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Abstract. In this study, we look at the advantages of (111) GaAs substrate over (001)
one, when used to grow Hall devices by MBE. In top of that, we explore the consequence
of a modified design of modulation doping pseudomorphic AlGaAs/InGaAs/GaAs, and
we suggest a new quantum well structure for a Hall device grown on (111) GaAs
substrate, with the objective of improving its performances. From self-consistent
calculations, we find that the electron concentration n, in the interface region is
enhanced. This implies that one can have a wider spacer layer and still have the same n;
with the result that the mobility is improved. This result should be valuable for many
types of devices. We specifically consider Hall sensors, where it is desirable to have a

low electron concentration and high mobility.
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1. Introduction

Semiconductor magnetic field sensors such as Hall
devices are widely used in many industrial and
domestic applications. In recent years, Hall sensors
using modulation-doped AlGaAs/InGaAs have been
proposed [1-3]. Hall devices based on pseudomorphic
heterostructures have attracted increasing interest
recently by virtue of their high electron mobility
combined with moderate sheet carrier densities, low
temperature dependence of the output Hall voltage and
large signal-to-noise ratios [4]. The AlGaAs/InGaAs
system deserves special attention in this respect. It is
the system of choice in the design of high-speed
devices and RF circuits. Modulation-doped hetero-
structures with a high electron mobility and low
electron concentration can be used to achieve very high
magnetic sensitivities [5].

Hall effect devices are by far the most widely used
magnetic sensors today. Their future mainly depends on
whether means will be developed to enhance their
sensitivity and their temperature stability [6]. The key

parameters for such devices which determine their
sensitivity to magnetic field are their high electron
mobility and low electron density. In a previous study,
we have investigated the effect of piezoelectric field
built in AlGaAs/InGaAs/GaAs pseudomorphic HEMT
grown on (111)A substrate, and we have found that both
electron density and mobility are enhanced [7]. In this
paper, we combine results determined both in [6] and
[7], and we report the design of a new two-dimensional
electron gas Hall device based on AlGaAs/InGaAs/GaAs
heterostructure, which was particularly optimized for
low magnetic field measurements. Charge density
profiles, total 2D electron densities, and sensitivities are
calculated from coupled Schrodinger and Poisson
equations. The main idea is to substitute a (111)A GaAs
substrate to (001) one and to increase the mobility
without decreasing the carrier concentration by means of
special doping profile. Instead of having a d-doped layer
in a homogenous Al,Ga;(As barrier material, we
consider the possibility to have the donors in a narrow
quantum well embedded in the barrier with a lower
aluminum concentration than the rest of the barrier.
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2. Device structure

The structure under investigation is presented in Fig. 1.
It consists of Si-d-doped Aly33Gagg;As layer, an
In,Ga,yAs thin layer and a p-type GaAs buffer layer.
The Si d-doped layer with a Si sheet concentration
2:10"%cm? is separated from the QW by a variable
thickness spacer layer. The conduction electrons are
located in the 2D channel formed by the In,Ga,  As layer
with In composition y = 0.15 and thickness close to
10 nm. The role of the undoped spacer layer is to confine
the electrons in the channel and to increase their
mobility by separating the ionized donor atoms from the
channel. The value of 10 nm of the channel width is
dictated by the optimal In composition y = 0.15 from the
viewpoint of of the crystal structure quality. Larger
thicknesses in strained structures with the same In
composition may give rise to lattice defects. In addition,
a monolayer of InAs is inserted within the In,Ga, As
channel to enhance the electron density in the active
layer.

3. Theoretical considerations

Our calculations are based on a self-consistent solution
of the one-dimensional Schrédinger and Poisson
equations, in the effective mass approximation. The
quantized energy levels E; and their corresponding wave
functions ,, and the conduction band profile satisfy the
following Schrodinger equation:

[m*;(z)i}u(z)}%(z):m(z). m

Where m'(z) is the position-dependant effective
mass of the electrons and z is the growth direction. The
potential U(z) = U(z) + U(z) + Uxc(z) + Upyz) is the
sum of the conduction-band discontinuity Uq(z) at the
heterojunction, the Hartree potential energy Uj(z), the
exchange-correlation potential Uyc(z) and the piezo-
electric potential UpAz).
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Fig. 1. a) Schematic cross-section of a conventional
AlGaAs/InGaAs Hall heterostructure grown on (001) GaAs
substrate. b) The same of the novel AlGaAs/InGaAs Hall
heterostructure grown on (111) GaAs substrate.

