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Non-Classic CMOS:
A Promise for CMOS Limit

Q Excellent Scaling Characteristic
a Low sub-threshold leakage

a High drive current
a Low parasitic effect

a High integration density
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Challenges of Non-Classic Device Modeling
Complex Vth behavior
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Challenges of Non-Classic CMOS Modeling

Complex shape---Corner effect
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Challenges of Non-Classic Device Modeling
Quantum-Mechanic effect(1-D, 2-D)

The physical picture QM effect on |-V characteristics
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Challenges of Non-Classic Device Modeling

Volume inversion effect
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Carrier-Based SRG Model
( Device structure and energy diagram)
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Carrier-Based SRG Model
( Basic device physics)
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arrier-Based SRG Model
( Model derivation)
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Boundary Conditions
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arrier-Based SRG Model
( Model derivation)
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Boltzmann statistics
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Carrier-based potential solution
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Carrier-Based SRG Model
( potential and electron distribution)
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Carrier-Based SRG Model

( Volume inversion)
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Carrier-Based SRG Model
( I-V Model)

Analytic current formulation

2
2zwe | 2kT
Ids — ﬂ - ( j F[nOs’nod]

q

where

F[nosv nod] =
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Carrier-Based SRG Model
( Comparison of model and simulation)

1 Mild g:‘:lp glate. 1 ' 1 1.4x10° v T v T v T
B B _ . ® Dessis 3-D simulation
0.01 | vV, =1V R=12.5nm n 19%10° F our model
1E4 on: 1r':nm - Mid-gap gate
— L L=1p 4 — 5L  R=2.5nm -
< el 1< 1o’ F2em
c i 1E goxtotf 7
o 'E8[ 10 7
S 1E-10}F e Dessis 3-D simulationd{ > 6.0x10°
O (E-12 - Carrier-based model 4 O
£ L i -% 4.0x10°
© 114} 15 -
0O - . 2.0x10°
1E-16 | - i
. 1 . L N 1 N 1 . 1 ] 0.0 L 2 N N
e 05 10 15 20 00 0.5 1.0 1.5 20

L,

Gate Voltage (V) Drain V°'t39_e (V)"”"f\ 5 A



Ulp
&7 $ < \f?
D i

598 Peking Umversuty

Carrier-Based SRG Model
( Conductance Model)

Analytic output-conductance
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Carrier-Based SRG Model
Comparison of model and simulation)
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Summary

a Many challenges for non-classical CMOS modeling
Q Carrier-based theory is a good first step for MG modeling
a Unified model theory dream for bulk and non-classical

0 Good research topics for doping, QME of SRG




