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1. B2 (Summary)

We investigated the spin transport in nanoscale
silicon (Si)-based spin-valve devices with a 20 nm
Si channel and a Fe/(Mg)/MgO/Ge stack as the spin
injector/detector. By optimizing the MgO barrier
thickness, we achieved a large spin-dependent
output voltage of 256 mV at 15 K. Furthermore, by
inserting an ultrathin (1 nm) Mg layer in between
the tunnel barrier MgO and the Fe electrodes to
prevent the formation of a magnetically-dead layer,
we have increased the spin-valve ratio up to —3.6%
at 15 K. These are the highest values reported in
lateral Si-based spin-valve devices.
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The devices in this study were fabricated on a
highly doped n-type Si (100) substrate with an
electron density n = 1x1018 cm3. The Si substrates
were cleaned by the standard cleaning with
H2S04/H20:2 dipped into diluted
hydrofluoric acid solution to remove the native
oxide layer, and then rinsed in de-ionized water.
After that, the samples were introduced into a MBE
chamber with the base pressure of 1x10° Pa. We
grew successively a 1 nm-thick Ge layer, a 1.5-3.5
nm-thick MgO layer, a 1 nm Mg layer, and a 10
nm-thick Fe layer. Here, an Mg thin layer was
inserted between the Fe electrodes and the MgO
barrier to prevent oxidation of the Fe electrode

solution,

(Figure 1(a)) and to enhance the spin injection
efficiency to the Si channel.

3. ffi R L =% (Results and Discussion)

In this study, by optimizing the MgO thickness,
we  have improving  the
spin-dependent output A Vto the maximum value of
25 mV for the device with a 1.5 nm MgO barrier,
which is the highest value reported so far in lateral
Si-based spin-valve devices.
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Figure 1. (a) Schematic device structure of a
spin-valve devices. The MgO thickness #vg0 is
varied from 1.5 nm to 3.5 nm. The thickness of the
Mg insertion layer is fixed at 1 nm. (b) Local
magnetoresistance (MR) of the device with a 1
nm-thick Mg insertion layer and 3.5 nm-thick MgO
barrier layer, measured at 15 K with a bias voltage
of 200 mV. Inset shows the minor loop MR.

inserting an ultrathin (1 nm) Mg layer between the

Fe electrode and the MgO barrier, we have

succeeded in improving the local MR ratio up to

|AR| ~ 75 kQ and |MR| = 3.6% (Figure 1(b)).
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