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Compact modeling of multigate MOSFETs

Why using more than one gate in field effect transistors ?

- Better control of ‘electrostatics’ in the channel.

- Less ‘2D’ induced drain effects, i.e. less short channel effects.

- If undoped silicon, improved mobility with ‘no’ random dopant 
fluctuations.

- No substrate voltage dependent depletion , i.e. ideal subthrehold
slope (60 mV/dec)
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Compact modeling of multigate MOSFETs

Different architectures:

• The double gate MOSFET

Independent gates offer two options: 

Symmetric operation

Asymetric operation

• The Gate All Around (nano wire) MOSFET

• The FinFET
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Compact modeling of multigate MOSFETs

Two principles of operation for MUGFETs:

- Inversion mode operation: 

• Almost undoped silicon

• Junctions are created for source and drain

• The current flows mainly at Si/SiO2 interfaces

- Depletion-Accumulation operation:

• Highly doped silicon

• No source and drain junctions (junction less devices)

• The current flows in the volume, and not at the interfaces.
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The symmetric junction based DG MOSFET model.

• Charge based model (not VT based)

• Charge conservation ensured

• Q-V and I-V analytical relations

• Explicit Q-V dependences

• Short channel effects and QM corrections included

• Complete CV quasi – static model

Compact modeling of multigate MOSFETs: 
the undoped DG MOSFET
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Core of the generic charge based model:

Normalized drain current:

Normalized charge-potentials relationship:

Normalization:

Compact modeling of multigate MOSFETs: 
the undoped DG MOSFET
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Quantum shift of the fundamental energy level: 2 contributions
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Principle of the quantum mechanical corrections

Compact modeling of multigate MOSFETs: 
quantum confinement effects
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These quantum corrections are included analytically:

New charge-potentials relationship:

Normalized drain current expression:

‘only ‘ and  additionnal term
in the drain current

expression
No empirical parameter is needed

Compact modeling of multigate MOSFETs: 
quantum confinement effects
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The doped DG MOSFET and the equivalent-thickness concept

Including the doping Na in the
Poisson’s equation,

Energy diagram of an P 
type doped Si channel

… but then, no analytical solution can
be found ...

Compact modeling of multigate MOSFETs: 
Doped DG MOSFETs
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Equivalent thickness Mobile charge density

…but if we define an equivalent thickness, which is doping dependent, 
we can still used the undoped core model 

Tsi = 40 nm

20 nm

10 nm

Compact modeling of multigate MOSFETs: 
Doped DG MOSFETs
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Principle of multigate MOSFETs ‘planarization’
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Key parameters: Teq, Weq and Cox_eq

Compact modeling of multigate MOSFETs: 
Arbitrary undoped multigate MOSFET geometries
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Gate

Tox

WSi

Triangular Gate

Validity of the generalization for a Triangular Gate MOSFET:

Generalization of geometrical parameters:

Compact modeling of multigate MOSFETs: 
Arbitrary undoped multigate MOSFET geometries
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Generalization of geometrical parameters: 
equivalent gate capacitance

Compact modeling of multigate MOSFETs: 
Arbitrary undoped multigate MOSFET geometries

Generalization:
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Compact modeling of multigate MOSFETs: 
Arbitrary undoped multigate MOSFET geometries

Generalization of geometrical parameters: 
Model vs Measuremement on a long channel TG FET 
(Intel data)



Jean-Michel SALLESE - EPFL

Compact modeling of multigate MOSFETs: 
The junction less DG MOSFET

The current flows
inside silicon

Looks like a JFET in which junctions have been replaced by oxide

layers and gate electrodes

Neutral region
carrier density = ND

Depleted region

Drain ND
+Source ND

+

Gate

Gate
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The ‘junction’ DG MOSFET solution is no longer valid .

A new approach/model is needed. 

Compact modeling of multigate MOSFETs: 
The junction less DG MOSFET
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If the device operates in depletion, we obtain:

If the device operates in accumulation, we obtain:

The current can then be calculated for both regimes

… but it may also happen that part of the channel is in ‘depletion’, 

and part is in ‘accumulation’ : the hybrid channel case.
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Compact modeling of multigate MOSFETs: 
The junction less DG MOSFET

AccumulationDepletion

In this region, 
the mobile 

charge ~ VG
0.5

Cannot be
predicted by 

‘junction based’ 
DG models .

… looks like
‘junction based’ 

DG models .
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Compact modeling of multigate MOSFETs: 
The junction less DG MOSFET

Current -voltage characteristics of highly doped DG JL FET versus 
TCAD simulations. 

Continuity is ensured in all regions of operation.
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Compact modeling of multigate MOSFETs: 
The VESFET

Current research on ‘VESFET’ technology.

Fabrication and Modeling asymmetric operation in junction less

devices with independent gates.

-


