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Electron transport through semiconductor devices has been observed using Monte Carlo Simulation. The
parameters that have been observed are number of electrons in the Gvalley, L valley, and the X valley,
current dendty, kinetic energy, transit time. Effect of different scattering mechanisms has been considered
during simulation. The scattering methods are polar optical phonon scattering, heavy hole scattering,
ionized impurity scattering nonpolar acoustics optical phonon scattering. Emphasis has been given on
ternary AlxGal- xAs, GaxInl-xAs and AlxInl- xAs systems. Influence of scattering mechanisms on
electron velocity has been shown. Input parameters were temperature, dimension of the device, impurity
concentration (donor and acceptors).

INTRODUCTION

Semiconductor material sdection plays a vital role in developing semiconductor devices. Extensive
research in material has produced a number of compound semiconductors. Since the introduction of Monte
Carlo Technique in the application of high field transport in semiconductor devices by Kurosawa[ 1], only
recently it has received great attention[2]. Now a days semiconductor devices can be smulated using
Monte Carlo Toadl. As usua in semiclassica transport, the dynamics of the electron interactions is assumed
to be independent of the applied field and the collisons are assumed to occur instantaneously. The
electronic transtions of interest for charge transport in semiconductors can be classified as intravalley or
intervalley and in case of holes it would be intraband or interband. [3]

THEORY

The interaction of phonons with charge carriersis due to the deformation of the otherwise perfect crystal
produced by phonons through the deformation potential mechanism or through electrostatic forces
produced by the polarization waves that accompany the phonons. The first kind of interaction is typical of
covalent semiconductors; the electrostatic interaction, typical of polar materials, is caled piezoelectric
interaction for acoustic phonons, and polar interaction for optica phonons. The most important scattering
sources are phonons, impurities and other carriers. Furthermore, impurities can be neutral or ionized. In the
latter case the interaction is of coulomb type, whereas in the former the interaction is of much shorter range
and the overall effect of such impuritiesisin general much weaker. The phenomenainvolving trapping and
de-trapping of charges that can occur in semiconductors, such as ionization and generati on-recombination,
are important to be considered.

RESULT

Monte Carlo simulation has been performed [4] on devices of size .5 micron. For aloy composition of x =
0.4, Al,Gay.4As AlyIng, As and Gadlny,As drift velocity, current density, kinetic energy, percentage of
electron in G, X, L valleys, trangtion time have been measured. In al the cases impurity concentration
were taken as 2.9e15cm-3. Measurements have been collected for temperature T = 300k. For evaluating
ensemble averages al valleys have been treated. Polar optical phonon scattering, intervaley scattering,
non-polar acoustic phonon scattering and ionized impurity scattering were considered. Fig. 1 displays the
drift velocity as a function of electric field strength. It is found that AlGaAs has the least eectron velocity
compared to AllnAsand GalnAs.
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Fig 1 Drift Velocity of electronsfor Al,Ga;,AsAlyIn., Asand Ga,ln,, Asasafunction of field strength. For all

compounds alloy composition x = .4 at 300K for and donor impurity concentration at 2.9e15cm-3, device
length = .5 micron.

Fig. 2 shows the current density for all the semiconductors as afunction of electric field strength.
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Fig 2 Drift Veocity of dectronsfor Al,Ga;.x AsAlyIn, Asand Gaslny, Asasa function of field strength. Alloy
composition x = .4 at 300K and donor impurity concentration at 2.9e15cm-3, device length = .5 micron.

Fig. 3 shows electron kinetic energy for all the semiconductors as a function of electric field grength.
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Fig 3 Kinetic Energy of electronsfor AlxGal-x AsAlxInl-x Asand GaxInl-x Asasa function of field strength.

Alloy composition x = .4 at 300K and donor impurity concentration at 2.9e15cm-3, devicelength=.5
micron.



Fig. 4 shows thetransient time for al the semiconductors as a function of electric field strength.
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Fig4 Transent time of electronsfor AlxGal-x AsAlxInl-x Asand Gaxlnl-x Asasafunction of field strength.
Alloy composition x = .4 at 300K and donor impurity concentration at 2.9e15cm-3, devicelength=.5
micron.

Fig. 5 shows the percentage of eectron density for all the semiconductors as a function of electric field
strength.
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Fig5 Percentageof electrons Ng/N, N /N, Nx/N respectively in G, L and X valleysfor AlxGal-x As
AlxInl-x Asand GaxInl-x Asasa function of field strength. Alloy composition x = .4 at 300K
and donor impurity concentration at 2.9e15cm-3, device length = .5 micron.

CONCLUSION

For aloy composition of x = 0.4, AlGaAs shows the least electron drift velocity while GalnAs has highest
velocity specially in low field. At high field drift velocity starts to converge. Current density a so follows
the same pattern. Kinetic energy of electronsin AlGaAsand AllnAsare very low compared to GalnAs. On
the other hand, transient time in AlGaAs s higher than the other two semiconductors. Here also, transient
time converges at high field. In AlGaAs, lowest number of electronsresidein G valley, and highest number
of dectronsresidein X valey. In AlInAs, highest number of electronsreside in G valley and lowest



number of electronsresidein X valley, and in GalnAs highest number of electronsresidein G valley and
lowest number of electronsresidein X valey.
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