The electrostatic potential energy is determined by
the Poisson equation

2
e L0, )= S E)- M) @
dz dz €
where g, is the electric constant of vacuum, € is the
dielectric permittivity of material, N,(z) is the three-
dimensional density of the ionized donors, N, is the
residual acceptor concentration in the unintentionally
doped GaAs, and n(z) is the local density of the confined

electrons,

n(z) = 2 on %) 3)
At low temperatures, 7; can be written as:
n; :%(EF_Ei)a “4)

where n; is the carrier population in the i™ subband, and
Er is the Fermi level. In the steady-state situation and at
low temperatures, Er is a constant and assumed to be
pinned at the DX centre energy Epy [8].

Therefore, the total sheet electron density in the
channel, n,, is the sum of the carrier population in all
subbands, and can be written as follows:

no=yon (5)
The exchange-correlation potential was
approximated by the formula [9]
2 1/3
U,e(z)=-0916 e—F”—(Z)} (6)
bme.e, | 4n

The piezoelectric potential may be written as:
UpAz) = eFz.

Here, F is the magnitude of the piezoelectric field
in the strained InGaAs layer, and it is given by the
equation [10]:

F — 2 3 614(011 + 2612)
8r‘?'O(Cl] + 2CIZ + 4c44)

where & is the lattice mismatch, e, is the piezoelectric
coefficient, ¢y, ¢;» and cy44 are the elastic stiffness tensor
coefficient.

In addition, we have taken into account the strain
effects to evaluate the total potential energy. The
following equations [11] have been used:

E.=A.(e11 +en+ep), A.=-88+1.05y+0.45)%,

where A, is the deformation potential, y is the In
concentration in the QW, and e; are the strain-tensor
elements.

For the high-symmetric (001) growth direction, the
strain elements are as follow [12]:

-2C,

6112622:8, 633= 6

11
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Fig. 2. Calculated band diagram for Hall

structures:

(a) conventional structure grown on (001) substrate with the
spacer width 10 nm; (b) transitional structure grown on (111)
substrate with the spacer width 10 nm; (c) transitional structure
with the spacer width 21 nm; (d) novel structure (silicon in a
quantum well) with the spacer width 21 nm, and the aluminum
mole fraction 0.17. The lowest two subbands E, and E, are
indicated together with the corresponding wave functions. E,
represents the calculated energy of the lowest bound state
localized to the embedded Al 5GaggsAs layer. Epy represents
the DX center energy. The Fermi level is represented by the
dashed line.

For high-symmetric (111) growth direction, the
strain elements are as follow [12]:
€ =€y =5 =¢
¢y +2¢, +4cy,
with the lattice mismatch & = (agaas — @nGaas)/ @mGaas-

The algorithm solves the one-dimensional
Schrodinger equation along a series of slices in the
growth direction. Each slice corresponds to one
monolayer. After the Schrodinger’s equation solution is
taken, the carrier concentration calculated from
Schrodinger’s equation is substituted into the charge part
of the Poisson’s equation. The potential derived from the
solution of Poisson’s equation is substituted back to
Schrodinger’s equation. This solution process is
continued until convergence is reached, and a self-
consistent solution of Schrodinger’s and Poisson’s
equation is obtained.

4. Results and discussions

The Hall voltage is given by

1B
U,=0—,
en

s

(N

where / is the current, B — perpendicular magnetic field,
e — the electronic charge, n; — sheet electron concentra-
tion, and o — geometric correction factor.

For a greek-cross structures where the length of
active area is about one-third of the distance between
contacts, o =~ 1 [13]. Thus,
Uy ~ WEWB, ®)
where p is the electron mobility, £ — electric field in the
active region of the Hall device, and W — width of the
active region.

