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Ballistic model
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Ballistic model (nondegenerate)
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“Traditional” VS model for the MOSFET
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Lecture 2.8
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Connecting the two: linear region

ballistic theory diffusive theory
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Meaning of “ballistic mobility”

E ballistic channel v, L

N/
strong scattering in the S/D regions I, < ﬂB%
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Ballistic mobility example
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(Thanks to Shuji Ikeda of ATDF for supplying these
devices in Dec. 2007)
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Connecting the two: saturation region

ballistic theory traditional theory
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Injection vs. saturation velocity
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Lecture 1.7

1674 IEEE TRANSACTIONS ON ELECTRON DEVICES, VOL. 56, NO. 8, AUGUST 2009

A Simple Semiempirical Short-Channel MOSFET
Current—Voltage Model Continuous Across All
Regions of Operation and Employing
Only Physical Parameters

Ali Khakifirooz, Member, IEEE, Osama M. Nayfeh, Member, IEEE, and Dimitri Antoniadis, Fellow, IEEE
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Question

Can we fit the empirical VS model to the ballistic
theory model?
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0, (VGS= Vos )‘ Oy [ |4 o~ Vos/ksl ]

If so, then what do the fitted parameters in the VS
model mean?
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Ballistic example
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(Parameters from a 30 nm ETSOI device
used (series resistance included).

Fig. 15.1 Fundamentals of Nanotransistors, World Scientific Lecture Notes, 2015.
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Ballistic example: discussion

Are the fitted VS parameters the expected values?

VS fit parameters:

v,, =1.24x10" cm/s

1, = 654 cm’/V-s

v, = 2"3{ m =0.19m,
aTm

v, =120x10" cm/s ‘/

UL
2k,1 /q

My L =30 nm

U, =692 cm®/V-s /
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Measured characteristics vs. ballistic theory
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Fig. 15.2 Fundamentals of Nanotransistors, World Scientific Lecture Notes, 2015.
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Measured vs. ballistic: 1llI-V HEMT
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Fig. 15.3 Fundamentals of Nanotransistors, World Scientific Lecture Notes, 2015.
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Summary

1) The apparent mobility and injection velocity in the semi-
empirical VS model have a clear, physical interpretation
In the ballistic limit.

2) SI MOSFETSs operate at a significant fraction, but well
below, the ballistic limit. (We will discuss why in Unit 4.)

3) -V FETs operate quite close to the ballistic limit.
(We will discuss why in Unit 4.)
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Unit 4

In Unit 4, we will learn how to describe transistors
that operate below the ballistic limit by including
carrier backscattering in the model.
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