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Large Magnetoresistance Effect in Silicon in
Non-Ohmic Transport Regimes
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The space-charge effect in semiconductors like silicon (Si) is caused by the breaking of the
charge quasi-neutrality due to the accumulation of injected charges (n) inside the solid. This charge
accumulation occurs to generate an electric field (E) unevenly distributed inside the solid, where the
absence of compensating background charges makes the injected charges correlate with each other via
the unscreened Coulomb interaction. Analyzing the current-voltage (I-V) characteristics of the solid
have been an important method for investigating the space-charge effect because it provides information
on the transition of the charge transport from Ohmic to space-charge-limited (SCL).

Here, he presents the experimental study on the transport properties of silicon devices in
space-charge regime under an applied magnetic field. He fabricated the Si devices consisting of
metal/Si/metal and measured the 1-V characteristics and the magnetotransport properties in
current-in-plane geometry. The Si substrate is lightly phosphorus-doped n-type Si (n-Si) and the metal
is Indium (In). The In/n-Si/In ohmic devices were fabricated by soldering and alloying the In contact
electrodes to the n-Si substrates at 350°C for five minutes. He measured the magnetotransport
properties via two-terminal and multi-terminal methods. The magnetic field is applied either
perpendicular or parallel to the current direction. The ohmic device made of n-Si shows the typical

characteristic of current injection in semiconductor, where the I-V curve is divided into ohmic and SCL
transport regimes and that the transport in the latter regime obeys the Mott-Gurney law (I o< sz,

which indicates unipolar space-charge effect. The application of magnetic field to the device shifts the
I-V curves downward to the right of the graph, which indicates the resistance increase. The current
change is larger in the SCL transport regime than in the Ohmic regime, which indicates the
enhancement of magnetoresistance (MR) effect by the space-charge effect. I-H measurement results
reveal that the MR ratio in the SCL transport regime is much larger than that in the ohmic regime,
which confirms the magnetoresistance enhancement by the space-charge effect. Based on the above
observation he proposed that the dynamics of correlated charges in magnetic field is responsible for the
large magnetoresistance effect. In the SCL transport regime, the injected charge density is much larger
than the background charges, thus the injected charges are not effectively screened and therefore
correlated. This correlation induces local inhomogeneity in n and E in magnetic field just like the large
positive magnetoresistance effect in solids. Similarly, it is also observed that the large
magnetoresistance is induced at room temperature (300°C) for In/i-Si/In, where i-Si is intrinsic silicon.
It is found that the MR ratio is enhanced in the space-charge effect, where it is about in order of

~1000%. This may be used to develop novel magnetoelectronics technologies.
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