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The Lorentz force gives rise to helical paths of moving charged particles in a magnetic field and
these, in turn, result in reduction of mean free paths and higher scattering rates. This effect may be observed
from magnetoresistance in a 1-um thick silicon membrane. With a transverse current, the electrical resistance
of the p-type silicon increases by 0.4 % in a 1.6-tesla magnetic field at room temperature. The magnetoresistance
increases to 1% at 250K. The plot of electrical resistance versus magnetic field can be approximated as a
parabola and the hole mobility may be determined as 405 cm’/Vs at 290K and 610 cm’/Vs at 250 K.
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In the presence of a magnetic field with an
electric field, the Lorentz force acting on charged
particles may be written as F = q(vxB) where q,
v, E, and B are charge, velocity of the particles,
the electric field and the magnetic field, respec-
tively. When a semiconductor is subjected to a
magnetic field, holes and electrons follow helical
paths and their mean free paths are, therefore,
reduced. This mechanism may be observed from
a magnetoresistance measurement in which the
resistivity of semiconductor increases without
saturation in externally applied magnetic field.
The characteristics of magnetoresistance differ
from those of the Hall effect. While the Hall volt-
age is field-odd and proportional to B, the
magnetoresistance is a function of B* and field-even
(Lorrain et al., 1988). Both phenomena have
been extensively studied because of their appli-
cations in magnetic sensing and recording. If p,
represents resistivity in zero magnetic field and
Ap is the change of resistivity in applied magnetic
field, the magnitude of magnetoresistance (Ap/p )
may be written as Ap/p, = MB’ where M is a
transverse magnetoresistance coefficient.

In this paper, magnetoresistance of a sample
composed of a silicon membrane was studied

and the carrier mobility (i) was deduced from the
experimental results.

Materials and Methods

As shown in Figure 1, the sample is a p-type
silicon membrane sandwiched by two nickel lay-
ers. The silicon resistivity is 20-30 Qcm and this
corresponds to the impurity (boron) concentration
of 4x10"-7x10" cm™. From the sample fabrication
at NASA Goddard space flight centre, the sample
was grown on a <100> p-type SOI (silicon on in-
sulator) wafer. Photolithography was performed
in order to define a 10-um’ rectangular pattern on
the wafer. This area was further developed into
a silicon membrane by selective etching and thin-
ning. The selective etching was performed to
isolate the membrane from other silicon areas. To
reduce the thickness of the membrane, the back of
the wafer was etched by KOH leaving a pit with
only 1-um thick silicon membrane at the bottom.
Subsequently, 200-nm nickel films and 500-nm
gold contacts were deposited by sputtering. On
the other side of the wafer, nickel and gold con-
tacts were selectively deposited. After the fabri-
cation, the sample was sliced from the wafer. At
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Figure 1. Geometry of the sample. The thickness of silicon is 1 tm for the membrane and
390 um for the bulk silicon. The oxide isolates the membrane from the bulk silicon.
Nickel and gold films act as electrical contacts to the measurement circuits.

Clarendon Laboratory, University of Oxford, the
sample was mounted on a sample holder with
ultrasonic wire bonding to the gold contacts and
connected to the end of a measurement probe.
The probe was inserted in a cryostat between
electromagnet’s pole faces. Current-voltage char-
acteristics and resistance measurements were
performed from room temperature down to 100 K.
In the magnetoresistance measurements, the two-
point technique was performed using a 0.35 mA
constant transverse current (perpendicular to the
membrane’s plane and magnetic field).

Results and Discussion

Current-voltage characteristics at 290 K of
the sample are shown in Figure 2. Nickel/silicon
junctions give rise to the Schottky diode behavi-
ours. The rectification is due to asymmetry between
two Schottky barriers and substantial leakage cur-
rent through one of the nickel layers. As seen in
Figure 3, the resistance of the sample increases
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Figure 2. Current-voltage characteristics of the
sample at 290 K.

exponentially with the decreasing temperature. This
reflects the conduction properties of silicon as a
function of temperature. According to the magne-
toresistance measurements at 290 K, the silicon
membrane exhibits 0.4% resistance increase in a
1.6-tesla magnetic field without saturation. The
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Figure 3. Differential resistance (0.5 pA test cur-
rent) of the sample between 100 and
260K.
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Figure 4. (a) Magnetoresistance curve at 290K.
The arrows indicate the sequence
of the magnetic field sweep.

