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Antimonide based compound semiconductors have gained considerable interest in recent years due to their
superior electron and hole transport properties [1]. A Mixed anion InAs,Sb;., quantum well heterostructure
with high electron mobility of 13,300 cm®/Vs has already been demonstrated at a sheet carrier density of
2x10" /em?, albeit for a thick EOT quantum well (QW) structure [2]. A thin EOT structure is desired for
improving short channel effects while maintaining the high electron mobility in the QW. In this paper, we
study the low field electron transport properties in the high mobility InAs, gSby, quantum well as we scale the
QW heterostructure. Fig. 1(a),(b) show the schematic of the thick (Tow=12nm) and scaled (Tqow=7.5nm)
quantum well FET structure using InAsygSby, as channel material, Ing,AlygSb barrier layer and an ultra-thin
GaSb surface layer for avoiding surface oxidation of Al in the barrier [2]. Fig. 2(a),(b) show the simulated
energy band diagram of the two structures using self-consistent Schrodinger-Poisson simulation, indicating
strong electron confinement in the QW. The effect of nonparabolicity on thick QW with Tow=12nm has
already been studied and an effective mass (m*) of 0.043m, has been extracted experimentally [3]. For scaled
QW the subband spacing was adjusted in order to achieve electron sheet charge density as a function of
temperature, and the extracted density of states m'=0.05m, was correlated to the transport effective mass.
Experimental work to verify the obtained effective mass for scaled QW is underway.

Hall measurements were performed on the device layers by varying the temperature from 4K-300K. We
extract the dominant scattering mechanisms that are responsible for limiting the mobility at low and high
temperatures. The relaxation time approximation (RTA) applied to the Boltzmann transport equation is the
theoretical framework employed to estimate the scattering rates. The scattering of the electrons confined in the
quantum-well consists of a variety of mechanisms having unique temperature dependence which explain the
overall mobility characteristics of the fabricated heterostructure. The inverse of the total relaxation time, Ty ,
can be calculated from the sum of the scattering rates for the individual scattering processes. There are six
scattering mechanisms limiting the electron mobility: acoustic deformation potential scattering, polar optical
phonon scattering, remote ionized impurity scattering, alloy disorder scattering, interface roughness scattering,
and coulomb scattering due to charge trapped at the barrier and channel interface (Tamm States) [4]. The
scattering rates are finally derived using the Fermi’s golden rule.

Fig. 3 shows experimental and modeled sheet carrier concentration as a function of temperature in the
channel. The significant contribution from second subband mandates the inclusion of intersubband scattering
along with intrasubband scattering. Fig. 4 shows the experimental and modeled hall mobility vs temperature
for electrons in the InAsSb channel, indicating the dominant scattering mechanisms at various temperatures.
For 12nm thick quantum well, interface charge scattering from Tamm States is the primary source for limiting
mobility at both room temperature and low temperature. In the case of scaled quantum well of 7.5nm thickness
and Snm thick barrier, the remote ionized impurity scattering increases by 3x due to reduction in spacer layer
thickness, and interface roughness scattering increases by 75x because electrons are closer to the interface and
the perturbation in potential is much stronger than that in thick quantum well. Table I lists the parameter values
used for scattering calculation for mobility analysis using RTA.

Fig. 5 and 6 show transfer and output characteristics for the thick and scaled MOS-QWFET at room
temperature depicting enhancement mode operation for the scaled device. Excellent performance with an
Ion/Iorr = 700 over 1V Vgg swing is obtained for QW with Tow=7.5nm. Fig. 7 shows the pareto plot indicating
% contribution of different scattering components to total mobility at 300K for thick and scaled QW. This
provides a clear picture regarding the detrimental scattering mechanisms in each device.

In conclusion, high electron Hall mobility of 13,300 cm’/Vs at Ns=2x10'* /cm® is achieved on the
fabricated InAsysSbo, QW FET device with 12nm thick QW and 5,500 cm?/Vs at Ns=1.7x10" /em® is
obtained on scaled QWFET with 7.5nm QW thickness. Excellent agreement between experimental and
modeled results for a wide range of temperature has been obtained.
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