The latter relationship shows that the absolute
sensitivity of the Hall device

5, = U
dB

~uWEW . )

Therefore, for high sensitivity devices, p must be
as high as possible.

On the other hand, the ratio of the absolute
sensitivity to current is the current-related sensitivity,

s _lav, 1
I dB

(10)

n.e

The smaller n; is, the higher S; is. Thus, for high
sensitivity devices, n, must be as low as possible.
However, this will lead to very high resistance devices,
which will have a negative impact on noise performance.

In modulation-doped structures a two-dimensional
electron gas is formed at the AlGaAs/InGaAs
heterointerface due to the electron affinity difference
between two materials. The electrons are separated from
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Table. Electron density in the channel calculated for different
aluminum mole fractions in the embedded QW in the barrier
and for different spacer widths. The sample (a) represents the
standard heterostructure grown on (001) substrate. The sample
(d) grown on (111) substrate exhibits the same #, as the sample
(a), but has a larger spacer width, leading to much higher
device sensitivity without degradation in noise characteristics.

Sample a b c d
Substrate (001) (111) (111) (111)
orientation
Spacer thickness 10.0 10.0 21 21
(nm)
Al mole fraction 0.33 0.33 0.33 0.17
in the embedded
QW
n, (10 cm™) 1.05 1.29 0.73 1.05

the donors in the AlGaAs by a thin spacer layer, which
decreases the impurity scattering, and enhances the
electron mobility [14]. In theory, a higher value of the
electron mobility can be obtained by increasing the
spacer layer thickness. The spacer layer thickness
controls the amount of charge trapped in the quantum
well (QW), n, and hence the current-related sensitivity
(S;). However, the cost of such improvement is a drastic
loss of electron concentration in the channel, leading to a
very high resistive device.

In a previous studies [15], we have shown that the
charge density may be enhanced by introducing Si d-
doping in a thin AlLGa; As QW embedded in the
Aly33Gag 67As barrier with x smaller than 0.33. We have
observed an enhancement of the electron density when
the aluminum concentration decreases. Thus, in order to
compensate the charge density decrease in the channel
due to spacer width increase, we suggest to realize o-
doping in a narrow QW within the Aly3;Gagg;As barrier
where the Al concentration in the QW, must be as low as
possible.

The goal of introducing 8Si to narrow quantum
well embedded in the barrier where the Al concentration
is smaller than the Al concentration in the barrier is to
compensate the DX centre effect in the common
selectively doped Al,Ga;As/InGaAs heterojunctions.
The main idea was introduced by Schubert et al. [16].
The calculated results showed an enhancement of the
2DEG concentration at the heterointerface. We explain
this electron concentration increase by the reduction of
the DX centre energy with the decrease of aluminum in
the Al,Ga;,As layer, since the silicon atom is sur-
rounded by three nearest group III atoms to which it is
particularly related. In GaAs there is only one possible
configuration around the DX site, and only one peak
should be resolved in the DLTS signal, as confirmed by
experiment [17]. In AlGaAs material, the group III
atoms around the DX site can be any combination of Ga
and Al. There are four possible configurations of these
three nearest aluminum and/or gallium neighbors around

each DX site [18]. According to these configurations,
when the Al atomic environment of the silicon
decreases, the DX centre energy decrease, too.

The spacer layer thickness and Al mole fraction in
the embedded QW were used as variable parameters.
The following four sets of parameters were considered:
a. The position of the inserted Si d-doping with
reference to the left side of the QW was selected to
be 10 nm. The aluminum mole fraction x = 0.33,
substrate (001) GaAs.

The position of the inserted Si 6-doping with
reference to the left side of the QW was selected to
be 10 nm. The aluminum mole fraction x = 0.33,
substrate (111)A GaAs.

The position of the inserted Si 6-doping with
reference to the left side of the QW was selected to
be 21 nm. The aluminum mole fraction x = 0.33,
substrate (111)A GaAs.

The position of the inserted Si 6-doping with
reference to the left side of the QW was selected to
be 21 nm. The aluminum mole fraction x = 0.17,
substrate (111)A GaAs.

