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Abstract— The ensemble Monte Carlo simulation of deep sutpnigilicon MOSFET witt50 nm channel

length is performedThe effective threshold energy of impact ionizatiprocess in the MOSFET
calculated in the framework of Keldysh mc.

|. INTRODUCTION

It is known that in numerical simulations of integratectuwt elements with the reduction
their dimensionsparticularly deep submicron MOSFE, an account of impact ionization proces:
essential.The latter is caused by the fact that the ratengdaict onization in such elements can
comparable or even greater than the rates of a@ihesidered scattering processes as a result (
presence of high electric field strengfl, 2]. The main purpose of this study is the estimatio
effective threshal energy in deep submicron silico-channel MOSFET witl50 nm channel length in
the framework of Keldysh impact ionization mc.

[I. SMULATION MODEL AND RESULTS

The considered MOSFET structure is presented ir. 1. The MOSFET dimensions a
denoted in the same figur@ther parameters used in the simulation are tHewolg: gate oxide
thickness is 10 nmacceptor doping levels of the channel and substmteequal t5-16° m™ and
10** m™, donor doping level of the source and drain regisrequi to 1% m™. The calculations are
performed for the temperatuT = 300 K.
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Figure 1 -The cros-section of the simulated siliconaftannel MOSFE

Electron transport simulation in silicon conductioend is performed in the framework of -
effective mass approximation and inclucX andL valleys with account of nonparabolicity of t
dispersion relationElectron scattering processes are intray and intervalley phonon scatter,
ionized impurity scatteringglasmon scattering and impact ionization pro{1-4]. Hole transport in
valence band is simulated in the effective masgcqmpation in heav, light and split-off bands.
Scattering mechasms for holes are phonon and ionized impurity tecaigs. Nonparabolicity and
anisotropy are taken into accol5-7]. The electrostatic potential and electric field st are founc
via the solution of a corresponding t-dimensional Poisson equaticwhich is self-consistently
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incorporated into the Monte Carlo transport simal. Source,drain and substrate electrodes
modeled as ideal ohmic contacts and metal gaigpisased to be alumint.

To calculate the effective threshold energy of iotgionization process in the-channel
MOSFET the process was included into M-Carlo simulation as additional scattering mecha.
In the framework of Keldysh impact ionization modiesl scattering rat\W,(E) is expressed by so-
called Keldysh formula wit given threshold enercE, [8]
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whereE is electron energy is a fitting parametei\pn(Ern) is the total electrc-phonon scattering rate

at the energy equal . Thus the model has two fitting parametA and Ey, with Ey, = 1.2 eV for

"soft" andEn= 1.8eV for "hard" thresholc.

The effect of impact ionization process on someattaristics of a deep submicron MOSF
for both "soft" and "hard" threshold models wasdgtt, particularly, in[9] but holes were treated in
guasiequilibrium approximatio. In present simulation we used a "soft" threshold deh
with A = 0.38 [10].

The dependence of the effective threshold enEet versus the drain voltacVp for several
gate biase¥/ for the simulated MOSFET are presented ir. 2. As it can be se, it is possible to
conclude that the effective threshold voltage heerly linear dependence on the drain voltage fte
biases in the range from 11g1 V. The dependence can be apimated a

E,q =0,22V,+ 0,98 [eV] @)

At rather high drain biase(Vp > 3 V) when high electric field> 510" V/m) exists in the
transistor channethe effective threshold energy for "soft" thresholddel saturates at approximat
1,7 eV [9]. The obtained results are in a reasonable agreewiéimtthe results of11] where the
effective threshold energy was calculated in bulkca for uniform electric field with th
strength of 810" V/m.
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Figure 2 -The effective threshold energy in tchannel of the MOSFE

[1l. CONCLUSION

In this paper the effective threshold energy of actgonization process in deep submicr-
channel MOSFET was calculated in the framework eldiish "soft" threshold moc. The results of
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the simulation show the possibility of the use oéditting parameteA in the description of impact
ionization process. Threshold energwipriory known and can be approximated by linear dependence
versus the drain voltage.
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