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ON THE DETECTION LIMIT OF THE LATERAL BIPOLAR MAGNETOTRANSISTORS
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Abstract: This paperwork presents the structure and the
operating conditions of a microsensor realized in the MOS
integrated circuits technology based on a bipolar lateral
magnetotransistor, where the current deflection effect is
dominant. There are established the main noise characteristics
of the device and the way of choosing its geometry and material
features, which allow the obtaining of high values of signal-tonoise ratio and a high magnetic induction resolution.
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1. INTRODUCTION
The paper presents the results of research work regarding
the analysis and optimization of magnetic microsensor
structures realized in MOS integrated circuits technology.
The detection limit is usually defined for conventional Hall
devices.
On the basis of adequate models, there have been
established the noise main characteristics for bipolar lateral
magnetotransistors, where the current deflection effect is
dominating.
By using the numerical simulation, the values of the
detection limit for different structure devices are compared and
it is also emphasized the way in which choosing the geometry
and material properties influence on the device performances.
The research should be developed by using new
technologies, structures and materials for magnetic
microsensors, in order to obtain values for the detection limit as
small as possible.

2. THE GENERAL CHARACTERISTICS
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where  Hn is the Hall mobility of electrons in the p-well,
and Y is a geometrical parameter given approximately by

y jn  Y  y jp .

y jn

Here

Ea is oriented as shown in

figure 1, the electrons are deviated to substrate junction ( I S ).

and

y jp

denote the junction

depths of the collector region and the p-well respectively.
A magnetotransistor may be regarded as a modulation
transducer that converts the magnetic induction signal into an
electric current signal. The supply-current-related sensitivity of
the device is defined by:
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3. SIGNAL-TO NOISE RATIO
The noise affecting the collector current of a
magnetotransistor is shot noise and 1 f noise. Signal-to-noise
is defined by (Gray, 1973)

SNR f   IC  S NI   f   f 1 / 2
where f

(3)

denotes a narrow frequency band around the

frequency f, and S NI is the noise current spectral density. In
case of shot noise (1991, Popovic):

S NI  2qI

Figure 1 illustrates the cross section of a magnetotransistor
operating on the current deflection principle (Popović,1986).
If the very small magnetic field
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where I is the device current.
By substituting (1) and (4) into (3) it is obtained:

Only a few electrons will contribute to collector current ( I C ).
The area from base region, between the emitter contact and
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Fig.1. Cross section of lateral magnetotransistor
collector contact, operates as a short Hall plate, and an
induction field B  causes the deflection of current lines. The
transverse Hall current will be (Drăgulinescu, 2005):

In figure 2 it is shown the SNR f  dependence in
collector current of three magnetotransistor structures of
different materials ( L Y  5, f  1 Hz , B  0.2 T )
MGT1: Si with

Hn  0.15m2V 1s 1

MGT2: Ga Sb with

Hn  0.50m2V 1s 1
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MGT3: Ga As with

Hn  0.80m2V 1s 1

Fig. 4. Transducer with lateral magneto-transistor in CMOS
technology
Fig. 2. SNR(f) depending on collector current for three devices
of different materials
A high value of carrier mobility causes the increasing of
SNR f  . So for IC  0.2 mA , SNR f  increases with 60%
for Ga As comparative with GaSb.

4. THE DETECTION LIMIT
A convenient way of describing the noise properties of a
sensor is in terms of detection limit, defined as the value of the
measured corresponding to a signal-to-noise ratio of one. In
case of shot noise, it is obtained from expression (5):
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In figure 3 are shown BDL values obtained for three
sensors:

MGT1 : Si ( Hn  0.15m2V 1s 1 ),
MGT2 : GaSb ( Hn  0.50m2V 1s 1 )
1 1

MGT3 .. GaAs ( Hn  0.80m V s ).
2

The detection limit

BDL

decreases under 105 T in case of

GaAs at a total collector current of 1mA .
The analysis of the characteristics of magnetotransistor
structures shows that the W L  0.5 ratio is theoretically
favorable to high performance regarding signal-to-noise ratio,
as well as the offset equivalent magnetic induction.
Also substituting the silicon technology by using other
materials such as GaAs or InSb with high carriers mobility
values, assures higher characteristics of the sensors.
The transducers with integrated microsensors have a high
efficiency and the possibilities of using them can be extended to
some measuring systems of thickness, short distance
movement, level, pressure, linear and revolution speeds.
Figure 4 shows circuit diagram of a transducer realized with
lateral magnetotransistor in CMOS technology (Drăgulinescu
1998).
In the presence of a magnetic field adequately oriented the
collector current is very small.
If the magnetic induction decreases, the device current
increases which brings about the collector potential variation.
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