The calculated results are shown in Fig. 2, which
correspond to the above four sets (a), (b) (c) and (d),
respectively. Each figure displays the self-consistent
conduction-band potential profile and the first two
energy levels as well as the corresponding wave
functions. In Table, we have reported the calculated
electron density in the channel for the same samples.

The sample (a) represents a conventional
AlGaAs/InGaAs-based magnetic sensor, grown on (001)
GaAs substrate, and it is being used as reference in this
study.

The sample (b) is similar to the sample (a), but
grown on (111)A GaAs substrate. We notice two
important things. First, an enhancement of the electron
density which is mainly due to the incorporation of a
piezoelectric field within the pseudomorphically strained
active layer in the structure grown on (111) GaAs
substrate [7]. Second, a shift of the waveform y, to the
right side by almost 5 nm. The latter displacement
should improve the special separation between confined
electrons and ionized dopants, leading to increased
electron mobility.

The sample (c¢) with a larger spacer thickness
exhibits the lower electron density. When the spacer is
increased, the electron mobility p increases too, as the
latter is approximately proportional to the third degree of
the spacer width [14]. Thus, the sample (c) features a
better absolute magnetic sensitivity than the sample (b),
since S, is proportional to p. However, we notice a
drastic decrease of the electron density, leading to a very
high resistance device, which has a negative impact on
noise performance.

The sample (d) represents the proposed novel
structure. Compared to the conventional structure, the
novel structure shows larger spacer width and has the
same electron concentration in the channel. Therefore,
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S, is enhanced, and S; remains unchanged, since 7, is the
same for both samples (a) and (d). The results reported
in Table show that the absolute magnetic sensitivity may
be enhanced by

Ha

3
N (spacerd) 59
M, ’

spacer,
where i, and p, are, respectively, the mobility of sample
(a) and sample (d), and spacer, and spacer; are,
respectively, the spacer thickness of sample (a), and
sample (d).

)

5. Conclusions

In this paper, we have described the design of a Hall
sensor using AlGaAs/InGaAs/GaAs quantum well
structure grown on (111)A GaAs substrate, with the goal
of improving its sensitivity. Charge density profiles, total
2D electron densities, and sensitivities are calculated from
coupled Schrodinger and Poisson equations. The main
idea is to take advantage of the enhanced charge density
provided by using (111) oriented GaAs substrate and to
increase the mobility without decreasing the carrier
concentration by means of special doping profile. The
results are potentially useful and have a direct impact on
the design of highly sensitive Hall devices based on
AlGaAs/InGaAs heterostructures, since it has been
demonstrated that the magnetic sensitivity of our proposed
structure may be as higher as 9 times than that of existing
pseudomorphic Hall sensors grown on (001) substrate.
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1. Introduction 

Semiconductor magnetic field sensors such as Hall devices are widely used in many industrial and domestic applications. In recent years, Hall sensors using modulation-doped AlGaAs/InGaAs have been proposed [1-3]. Hall devices based on pseudomorphic heterostructures have attracted increasing interest recently by virtue of their high electron mobility combined with moderate sheet carrier densities, low temperature dependence of the output Hall voltage and large signal-to-noise ratios [4]. The AlGaAs/InGaAs system deserves special attention in this respect. It is the system of choice in the design of high-speed devices and RF circuits. Modulation-doped hetero-structures with a high electron mobility and low electron concentration can be used to achieve very high magnetic sensitivities [5].


Hall effect devices are by far the most widely used magnetic sensors today. Their future mainly depends on whether means will be developed to enhance their sensitivity and their temperature stability [6]. The key parameters for such devices which determine their sensitivity to magnetic field are their high electron mobility and low electron density. In a previous study, we have investigated the effect of piezoelectric field built in AlGaAs/InGaAs/GaAs pseudomorphic HEMT grown on (111)A substrate, and we have found that both electron density and mobility are enhanced [7]. In this paper, we combine results determined both in [6] and [7], and we report the design of a new two-dimensional electron gas Hall device based on AlGaAs/InGaAs/GaAs heterostructure, which was particularly optimized for low magnetic field measurements. Charge density profiles, total 2D electron densities, and sensitivities are calculated from coupled Schrödinger and Poisson equations. The main idea is to substitute a (111)A GaAs substrate to (001) one and to increase the mobility without decreasing the carrier concentration by means of special doping profile. Instead of having a (-doped layer in a homogenous AlxGa1-xAs barrier material, we consider the possibility to have the donors in a narrow quantum well embedded in the barrier with a lower aluminum concentration than the rest of the barrier.


