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Highly-sensitive Sb-based Quantum-well 2DEG-Hall Device
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Abstract ; The highly sensitive Hall device made of InAs/AISb quantum-well structures pseudomorphically grown on
the GaAs substrate by molecular beam epitaxy has been developed. The advanced InAs/AlSb Hall device includes
double 8-doped layers, which significantly elevate the sheet electron density. Moreover, electron mobility is increased
from 15000 cm” - V™'« 57" 10 16 000 cm® + V™' - 5" at room temperature, compared with that of an unintentional-
ly doped AlSb/InAs Hall device. AFM measurement results show a smooth surface morphology and high crystalline
quality of the samples. The quantum Hall device can be operated in the temperature ranging from 77 K to 300 K.
Hall measurements show different scattering mechanism on electron mobility at temperature range. The advanced
highly-sensitive InAs/AlSb heterostructure two-dimensional electron gases (2DEG) Hall device including double 8-

doped layers is promising in near future.
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} widely used magnetic sensors today. Their future
1 Introduction . :
mainly depends on whether means will be deve-

The Hall effect devices are by far the most loped to enhance their sensitivity and improve their
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temperature stability. The use of two-dimensional
electron gases (2DEG) already demonstrated to give
the best compromise between high mobility and high
carrier concentration while maintaining a reasonably
high sheet resistance''’.

The criterion for a good material Hall magnetic
sensors is a low carrier concentration and a high car-
rier mobility which is difficult to meet?’. As a small
band gap means a high intrinsic carrier density,
InSh(E, =0.18 V) and InAs(E, =0.36 eV) bulk
crystals do not meet the criterion, especially above
room temperature, although they have high carrier
mobility. The majority of Hall magnetic sensors are
made of Si and GaAs during the past decades. Their
stability at high temperature and the possibility of
using mature technology outweigh the drawback of
small carrier mobility. As the epitaxy technology de-
veloped, InSb and InAs thin films were considered
to produce Hall elements and the researchers made
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great progress
characteristics of InSb thin films show a great differ-
ence from the bulk crystal. InAs films are a kind of
promising material for magnetic sensors because of
their larger band gap than InSb and higher electron
mobility than GaAs'®®’.

In this paper, we report on a comparative study
on the sensing performance and temperature stability
of undoped and double 3-doped InAs/AlShb quantum
well structures for the application in Hall sensors by
MBE technology. Moreover, the influence of the
measurement temperature on the sheet electron den-

sity and electron mobility is investigated.

2 Experiments

The Hall devices were grown on semi-insulating
GaAs substrates by molecular beam epitaxy MBE.
Nucleation layers of GaAs were firstly grown to en-
sure good starting conditions for the subsequent dep-
osition of buffer layers of approximately 700 nm
thickness. The standard buffer layer stack consists of
AlGaShb that was followed by 50 nm AlSb. The buff-
er section was finished by growing a short-period
the InAs/AlSb

quantum well structure was grown. The wafer was

smoothing superlattice.  Finally,

capped with dual layers of InAlAs and InAs, which
placed the top of the InAs quantum well channel.
The heterointerface was forced to be InSb like by
using an appropriate shutter switching sequence.
Hall mobilities and carrier concentrations were deter-
mined using van der Pauw method.

Two different layer samples were grown and
processed. The schematic structures of two samples
are shown in Fig. 1. Sample I is a conventionally
undoped quantum well structure with an InAs quan-
tum well thickness of 15 nm. Sample I consists of
double & doping. The first Si d-doped layer is in-
between undoped AlISb barrier and supply layers,
which was grown after a lattice matched undoped
700 nm AlGaSh buffer layer. 15 nm InAs channel
was grown as same as that of Sample I , then highly
tensile and undoped AlSb spacer with thickness of
5 nm was grown, followed by the second Si 8-doped
layer. Wet chemical etching techniques were used

(1], Afterwards, Ohmic contacts

for mesa isolation
were made using Ti/Pt/Au metal. Fig. 1 shows the

cross sections of the sample I and sample II.

Fig.1 Schematic structure of Hall devices epitaxial layers.
(a) Sample I, unintentionally doped. (b) Sample
I, double 3-doped.

