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NEW DEVICES
classical CMOS technologies +

forecast of the ITRS Roadmap = ?
New devices appear: GAA, 

FinFET, SON & planar DG MOSFET

90 nm 22 nm45 nm

Bulk CMOS FD SOI CMOS New devices

2004 2010 20162007

65 nm

(production)

� Excellent electrostatic control thanks to a better coupling between 
gate & channel (mainly for SG MOS)       better Ion/Ioff ratio

� Almost twice more Ion current than a classical MOSFET with one gate
� More flexibility thanks the second gate which can be independently 

driven for an IDG MOSFET
� Undoped film no more doping fluctuation in the channel

MODEL
To take advantage of this new device, designers need a model, 

particularly a compact model to design new circuits

INTRODUCTION

General Context
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ADG MOSFET:
� different gate oxide 
thicknesses
� and/or different gate 
functions

Front gate

Back gate

IDG MOSFET

M.Vinet et al, SSDM 2004

Drain

Source

Channel

IDG MOSFET: gates are 
independently driven

Tsi

0
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DrainSource Tsi
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Tsi: 10nm
Tox1 & Tox2:1.2nm
L: 10nm to 1µm

INTRODUCTION

Different Kinds of DG MOSFET
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PHYSICAL & MATHEMATICAL DIFFICULTIES

Basic Equations of an IDG MOSFET
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PHYSICAL & MATHEMATICAL DIFFICULTIES

Mathematical Difficulties

First difficulty
Two cases should be defined

Ψs1 Ψs2 i
Ψs1 Ψs2 Efermi

Ψs1

Ψs2
Ψs1

Ψs2

ψminψmin

Band Diagrams

Second difficulty
There is no exact solution of ψs1 & ψs2

To make physical assumptions
Simplifications Poisson equation

4 unknown parameters: ψs1Source, 

ψs1Drain & ψs2Source , ψs2Drain

Numerical resolution in the model code

ASYMETRICAL or INDEPENDENT GATE DEVICES       
not always a minimum of potential in the silicon fi lm: 2 CASES 

should be distinguished
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Long Channel Model

THRESHOLD VOLTAGE BASED COMPACT MODEL
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Qinv = Qinv1 + Qinv2PRINCIPLE

Now, ni (coupling factor) and Vthi (threshold voltage) should be 
expressed analytically and explicitly

i = 1 or 2

q is the electronic charge, Ni intrinsic concentration of carriers, ut is the thermal voltage Φimref the quasi level of Fermi 

of electrons in the channel,Vgi are the front and the back voltages and Coxi the front and the back gate oxides.

We know how to link the 
following equations
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Physical assumption in weak inversion at both interfaces : Transverse 
electrical field is uniform because the channel is undoped

1/ ni expressions, the coupling factors
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Long Channel Model

THRESHOLD VOLTAGE BASED COMPACT MODEL

2/ Vthi expressions, the threshold voltages

� Both interfaces are in weak inversion, inversion charges Qinv1 & Qinv2 are 
analytically expressed as:

� These expressions are identified with:
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Long Channel Model

THRESHOLD VOLTAGE BASED COMPACT MODEL
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2/ Vthi expressions, the threshold voltages
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3/ Strong inversion description

Vthlim : back interface 
is strongly inverted
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� We enlarge when both interfaces are 
at threshold            Vthi,lim is defined
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3/ Strong inversion description

Long Channel Model

THRESHOLD VOLTAGE BASED COMPACT MODEL

� We add a correction factor to model the non total screening of the 
channel by the inversion charge

( ) ( )( ) ( )( )xxnVVCxQ iimrefithigioxi

SI

invi εφ −−−−= 1.

Qinvi expressions, boundary conditions & the fact that the wea k inversion charge 
can be neglected, we get an explicit ε

i

ε
i
represents the dependence 

of a strong inverted interface 
versus its gate voltage

4/ Drain current expressions ( )∫−=
dsV
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We have a unified expression of the drain current
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Short Channel Model

THRESHOLD VOLTAGE BASED COMPACT MODEL
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evanescent analysis mode is used to get 
expressions of the electrical potentials in the silicon film

X. Liang and Y. Taur, 
“A 2-D analytical solution 
for SCEs in DG MOSFETs”,
IEEE TED, vol.51, n °°°°8, 2004.
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Valid in weak inversion!

*

*

*

To explicitly calculate the drain current, we assume that for the 
correction factor, the current is dominant in xmax & ymin
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Compact Modeling
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The drain current is written as the sum of a front & a back drain current

We want to write it as:

By identification, we get
explicit expressions 
of Vthi,sce and of ni,sce
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Unification of the different operating modes on the drain current 

Unification in V gi

Unification in V ds
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Short Channel Model 

RESULTS

Tox1=Tox2=1.2nm 

Tsi=10nm

L=30nm 

W=1µm

µ=constant
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Effects to add

– Threshold voltage based compact model
– Explicit short channel effects
– Included effects: Rseries, GIDL, gate leakage, mobility degradation…
– Results correspond very closely to numerical simulations  

Our compact model takes into account independent ga tes

Quantum Effects Ballistic Transport

CONCLUSION & PROSPECTS
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