2. Device structure


The structure under investigation is presented in Fig. 1. 
It consists of Si-(-doped Al0.33Ga0.67As layer, an 
InyGa1-yAs thin layer and a p-type GaAs buffer layer. The Si (-doped layer with a Si sheet concentration 2∙1012cm-2 is separated from the QW by a variable thickness spacer layer. The conduction electrons are located in the 2D channel formed by the InyGa1-yAs layer with In composition y = 0.15 and thickness close to 10 nm. The role of the undoped spacer layer is to confine the electrons in the channel and to increase their mobility by separating the ionized donor atoms from the channel. The value of 10 nm of the channel width is dictated by the optimal In composition y = 0.15 from the viewpoint of of the crystal structure quality. Larger thicknesses in strained structures with the same In composition may give rise to lattice defects. In addition, a monolayer of InAs is inserted within the InyGa1-yAs channel to enhance the electron density in the active layer.


3. Theoretical considerations


Our calculations are based on a self-consistent solution of the one-dimensional Schrödinger and Poisson equations, in the effective mass approximation. The quantized energy levels Ei and their corresponding wave functions (i, and the conduction band profile satisfy the following Schrödinger equation:
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Where m*(z) is the position-dependant effective mass of the electrons and z is the growth direction. The potential U(z) = UC(z) + UH(z) + UXC(z) + UPZ(z) is the sum of the conduction-band discontinuity UC(z) at the heterojunction, the Hartree potential energy UH(z), the exchange-correlation potential UXC(z) and the piezo-electric potential UPZ(z).
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Fig. 1. a) Schematic cross-section of a conventional AlGaAs/InGaAs Hall heterostructure grown on (001) GaAs substrate. b) The same of the novel AlGaAs/InGaAs Hall heterostructure grown on (111) GaAs substrate.


The electrostatic potential energy is determined by the Poisson equation
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where (0 is the electric constant of vacuum, ( is the dielectric permittivity of material, Nd(z) is the three-dimensional density of the ionized donors, Na is the residual acceptor concentration in the unintentionally doped GaAs, and n(z) is the local density of the confined electrons,




[image: image4.wmf](


)


(


)


2


z


n


z


n


i


i


i


Y


=


å


.



(3)


At low temperatures, ni can be written as:
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where ni is the carrier population in the ith subband, and EF is the Fermi level. In the steady-state situation and at low temperatures, EF is a constant and assumed to be pinned at the DX centre energy EDX [8].


Therefore, the total sheet electron density in the channel, ns, is the sum of the carrier population in all subbands, and can be written as follows:
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The exchange-correlation potential was approximated by the formula [9]
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(6)


The piezoelectric potential may be written as:


UPZ(z) = eFz.

Here, F is the magnitude of the piezoelectric field in the strained InGaAs layer, and it is given by the equation [10]:
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where ( is the lattice mismatch, e14 is the piezoelectric coefficient, c11, c12 and c44 are the elastic stiffness tensor coefficient.


In addition, we have taken into account the strain effects to evaluate the total potential energy. The following equations [11] have been used:


Ec = Ac (e11 + e22 + e33),   Ac = –8.8 + 1.05y + 0.45y2,

where Ac is the deformation potential, y is the In concentration in the QW, and eii are the strain-tensor elements.


