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Abstract

Optimizing the electromagnetic performance of MOS-
based magnetic sensors requires a deep knowledge of the
electro-magnetic force interaction when the device is ex-
posed to a magnetic field in a cryogenic ambient. Analyt-
ical approaches derived from numerical simulations are
not appropriated under these conditions. Therefore, we
use MINIMOS-NT to perform full 3D physics-based sim-
ulations of a two-drain MAGFET. The simulation results
match very well to the available experimental data at 300
Kand 77 K.

1. Introduction

A MAGFET is a MOSFET device with a split drain [1]
designed in such a way that it is able to detect a magnetic
field. When this magnetic field is applied perpendicular
to the surface of the device, a current deflection appears
as a result of the Lorentz force. If the MAGFET is a two-
drain structure, then a differential current can be observed
at those drains. This differential current is directly related
to the sensitivity of the device, defined as
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where Ipy and Ips are the currents at drain 1 and drain 2,
and B the magnetic field strength.

To improve the magnetic sensitivity, two approaches
are possible. The first one is to adapt the geometry, so
the (W/L) and separation between the two drains gives a
maximum sensitivity, and the second one is to cool the
device down to 77 K, which increases the mobility upon
which the carrier deflection AZ (See Fig. 1) depends on

AZ = Lu,|B| )

2. Discretization Scheme

In a series of papers by Wachutka ef al. [2, 3] the cur-
rent equation comprising the magnetic field in the isother-
mal approximation for electrons reads
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where o, is the electric conductivity of the electrons, V¢,
the gradient of the electron quasi-Fermi potential, pu}, the
hall mobility related to the normal mobility as p; = 7 i,
with r,, the Hall scattering factor, and
field.

Along with the Poisson and continuity equations, a de-
vice under the presence of a magnetic field can be properly
simulated under the driff- difussion approximation. The
discretization of equation (3) was carried out following
the general strategy depicted by Gajewski and Gértner [4].
The vectorial product between the current density and the
magnetic field is computed by considering a local coordi-
nate system and the neighboring points. The discretization
reads

the magnetic
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where Jp are the projection currents along the mesh-
ing lines in the local coordinate system with the mag-
netic field, Jy are the projection currents along the mesh-
ing lines in the local coordinate system without magnetic
field, sy, the distance ratios, I the unitary matrix, S the di-
mensionless product between magnetic field and hall mo-
bility, B is a linear operator that combined with the 337
gives the matrix representation of a vectorial product, and
N the matrix composed with the unitary vectors of the
local coordinate system. This discretization scheme was
sucessfully implemented in MINIMOS-NT.

151



y Z
.,
/ Source D1
W, d
/ / A Z/D
- L -

Figure 1. A view of the simulated MAGFET.

3. Simulated Structure

Fig. 1 depicts the actual simulated structure. It is an
N-channel MAGFET with a substrate doping of 1 x 10%°
cm~3, an oxide thickness of 60 nm. The device width is
100 pm and the length is 125 pm. The separation between
the drains is 10 pm. Fig. 2 shows the electrical behavior of
the device with and without a magnetic field (50 mT), and
a simulation at the same operating conditions (0.5 V drain
to source voltage). The simulation results fit very well the
experimental data. At 4.96 V, the magnetic field is turned
off and because of the hysteresis present in the magnetic
field generator, the simulation does not reproduce this part
of the measurements. The Hall scattering factor used for
electrons was set to 1.15 [5].

The Lorentz force acts on the moving charges. So it is
expected that the current distribution inside the MAGFET
device changes when a magnetic field is applied.

Ipi +Ipo

T P2AZ = (Ipi+Ip2)l B

&)
In order to see such a change, the MAGFET is simulated
with a gate to source voltage of 4.95 V and a drain to
source voltage of 1 V. The Hall scattering factor used for
electrons was set to 1.15 [5]. Fig. 5, 6, and 7 show the cur-
rent density in cuts at 30 gm, 60 gm, and 90 gm from the
source without magnetic field. It is clear from these fig-
ures that the current is equally distributed in both drains
when no magnetic field is present.
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Figure 2. Drain Currents for different gate voltages with
and without magnetic field.
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Figure 3. Differential Current at 300 K.

A magnetic field of 40 mT normal to the surface and
perpendicular to the channel current, flowing from the
substrate up to the gate, is used in the simulations. At
x=30 pm and 60 pum a current deflection is not easily vi-
sualized (Figs. 8 and 9). However, at 90 um (Fig. 10) the
charge deflection is easily observed. These results con-
firms that, with a same device width, carrier deflection is
more pronounced in larger devices. If the magnetic field
direction is reversed, the electrons will pile up at the other
drain side.

At 77 K the current density increases by a factor of 4
due to the increase of carrier mobility. This makes more
difficult to visualize the carrier deflection (Figs. 11, 12,
and 13). However, the simulated differential current at the
contacts show an increase in the absolute value as seen
from Figure 4. The carrier deflection AZ is directly de-
pendent upon the carrier mobility. Therefore, the differ-
ential current increases at lower temperatures. The used
Hall scattering factor was set to 2 [6].
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Figure 4. Differential Current at 77 K.
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Figure 5. Current Density (300 K, 0 mT) at x=30 um. Figure 8. Current Density (300 K, 40 mT) at x=30 um.

Figure 6. Current Density (300 K, 0 mT) at x=60 m. Figure 9. Current Density (300 K, 40 mT) at x=60 pm.
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Figure 10. Current Density (300 K, 40 mT) at x=90
Figure 7. Current Density (300 K, 0 mT) at x=90 um. .
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Figure 11. Current Density (77 K, 40 mT) at x=30 um.
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Figure 12. Current Density (77 K, 40 mT) at x=60 pum.

Figure 13. Current Density (77 K, 40 mT) at x=90 pm.
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4. Measurements

The detection of a magnetic field via a MAGFET is
carried out, in the case of a two-drain structure, by means
of measuring the diferential current between both drains.
Fig. 3 shows a comparison between the simulation results
and the experimental data for room temperature. Fig. 4
shows the same diferential current at 77 K.

At room temperature the simulation matchs perfectly
the experimental data. At 77 K the simulation results
are close to the measurements. This differential current
is a function of the current magnitude, directly related to
the carrier mobility, and the Hall scattering factor. Be-
cause the electrical characteristics of the MAGFET were
matched before carrying out the simulation with magnetic
field, it is clear that the Hall scattering factor has a great
impact in the simulation.

5. Conclusions

The analysis and simulation of a two-drain MAGFET
have been successfully carried out with MINIMOS-NT in
three dimensions. The involved vector product between
the current density and the magnetic field has been com-
puted by means of a linear combination of the different
current projections along the meshing lines of the simula-
tion grid. Using this discretization, a two-drain MAGFET
structure has been simulated and the simulation results
show a good agreement with the experimental data for two
different temperatures.
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