(b) Curve fitting of the magnetore-

sistance characteristics.
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Figure 5. Magnetoresistance and curve fitting at
250K.

magnetoresistance increases to 1% at 250K.
Magnetoresistance below 250K is not observable
because it is overshadowed by signal fluctuations.
The magnetoresistance curves at 290 and 250 K
are shown in Figures 4 and 5, respectively. They
can be approximated as parabola curves. This is
attributable to the effect of the Lorentz force on
the trajectories of conduction holes in the silicon.

Consider a silicon membrane diagram in
Figure 6. An externally applied electric field and
a magnetic field are in the X- and Z-axis, respec-
tively. Owing to the Hall effect, charge carriers
are accumulated on both sides of the silicon
membrane and this gives rise to an electric field
perpendicular to the current flow and the magnetic
field (in the Y-axis). The Lorentz force acting on
conduction holes may be written as:

F=q (E + vxB) (1)
Since  F/q=v/u 2)
Equation (1) can be written as:

v=u(E +vxB) (3)

Components of the velocity in each axis are
defined as:

V.= (E +VB) €

v,=W(E - vB) 5)
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Figure 6. Diagram showing axis assignment for the silicon membrane.

v =0 (6)

z

where E is an electric field in the direction
of current flow. Ey is due to the Hall effect.
Substituting (5) into (4), v_becomes :

v=U[E +U (Ey -v_B)B]
(1+wWB)v =u (E +p BE)
v =W(E +uBE)/(1+ wB) (7
Current density is defined as:
J =nqv, 3)

Substituting (7) into (8), the current density
in the X-axis becomes:

J =nqu(E +pnBE)/(1+ uwB?) )

Nickel films are deposited on both sides of
the silicon membrane and the charge carriers are
able to flow across the Schottky barriers to nickel.
Consequently, E is approximately zero and equa-
tion (9) is reduced to:

J =nquE /(1+uB?) (10)
From a definition:
J =(/p)E, (11)

Comparing equation (10) and (11), the
resistivity can be written as:
p = (1+ B/ ngu (12)
The resistivity in zero magnetic field (p )
and the change in resistivity (Ap) are:

p, = 1/nqu (13)

Ap=p-p,=WB7nqun (14
The magnetoresistance (Ap/p) is then
equal to:

Aplp,=[WB/ nqu] / [1/ nqu] = W’B* (15)

Hence, the magnetoresistance can be fitted
to a second order polynomial function of magnetic
field. Taking Figure 4b as an example, the curve
may be represented by the equation: Ap/p =
0.00164B%-0.0000435B-0.0000302. The negligi-
ble second term is due to the Hall effect. The first
term corresponds to the magnetoresistance and
the transverse magnetoresistance coefficient (M, =
1?) is 0.00164. As a result, the mobility of the hole
conduction in p-type silicon membrane at 290 K
may be determined as 405 cm’/Vs. As reported by
Sze (Sze, 1981), the drift mobility of holes in
silicon with impurity concentration of 4x10" -
7x10" ¢cm” at 300K is about 400 cm’/Vs and this
is in good agreement with the experiment. In a
similar fashion, the mobility at 250 K is obtained
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as 610 cm’/Vs. The mobility increases with the
decreasing temperature as predicted. The drift
mobility derived from this magnetoresistance
experiment should be distinguished from the Hall
mobility (1) obtained from the Hall effect. The
degree of difference between the Hall mobility and
the drift mobility depends on how much acoustic
phonon scattering and ionised impurity scattering
are involved in the process.

Conclusion

Magnetoresistance due to the Lorentz force
in a p-type silicon membrane is observed. The

magnitude of effect is about 0.4% at room temp-
erature and increases to 1% at 250K. Magneto-
resistance curves were fitted as parabola and
results follow an equation Ap/p = W’B”. Hole
mobility in p-type silicon was deduced as 405 cm’/
Vs at 290 K and 610 cm’/Vs at 250 K.
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