For the high-symmetric (001) growth direction, the strain elements are as follow [12]:


e11 = e22 = (,  
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Fig. 2. Calculated band diagram for Hall structures: (a) conventional structure grown on (001) substrate with the spacer width 10 nm; (b) transitional structure grown on (111) substrate with the spacer width 10 nm; (c) transitional structure with the spacer width 21 nm; (d) novel structure (silicon in a quantum well) with the spacer width 21 nm, and the aluminum mole fraction 0.17. The lowest two subbands E0 and E1 are indicated together with the corresponding wave functions. E2 represents the calculated energy of the lowest bound state localized to the embedded Al0.15Ga0.85As layer. EDX represents the DX center energy. The Fermi level is represented by the dashed line.    


For high-symmetric (111) growth direction, the strain elements are as follow [12]:




[image: image14.wmf]d


+


+


=


=


=


44


12


11


44


33


22


11


4


2


4


c


c


c


c


e


e


e




with the lattice mismatch ( = (aGaAs – aInGaAs)/aInGaAs.

The algorithm solves the one-dimensional Schrödinger equation along a series of slices in the growth direction. Each slice corresponds to one monolayer. After the Schrödinger’s equation solution is taken, the carrier concentration calculated from Schrödinger’s equation is substituted into the charge part of the Poisson’s equation. The potential derived from the solution of Poisson’s equation is substituted back to Schrödinger’s equation. This solution process is continued until convergence is reached, and a self-consistent solution of Schrödinger’s and Poisson’s equation is obtained.


4. Results and discussions


The Hall voltage is given by
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where I is the current, B – perpendicular magnetic field, e – the electronic charge, ns – sheet electron concentra-tion, and ( – geometric correction factor.


For a greek-cross structures where the length of active area is about one-third of the distance between contacts, ( ( 1 [13]. Thus,


UH ( (EWB,
(8)


where ( is the electron mobility, E – electric field in the active region of the Hall device, and W – width of the active region.


The latter relationship shows that the absolute sensitivity of the Hall device
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Therefore, for high sensitivity devices, ( must be as high as possible.


On the other hand, the ratio of the absolute sensitivity to current is the current-related sensitivity,
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The smaller ns is, the higher SI is. Thus, for high sensitivity devices, ns must be as low as possible. However, this will lead to very high resistance devices, which will have a negative impact on noise performance.

In modulation-doped structures a two-dimensional electron gas is formed at the AlGaAs/InGaAs heterointerface due to the electron affinity difference between two materials. The electrons are separated from

Table. Electron density in the channel calculated for different aluminum mole fractions in the embedded QW in the barrier and for different spacer widths. The sample (a) represents the standard heterostructure grown on (001) substrate. The sample (d) grown on (111) substrate exhibits the same ns as the sample (a), but has a larger spacer width, leading to much higher device sensitivity without degradation in noise characteristics.


		Sample

		a

		b

		c

		d



		Substrate orientation

		(001)

		(111)

		(111)

		(111)



		Spacer thickness (nm)

		10.0

		10.0

		21

		21



		Al mole fraction in the embedded QW

		0.33

		0.33

		0.33

		0.17



		ns (1012 cm-2)

		1.05

		1.29

		0.73

		1.05





the donors in the AlGaAs by a thin spacer layer, which decreases the impurity scattering, and enhances the electron mobility [14]. In theory, a higher value of the electron mobility can be obtained by increasing the spacer layer thickness. The spacer layer thickness controls the amount of charge trapped in the quantum well (QW), ns and hence the current-related sensitivity (SI). However, the cost of such improvement is a drastic loss of electron concentration in the channel, leading to a very high resistive device. 


In a previous studies [15], we have shown that the charge density may be enhanced by introducing Si (-doping in a thin AlxGa1-xAs QW embedded in the Al0.33Ga0.67As barrier with x smaller than 0.33. We have observed an enhancement of the electron density when the aluminum concentration decreases. Thus, in order to compensate the charge density decrease in the channel due to spacer width increase, we suggest to realize (-doping in a narrow QW within the Al0.33Ga0.67As barrier where the Al concentration in the QW, must be as low as possible.


