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ABSTRACT

Due to its high electron mobility at room
temperature and its narrow band gap of 0.17 eV,
Indium Antimonide (InSb) has a great potential
for very low power and extremely high frequency
applications. Previous simulations [1] on a high-
speed 200 nm quantum well transistor described
in [2] predicted very good performance in terms of
cut-off frequency and bias requirements. However,
the need for high integration scale implies smaller
transistors, such as the sub 50 nm SOI MOSFETs
demonstrated by Intel [3]. The design of such
devices requires the implementation of efficient
and accurate CAD tools.

In this work, we model and simulate an 85 nm
AlInSb/InSb quantum well transistor by using a
particle-based, full-band simulator based on the
Cellular Monte Carlo (CMC) method [4], [5].
The geometry and doping profile of the simulated
transistor are shown in Fig.1. The layout consists
of a 160 nm unintentionally doped Al0.2In0.8Sb
substrate, a 20 nm thick InSb channel, a 5 nm thick
spacer and a 45 nm thick Al0.2In0.8Sb barrier. A
δ-doped donor layer (1.3×1012 cm−2) is located
between the spacer and the barrier to increase the
electron mobility. The transistor has an 85 nm gate
length and a source to drain separation of 750 nm.
Fig.2 shows the conduction band profile obtained
with this layout. The quantum well where the
charge transport occurs can be easily seen in the
channel.

The InSb electronic band structure (Fig.3) used
for the simulations is computed using the empirical
pseudopotential method [6]. Momentum-dependant

scattering rates are computed according to the work
of Fischetti and Laux [7], and tabulated within the
CMC framework, while the full phonon spectra
are obtained with the 14-parameter empirical shell
model [9]. Quantization effects are accounted for
by using the effective potential technique [10].

The complete static and dynamic characterization
of the simulated quantum well transistor as well as
the noise analysis will be presented. The static and
dynamic parameters, such as I-V curves or cutoff
frequency (ft) will be extracted showing all the ad-
vantages of the Indium Antimonide technology; the
cutoff frequency will be compared with traditional
Si MOSFET, technology and a comparison with
recently published experiments [11] will be shown
as well.

REFERENCES

[1] J. Branlard, N. Faralli, T. Dutta-Roy, S.M. Goodnick,
D.K. Ferry and M. Saraniti, Springer Proceedings in
Physics Series, in press, (2006)

[2] T. Ashley et al., Novel InSb-based Quantum Well Transis-
tors for Ultra-High Speed, Low Power Logic Applications
IEEE, (2004).

[3] R. Chau et al., IEDM Technical Digest, 621, (2001).
[4] M. Saraniti and S.M. Goodnick IEEE Transactions on

Electron Devices, 47, 1909, (2000).
[5] M. Saraniti, J. Tang, S.M. Goodnick and S.J. Wigger

Mathematics and Computers in Simulations, (2002)
[6] J.R. Chelikowsky and M.L. Cohen, Physical Review B, 14,

556, (1976).
[7] M.V. Fischetti and S.E. Laux Physical Review B, 38, 9721,

(1988).
[8] G. Gilat and L.J. Raubenheimer, Physical Review, 144,

390, (1966).
[9] M.V Fischetti, N. Sano, S.E. Laux and K. Natori, Proc

SISPAD’96, (1996).
[10] D.K. Ferry, Superlattices and Microstructures, 27, 61,

(2000)
[11] S. Datta et al., in International Electron Devices Meeting

Conference. IEEE, (2005)

N. Faralli



Fig. 1. Schematic layout of the simulated quantum well
transistor. The dimensions are indicated in nm.

Fig. 2. Profile of the conduction band underneath the gate.

Fig. 3. Band structure of InSb computed using the empirical
pseudopotential method.




