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Background

v' Accurate compact models are highly required.

v Development of compact models takes time.

v  Existing models describing individual device phenomena are not
successfully utilized in compact models.

v Complete models are required to verify model elements.

Solution

® Cooperation among different research groups

® Provide a common modular platform enabling to merge
different model components by plugging in modules



Establishment of International Cooperation
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Tasks

|. Platform:
v Provide a Verilog-A Platform

v Provide a Prototype of Modules

Il. Included Multi-Gate MOSFET Modules:
v Quantum Carrier Transport

v Mobility Model and Ballistic Effect
v’ Potential Solver
v’ Parasitic Effects



Subjects

1. Platform for Model Development

MG-MOSFET Model Development with the Platform

2. Microscopic-Phenomena Modeling
3. SOI-MOSFET Modeling

4. MG-MOSFET Modeling
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Modularization

[ Conventional Model Construction] [ Our Proposal |

Device Structure START
* 4 potential Calc.
POtentiaI CalC. ---------------------------------------------------------
¢ 4_‘ Quantum Mechanical Effect
Quantum MeChanlcaI Effect .................................
Short-Channel Effect CarrlerMoblllty
Carrier Mobility | ] s
+ 4_ Ballistic Effect
Ic.
Currerit Calc €| Current Cal.
Charge/Capacitance Cal. — Charge/Capacitance Cal.
* €4 parasitic Calc.
Parasitic Calc.

END ...... Modular Component Fran




Specific Feature of MG-MOSFET
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Results Obtained

START
4 potential Calc. 2.
‘_‘ Quantum Mechanical Effect 1

€| Current Cal.

- Charge/Capacitance Cal.

4 parasitic Calc. 3

D —— Modular Component Frame
® Charge-Based Modeling
® Potential-Based Modeling




1. Quantum Mechanical Effect
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Comparison of Inversion Charge Density vs. Vg
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Influence of T,, on Capacitance
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Influence of T, on Gate Tunneling Current
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2. Potential, Current, Capacitance

SOI-MOSFET
Modeling of Floating- Body Effect

Impact
onization

10 Iq with 1l

la wio ll

< :
L05| /° Symbols:2D-Device
= Lines:HiSIM-SOI
- Lo=1um Tsoi=50nm
0.0 ‘Vg=1"u" ) V5=EIU_
0.0 1.0 2.0



Short-Channel Effect in MG-MOSFET
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Comparison of Potential Dependency on T; & N,
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Capacitance (10-14 F)

C-V Characteristics
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Impurity-Concentration Dependence of Vi,
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Parameter Value Used in the Equation
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Different Devices/Applications
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lys-Vg1, Vg2 Characteristics
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UTB SOlI-like DG MOSFET

Asymmetry, independent
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Asymmetry, independent
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Surface potential & Centric potential v.s V
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Device Fabrication

Various Device Sizes for Verifying Developed Models



3. Parasitic Capacitance

e Consists of overlap (C,,) and
fringing (C;,) capacitance

* Fringing capacitance can be
further decomposed into outer
fringing (C,) and inner fringing
(C;) capacitance

= C; capacitance is relative
small in accumulation and
strong inversion.

« As a MOSFET always operates
at strong inversion at high
frequency, C; Is ignored.
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Fringing Capacitance Model

Comparison between model and 3-D numerical simulator
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Gate Resistance Modeling
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Gate Resistance Modeling
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Summary

Project NDMI (Nano-Device Modeling Initiative),
an international cooperative project,
IS aiming at:

® Creation of a Platform for Compact Model Development Based
on the Verilog-A Language
® Development of a Multi-Gate MOSFET Model with This Platform

g

A Modular MG-MOSFET Model for Circuit Simulation Offering
Continuous Enhancement Capability through the Plug-in of
New Modules from Different Contributors

Final Output:



