
Chapter 3

Materials and device fabrication
technology

Before discussing the experimental data in the subsequents chapter, here a brief
characterization of the used semiconducting materials and description of the fab-
rication process of the samples will be given. All semiconductor experiments de-
scribed in this thesis were performed on a two dimensional electron gas (2DEG)
hosted in an InAs/AlSb quantum well. Typical values for the mobilities and den-
sities in our 2DEG after the removal of the top layer are in the order of 1.2m2/V s

and 1.0 × 1016m−2 respectively. We were able to fabricate highly transparent
metal/2DEG interfaces by cleaning the InAs surface by means of a low energy
Ar-ion sputtering prior to ferromagnet deposition.
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3.1 InAs based 2DEG systems

In normal metals or semiconductors, real electrons move in a three dimensional
space. However, in certain semiconductor heterostructures, by means of careful
bandgap engineering, electrons can be trapped in a very narrow potential well that
restrict the movement in one dimension only to quantized levels so that transport
can occur only in the other two dimensions. The result is a two dimensional elec-
tron gas (2DEG). 2DEGs are usually obtained by the epitaxial growth of thin layer
of a low bandgap semiconductor, sandwiched between two high bandgap materials
that act as barriers. Moreover, by growing an extra doping layer, usually spatially
separated from the active layers by a spacer layer to improve mobility, the position
of the Fermi level can be controlled so that it is above the bottom of the conduction
band of the middle layer, therefore forming the 2D electronic layer. Compared to
normal metal these materials are attractive due to the very high mobilities, allow-
ing the study of ballistic transport, and the possibility to control carrier density by
means of an external gate.
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FIGURE 3.1. Schematics of the band structure of a InAs based 2DEG, neglecting the
band bendings. Usually, the bottom of the quantum well is not flat, giving rise to a built-in
electric field perpendicular to the well. This electric field is responsible for the Rashba
interaction.
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There are two main classes of materials that are regularly used as 2DEG sys-
tems: GaAs/AlGaAs and InAs/AlSb systems. Although if compared with GaAs/
AlGaAs systems, InAs based materials have lower mobilities and they are much
more difficult to gate (the to high leakage current through the AlSb barrier layer
limit the maximum gate voltage that can be applied), there is one clear advantage:
InAs does not form a Schottky barrier when brought into contact with a metal, thus
allowing the realization of highly transparent contacts between the metal and the
2DEG. This is due to the fact that InAs, unlike GaAs, which forms a Schottky
barrier when brought in contact to a metal, forms a surface accumulation layer,
therefore pinning the Fermi level in the conduction band [1].

InAs systems are a popular tool to investigate superconducting properties in
mesoscopic regime [2]. The presence of a strong Rashba interaction lead to an inter-
est in looking at the influence of the spin orbit interaction on mesoscopic transport
phenomena. The possibility to control the magnitude of the Rashba spin orbit cou-
pling parameter by means of gating (i.e. controlling the magnitude of the electric
field) has already been demonstrated [3,4]. Furthermore, the spin-orbit interaction
plays a crucial role in determining the persistent currents and the Aharonov-Bohm
effect in mesoscopic one-dimensional rings, where the spin orbit interaction in-
duces a Berry phase [5–7].

3.2 characterization of our InAs/AlSb heterostructures

The specific layer composition of the 2DEG used for spin injection experiments is
depicted in fig 3.2. The heterostructure has been grown epitaxially on an undoped
2” GaAs wafer by van der Graaf et al. in IMEC, Belgium. The thickness of the
InAs layer is chosen such that only the first subband (kz = 0) is populated (the
corresponding Fermi wavelength of the electron gas, λF ≈ 20nm, is of the same
order as the thickness of the quantum well.

The experiments described in chapter 9 were performed on a slightly different
wafer, G1763, where the 15nm InAs well has been sandwiched between two 40nm
thick AlSb layers. The AlSb layer has been protected against oxidation by a 10nm
Al0.3Ga0.7Sb layer. The role of the cap layer is to prevent the oxidation in the
atmosphere of the highly reactive AlSb layer.

The wafer have been characterized by using a standard Hall bar to measure the
magnetic field dependence of both the diagonal (σxx) and the off-diagonal (σxy)
components of the conductivity tensor. The Hall resistance (1/σxyB) is inversely
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30nm   Al0.3Ga0.7As

15nm    InAs   (active layer)

200nm   Al0.3Ga0.7As

20x  2.5nm   GaSb
        2.5nm   AlSb  superlattice

500nm   GaSb

FIGURE 3.2. Cross-section with the exact layer composition of wafer G2282. The 2DEG
is hosted in the InAs layer and the AlxGa1−xSb form the barrier layers. The GaSb/AlSb

superlattice has the role of releasing strain and insuring an epitaxial growth.

proportional to the carrier density. The same information can be extracted from the
beating pattern of the longitudinal magnetoresistance (Shubnikov-de Haas effect),
due to the formation of quantized Landau levels in high magnetic field. Typical
experimental data for Hall and Shubnikov-de Haas measurement can be seen in
fig. 3.3. The measured values for square resistance, mobilities and carrier densities
are synthesized in table 3.1.

