFETs

Procedure :

» Decompose Poisson’s equation into a Laplace equation and a
residual Poisson’s equation (superposition principle)

» Capacitive inter-electrode effects
- From 2D Laplace equation determine potential distribution associated
with capacitive inter-electrode coupling.
- Use this to calculate subthreshold electrostatics, drain current and
capacitances

* Near and above threshold
- Apply residual Poisson’s equation, boundary conditions, and modeling
expressions to determine self-consistent device properties

« Strong inversion
- Can use long-channel approximation
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DG device layout
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Device specifications:

L=25nm, t; =12 nm, t,=1.6nm, &, =7t =t &/ .& N, = 1x10%cm3
Near-midgap metal with work function 4.53 eV

Idealized Schottky contacts with work function 4.17 eV
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Conformal mapping
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Schwartz-Christoffel transformation
L F(k,u+iv)

Z=X+ly=—
Y 2 K(k)

w dw'
F(k,w) = . K(K)=F(k1
W ro]\/(l- W'z)(l- sz.z) (=R

Modulus k determinded by H/L

/"1
UNIVERSITY GRADUATE
CENTER



Potential distribution (thin oxide approx.):

Inter-electrode electrostatics

SolveLap!l acebsin(ag+planei on

Obtain analytical solution for 2D inter-electrode potential distribution
Map back to (x,y)-plane

Apply to subthreshold
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Corner correction

Potential through oxide gap modeled by one-corner conformal mapping

A Y1/t “Potential profile
: 08 through oxide gap
18k Equipotential lines 2
*°l — — — E-fieldlines | [s07
16 E-field from corner / E‘
O = = = Oxide gap / 506
1.4_ [~ “/_‘ ‘_Q.S
/
1.2 =/~ % 2 da_~06
Drain/Source contact |- S ’ ox
~
1 \ j T T T N 7 N
o8 PP N
B T T U N\ e
S S e S B S U (S
08f———+— T &=\ v ]
T\ |__,_\4\.f--f-f "\ N
0'43— L R I
0 29;J S N —1——1——74-—.—*_ ‘{_ \ o P
g [N R N ERE TS S \
OH | | | | [ Ly ! |
Gate contact 2;.=0.33%5, X,
-1 -0.5 0 0.5

Voltag? vl

0.8+ /4

o
~

e 7
//’//////////,ﬁﬁ///////,,’//////,,j/////

////

o

Potential distribution with corner correction
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Procedure for GAA MOSFET
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* Observe structural similarities with 2D DG MOSFET potential

AMajor difference: Field penetration into body from S and D electrodes, determined
by characteristic lengths:

a t, 0 1. e & t,0
e \/26’ @"' g.ox, /GAA_rsi\/Z+—26 |n§+r§

SI OX_

* Map 3pg from DG device with length L, = o L into GAA MOSFET body
cross-section with length L / G

* Resulting error in the mV range in GAA potential.
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Subthreshold verification
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Self-consistency near and above threshold

Initialization of
Veand set End P
d%p/dx*=0. g ;
Qs (Y)
Estimate or Model /4 e
update @°. and Ve. Gate 2
v £
Model ¢ on Threshold voltage (Vpg=0V):
symmetry lines. Model ¢ on _ _
Update d’p/dx? G-G grid lines. Defined as Vg for which
LS @gc (Y) = const = Vg - Vg
Model Si-SiO: Find for our devices:
interface-
potential. V;(DG) =0.25V, V;(GAA)=0.23V
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Above-threshold verification
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Drift-diffusion drain current modeling
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Comparison between transport mechanisms in DG
MOSFET using numerical simulations (ATLAS)
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Drain current modeling
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Modeled drift-diffusion (DDm) |-V characteristics for DG and GAA MOSFETSs.
Comparison with numerical simulations (ATLAS)
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Capacitance model

«  GAA and symmetric DG
devices described by 9 trans-
and self- capacitances Cyy, of
which 4 are independent

« C,y reflects the change of
charge associated with
electrode X due to a small
variation in the terminal
voltage V:

CXY - OU'QX
MV
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Subthreshold capacitance

Gauss’ law: Charge assigned to a terminal is given by the perpendicular
displacement field at that electrode
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Modeled DG capacitances

Above threshold: Effects of inversion electrons included self-consistently
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Modeled GAA capacitances
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Summary

2D current and capacitance model framework
developed for short-channel nanoscale DG
MOSFET by means of conformal mapping
techniques.

The effect of inversion charge included in a
self-consistent manner.

Model verified by numerical simulations
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