3 Results and Discussion

Two types of Hall devices were tested, shown in
Tab. 1. Sample I represents a conventional Sh-based
Hall device, and it is being used as reference in this
study. Sample Il with the double 8-doped AlSb/InAs
quantum well exhibits higher electron mobility and
higher electron density. As the table shows, the room-
temperature sensitivity of 96 mV + mA~' - kG™' -
kQ ™" was achieved for the Hall devices based on the
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double Si-8 doped AlSb/InAs quantum well structure
sample. The high mobility of the double 8-doped
AlShb/InAs quantum well structure is advantageous to
the high sensitivity for Hall devices. The higher sheet
carrier concentration can improve the operation sensi-
tivity. Thus, the double 8-doped AlSb/InAs quantum
well structure for a Hall device is designed with the
goal of improving its sensitivity.

To check the dominant scattering mechanism in
determining the electron mobility in 2DEG layer,
Hall measurements were performed from 77 K to 300
K on two samples. Electron mobility with high elec-

! with

tron sheet density of 15 000 cm® - V™' - s
4.52x10"/cm®, and 16 000 cm® - V™' + 57" with
7.71 x10"/cm® were achieved from epitaxial struc-
ture sample I and II at room temperature, respec-
tively, employing van der Pauw Hall measurement.

The measured results of samples 1 and II are listed

in Tab. 1. Fig.2 shows the measured electron mobil-
ities from 77 K to 300 K as a function of different
measurement temperatures. As can be seen from
Fig. 2, two distinct temperature dependences of elec-
tron mobility can be observed. From 300 K to 175
K, the electron mobilities vs. temperature for sample
I and II shows identical variation trend and the
acoustic phonon scattering is the dominant scatter-
ing, which results in all of them in T~ temperature
dependence''. This also agrees very well with ear-
lier reports from other researchers. However, in the
temperature lower than about 175 K, the variation

At low

temperature , the phonon scattering is weakened be-

trends split and show obvious difference.

cause of the weak vibration of atoms, thus the domi-
nant scattering mechanism is the ionized impurity
scattering, which shows the electron mobility will be

only related to N ' doping concentration.

Tab.1 Characteristics of two samples of Hall devices

. Mobility/ Sheet density/ Input resistance/ Output resistance/ Sensitivity/
Sample (em® - V7' es7h) em ™2 Q (mV-mA™" - kG - kQ™")
| 15 000 4.52 x10" 505 509 48
I} 16 000 7.71 x10" 215 217 96
channel by thermal-excitation. Otherwise, a sharp
N i;— :;:::l: Hl (;:]’;)‘]’:'f:“;‘::g]::g”"” decrease of electron concentrations will be observed
_‘, 35 T fit at 77 K as a result of the fact that most intrinsic
E 30 electron is unionized at such low temperature range.
g 25 Inserting double Si 8-doping on both sides of the
Ei 20 quantum well, the sheet electron density up to 7.71 x
= 1(5) 10”/cm® has been obtained.
100 150 200 250 300 The 5 pm x5 pm AFM micrographs of sample
T/K

Fig.2  Electron mobility vs. temperature for sample I and

sample I

In Fig. 3, the sheet electron densities of these
two samples are shown with measurement tempera-
ture from 300 K to 77 K. As can be seen from this
figure, the sheet electron density keeps almost con-
stant for the samples in different temperatures and
becomes less temperature dependent, which indi-
cates that high mobility two-dimensional electron gas

does not consist of intrinsic electron generated in the

10
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Sheet dencity/(10” cm™)
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T/K

Fig.3  Sheet electron density vs. temperature for sample |

and sample [l
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II are showed in Fig. 4. The surface root-mean-
square roughness and peak-to-valley height are 0. 73

nm and 10. 2 nm respectively, indicating a smooth

surface morphology. As can be seen from Fig. 4,
mounds with spiral steps but without obvious anisot-

ropy were found on the surface. Besides, surface

(a) cracks are one of the critical reasons of carrier mob-

ility reduction.

4 Conclusion

102 In conclusion, two different InAs/AlSb hetero-
.4 nm
y: 5.0 pm structure 2DEG-Hall devices with different doping con-

0'nm centrations were grown and characterized. Van der

x: 5.0 pm

Pauw measurements show electron concentrations as
high as 7. 71 x 10”/cm” at room temperature. AFM
measurement results show a smooth surface morphology
and high crystalline quality of all the samples. Hall
measurement shows that the electron mobility is limited
by phonon scattering from 175 K to 300 K but is deter-
mined by the ionized impurity scattering below 175 K.
The sheet electron density is almost independent with
temperature from 77 K to 300 K. Moreover, further op-
timization of the double 8-doped AlISb/InAs quantum

Fig.4 5 um x5 pum AFM micrograph of sample II. (a) well structures growth should lead to an even better

Three-dimensional. (b) Two-dimensional. micro-Hall devices performance.
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