We have characterized our wafer both with and with the top barrier layer re-
moved. The removal of the barrier layer increases the carrier density by a factor of
5-10, and reduced the mobility by approximately the same factor. This decrease in
mobility can be explained due to an increased surface scattering (the presence of a
sharp vacuum barrier forces the penetration of the electron wavefunction into the
bottom barrier layer, hence the increased scattering).
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FIGURE 3.3. Typical measurements for both longitudinal and transversal components of
the resistivity tensor for our wafers (Hall and Shubnikov de Haas effects). They allow the
determination of the carrier density and the mobility for our wafers

TABLE 3.1. Electron mobility, square resistance and electron density at 4.2K for our
wafers

material top barrier removed) with top barrier
G 2282 µ[m2/V S] 1.82 -

Rsq[Ω] 400 -
ns[1016m−2] 0.8 -

G 1864 µ[m2/V S] 1.16 8.0
Rsq[Ω] 350 150

ns[1016m−2] 1.4 0.45
G 1763 µ[m2/V S] 0.7 5.7

Rsq[Ω] 600 200
ns[1016m−2] 1.5 0.55
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3.3 sample fabrication and measurement setup

All samples were made by combining optical and e-beam lithography. The Au/Ti
contact finger pattern has been defined by optical lithography.

From technological point of view, the most critical part is the definition of the
conducting InAs channel. The best option is the use of wet chemical etching, as
this is expected to lead to sharp edges that produce specular electron reflection,
therefore preserving the high mobility of the 2DEG and reducing the probability of
surface spin flip scattering.

One of the known problem for InAs based heterostructures is the lack of very
good quality selective etchant for the top AlSb barrier layer [8]. The issue is the
very high underetch rate for standard etchants, therefore limiting their use in the
submicron regime. AlSb selective etching is a very critical technology step and
reproducibility is a serious issue. Although etchants that alleviate this problem
have been demonstrated [9], we chose to remove the top layer prior to all other
processing, in order to improve processability and reproducibility. It is known that
the effect of top layer removal is a strong reduction in the mobility of the electrons
due to increased surface scattering and an increase in the electron density. However,
we still expect that the spin flip length in the 2DEG to remain high.

After the InAs channel was defined by wet etching, the ferromagnetic elec-
trodes were deposited. InAs oxidizes in the atmosphere, and the native InAs is
insulating. A critical step is ensuring a transparent interface between the semi-
conductor and a metal. This was realized by means of low voltage Ar Kaufmann
etching. The procedure is known to induce a large number of defects in the InAs
layer [10], leaving a diffusive 3D region underneath the contacts. The issue of in-
terface characterization will be discussed in more detail in the last chapter of this
thesis.

The measurements described in this thesis have been performed by standard
ac lock-in techniques and most equipment is commercially available: Keithley 220
voltage sources, Stanford Research 830 DSP lock-in amplifier, Prema voltmeters.
The current sources were home built on the specifications of Delft University of
Technology. However, the measurements describes in the last chapter required
much lower base temperature, therefore they were performed in a Kelvinox dilution
fridge, with a base temperature in the order of 100mK. All leads were filtered by
a room temperature RC filters, and at 4.2K by a three series RC filter and a home-
made copper powder filter. The role of the copper powder filter was to filter high
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frequency noise, therefore reducing the electron temperature.



44 References

References

[1] H. Takayanagi, T. Akazaki and J. Nitta, Phys. Rev. Lett. 75, 3533 (1995)
[2] A. Chrestin, T. Matsuyama, U. Merkt, Phys.Rev. B 55, 8457 (1997)
[3] J.P. Heida, B.J. van Wees, J.P Kuipers, A.F. Morpurgo, T.M. Klapwijk and G.

Borghs Phys. Rev. B 57, 11911 (1998)
[4] C.M. Hu, J. Nitta, T. Akazaki, H. Takayanagi, Phys. Rev. B 60, 7736 (1999)
[5] A.G. Aronov and Y.B. Lyanda Geller, Phys. Rev. Lett. 70, 343 (1993)
[6] A. F. Morpurgo, J. P. Heida, T. M. Klapwijk, B.J. van Wees and G. Borghs,

Phys. Rev. Lett. 80, 1050 (1998)
[7] J. Nitta, F.E. Meijer and H. Takayanagi, Appl. Phys. Lett. 75, 695 (1999)
[8] C. Nguyen, Univ. of Santa Barbara, Ph.D. thesis, unpublished.
[9] A. Morpurgo, B.J. van Wees, T.M. Klapwijk and G. Borghs Appl. Phys. Lett.

40, 1435 (1997)
[10] P. C. Magnee et.al, Appl. Phys. Lett. 67,3569 (1995)




