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Abstract

Currently a widely recognized channel backscattering theory finds potential
applications in the areas of nanoscale FETs. The theory prevails over the channel
quasi-equilibrium KkgT layer, a .critical zone near the thermal reservoir source.
However, the role of the kgT layer width, as-well as its promising potentials, has not
been fully explored yet. In this study,-a-series of experiments are conducted to
decouple the channel backscattering..coefficients in a 68-nm gate length bulk
n-channel MOSFET into two distinct components: the quasi-equilibrium mean free
path for backscattering and the width of the kgT layer. The kgT layer widths
obtained from various temperatures are transformed into near-source channel
conduction-band profiles for different gate voltages and different drain voltages. The
strictly confirmed conduction-band profiles are of value in the areas of channel
backscattering. They straightforwardly furnish guidelines not reported before, leading
to a new compact model for the kgT layer width I: (i) | is a weak function of gate
voltage in linear region; (ii) in saturation region | follows the amount of injected
carriers while the drain voltage tends to shift the | versus gate voltage curve; and (iii) |
o (kg T/q)? with the power exponent d (= 0.5) independent of temperature, gate voltage,

and drain voltage. Experimental 1-V characteristics are also reproduced as well.
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Figure Captions

Fig.1 (a) Schematic illustration of channel backscattering theory in terms of cross
section, and the conduction-band profile. F*, the incident flux from the source, is
located at the peak of the source-channel barrier. F is the incident flux from the

drain. (b) A flux model in the saturation condition.

Fig.2 A schematic flowchart for the procedure of extracting r. and separating /.
Fig.3 Square symbol is measured C-V data at temperature of 298K. The dash line is
from Schrodinger-Poisson simulation.and the solid line is from the Berkeley’s

C-V simulation.

Fig.4 Simulated inversion-layer-charge density versus gate voltage under T=298K,

263K, and 233K.

Fig.5 Simulated thermal injection velocity density versus gate voltage under T=298K,

263K, and 233K.

Fig.6 Schematic illustration of determining Cg from Q. -Vs plot.

Fig.7 Measured drain current versus gate voltage with T=298K, 263K, and 233K for

Las =90NM.

Fig.8 Schematic illustration of extracting V,,,by maximum g, method from drain
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current versus gate voltage plot.

Fig.9 Threshold voltage at V =0.025V versus L,,q With temperature as parameter.

Fig.10 Schematic constant current method of extracting AV, for DIBL.

Fig.11 Measured threshold voltage versus drain voltage with temperature as

parameter.

Fig.12 Extracted threshold voltage versus L,.q for Vp=1.0V.

Fig.13 Measured quasi-equilibrium:electron mobility versus effective field.

Fig.14 Electron occupation from quantum-simulation versus gate voltage under

T=298K, 263K, and 233K.

Fig.15 Extracted mean-free-path versus gate voltage.

Fig.16 Measured gate current versus gate voltage for different L, g, .

Fig.17 Extracted gate length versus L, g -

Fig.18 (a) Cross-sectional view of parasitic drain and source series resistances and (b)
equivalent circuit of MOSFET with drain and source series resistances

included.
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Fig.19 Extracted Ry, drain and source series resistance, and effective length versus

Lo -

Fig.20 Extracted backscattering coefficient, r., versus gate voltage for (a) Vp=1.0V,

(b) Vp=0.5V,and (c) Vp=0.1V.

Fig.21 Extracted kg T layer width versus gate voltage for (a) Vp=1.0V, (b) Vpb=0.5Y,

and (c¢) Vp=0.1V.

Fig.22 Fitting power exponents versus gate voltage.

Fig.23 Fitting parameter 7 versus: L, . -

Fig.24 Comparison of extracted- A4 / 4. -with-that from temperature method.

Fig.25 Comparison of extracted r, with that from temperature method.

Fig. 26 Extracted 4 versus gate voltage with different drain voltage.

Fig. 27 Transformed channel conduction-band profiles for (a) Vp= 1.0V, (b) Vp=0.5

V, and (¢) Vp=0.1V.

Fig. 28 Comparison of measured and calculated Ip-V¢ for (a) Vp=1.0V, (b) Vpb=0.5

V, and (¢) Vp=0.1V.
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