The goal of introducing (Si to narrow quantum well embedded in the barrier where the Al concentration is smaller than the Al concentration in the barrier is to compensate the DX centre effect in the common selectively doped AlxGa1-xAs/InGaAs heterojunctions. The main idea was introduced by Schubert et al. [16]. The calculated results showed an enhancement of the 2DEG concentration at the heterointerface. We explain this electron concentration increase by the reduction of the DX centre energy with the decrease of aluminum in the AlxGa1-xAs layer, since the silicon atom is sur-rounded by three nearest group III atoms to which it is particularly related. In GaAs there is only one possible configuration around the DX site, and only one peak should be resolved in the DLTS signal, as confirmed by experiment [17]. In AlGaAs material, the group III atoms around the DX site can be any combination of Ga and Al. There are four possible configurations of these three nearest aluminum and/or gallium neighbors around each DX site [18]. According to these configurations, when the Al atomic environment of the silicon decreases, the DX centre energy decrease, too.

The spacer layer thickness and Al mole fraction in the embedded QW were used as variable parameters. The following four sets of parameters were considered:


a. The position of the inserted Si (-doping with reference to the left side of the QW was selected to be 10 nm. The aluminum mole fraction x = 0.33, substrate (001) GaAs.


b. The position of the inserted Si (-doping with reference to the left side of the QW was selected to be 10 nm. The aluminum mole fraction x = 0.33, substrate (111)A GaAs.


c. The position of the inserted Si (-doping with reference to the left side of the QW was selected to be 21 nm. The aluminum mole fraction x = 0.33, substrate (111)A GaAs.


d. The position of the inserted Si (-doping with reference to the left side of the QW was selected to be 21 nm. The aluminum mole fraction x = 0.17, substrate (111)A GaAs.

The calculated results are shown in Fig. 2, which correspond to the above four sets (a), (b) (c) and (d), respectively. Each figure displays the self-consistent conduction-band potential profile and the first two energy levels as well as the corresponding wave functions. In Table, we have reported the calculated electron density in the channel for the same samples.


The sample (a) represents a conventional AlGaAs/InGaAs-based magnetic sensor, grown on (001) GaAs substrate, and it is being used as reference in this study. 


The sample (b) is similar to the sample (a), but grown on (111)A GaAs substrate. We notice two important things. First, an enhancement of the electron density which is mainly due to the incorporation of a piezoelectric field within the pseudomorphically strained active layer in the structure grown on (111) GaAs substrate [7]. Second, a shift of the waveform ψ0 to the right side by almost 5 nm. The latter displacement should improve the special separation between confined electrons and ionized dopants, leading to increased electron mobility.


The sample (c) with a larger spacer thickness exhibits the lower electron density. When the spacer is increased, the electron mobility ( increases too, as the latter is approximately proportional to the third degree of the spacer width [14]. Thus, the sample (c) features a better absolute magnetic sensitivity than the sample (b), since SA is proportional to (. However, we notice a drastic decrease of the electron density, leading to a very high resistance device, which has a negative impact on noise performance.


The sample (d) represents the proposed novel structure. Compared to the conventional structure, the novel structure shows larger spacer width and has the same electron concentration in the channel. Therefore, SA is enhanced, and SI remains unchanged, since ns is the same for both samples (a) and (d). The results reported in Table show that the absolute magnetic sensitivity may be enhanced by
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where (a and (d are, respectively, the mobility of sample (a) and sample (d), and spacera and spacerd are, respectively, the spacer thickness of sample (a), and sample (d).


5. Conclusions

In this paper, we have described the design of a Hall sensor using AlGaAs/InGaAs/GaAs quantum well structure grown on (111)A GaAs substrate, with the goal of improving its sensitivity. Charge density profiles, total 2D electron densities, and sensitivities are calculated from coupled Schrödinger and Poisson equations. The main idea is to take advantage of the enhanced charge density provided by using (111) oriented GaAs substrate and to increase the mobility without decreasing the carrier concentration by means of special doping profile. The results are potentially useful and have a direct impact on the design of highly sensitive Hall devices based on AlGaAs/InGaAs heterostructures, since it has been demonstrated that the magnetic sensitivity of our proposed structure may be as higher as 9 times than that of existing pseudomorphic Hall sensors grown on (001) substrate.
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