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Supplementary Section 1. QPC conductance

All the QPCs employed in the spin FET devices display one-dimensional (1D) conduc-
tance quantization, as shown in Supplementary Fig. 1a. Although the introduction of the
SO coupling results in two spin-polarized 1D subbands shifted horizontally along the £,
axis (Supplementary Fig. 1b), the QPC conductance quantization remains the same as the
spin degenerate case without SO coupling?!?®, because the edge of the two spin-polarized
1D subbands are still at the same energy, simultaneously passing through the Fermi level
such that the conductance changes by 2¢?/h. This is consistent with our measurement

in which no major difference in quantized conductance was observed between traces at

AV, =0and AV, = -3 V.
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Supplementary Fig. 1: QPC conductance. a, The QPC conductance as a function of common-
mode gate voltage measured for symmetric (AV, = 0 V) and asymmetric (AV, = —3 V) confine-
ment potential. For clarity, the conductance trace of the asymmetric QPC is horizontally offset.
b, The dispersion relation of 1D subbands with SO coupling. When the Fermi energy Er is tuned
below the crossing point between the two spin-polarized subbands, both the right- (+£k,) and left-
moving (—k,) electrons are fully spin-polarized which we refer to as the spin-down and spin-up
states, respectively. This allows the QPC to acts as a spin injector/detector in the spin FET de-
vices. ¢, The SO-induced spin splitting is further enlarged vertically by the electron-electron (e-e)

interaction.
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It has recently been suggested'®?" that the strong electron-electron interaction could further
displace these two spin-polarized 1D subbands vertically with respect to each other (Supplemen-
tary Fig. 1c), similar to the mechanism which is known to lift the spin degeneracy in GaAs3?~3%. As
the edges of the two spin-polarized 1D subbands are no longer at the same energy, a conductance
plateau near 0.5(2¢?/h) occurs. Although the 0.5(2¢2/h) feature was not observed in this work,
we do not intend to rule out the possibility of electron-electron interaction in our QPCs, since it is
possible that the electron-electron interaction strength v (and hence the vertical spin splitting) is

not large enough to be manifested in QPC conductance at finite temperatures'®33.

Supplementary Section 2. QPC spin polarization

In order to verify that the QPC indeed acts as spin injector and collector when operated near
threshold, we followed the spatial spin separation technique®” to directly measure the spin content
of the current injected from the QPC. A new type of devices, known as magnetic focusing devices
(inset of Supplementary Fig. 2), were fabricated on the same wafer as the spin FET devices (see
Method Summary). As shown in Ref. 35, in the presence of SO coupling the spin-up and spin-down
electrons at the Fermi energy have different momenta when travelling along the same direction.
This leads to different cyclotron orbits for the two spin states in a transverse magnetic field, and
consequently, a spatial separation of each spin-type of electrons when they are injected from the
QPC. The spatial separation of spins is manifested in focusing spectrum, in which the peaks occur
when the cyclotron diameter equals the distance, L, between QPC injector and collector (i.e., when
the electrons can flow ballistically from the injector into the collector). Since the spin-up and

the spin-down electrons have different momenta and are spatially separated when emitted from
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Supplementary Fig. 2: Magnetic focusing spectrum. The magnetic focusing spectrum shows the
SO-induced doublet when the QPC injector is > 2¢2/h. The low-field (high-field) peak within
the doublet corresponds to the spin-up (spin-down) focusing electrons. The spin-up peak almost
vanishes while the spin-down peak still remains when the injector is tuned below 2¢?/h, indicating
that the current injected from the QPC is spin-polarized. The QPC collector is fixed at ~ 3¢2/h
to allow both electron spins to pass through, and a constant 100 1V a.c. voltage is applied across
the injector. The data are vertically offset by 1 pV for clarity. The inset shows the schematic
of a magnetic focusing device, where the spin-up and spin-down currents emitted from the QPC
injector are spatially separated in the presence of SO coupling, which results in the observation of

spin-resolved focusing peaks.
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the QPC injector, the spin-up and spin-down focusing peaks appear at different magnetic fields

By = 2py; /el , where p; and p; are momenta for spin-up and spin-down electrons.

Supplementary Fig. 2 shows the focusing voltage as a function of a weak transverse magnetic
field. In this measurement, the central gate was held at —2.9 V while the left-hand arm of the QPC
injector was varied between —1.6 and —2.2 V to tune the conductance from 2G, to 0.3G| (where
Gy = 2¢*/h). When the QPC injector is tuned to high conductance values, the focusing peak
doublets are present, where the high-field and low-field peak corresponds to the spin-down and
spin-up focusing electrons, respectively. This shows that the injected current contains both electron
spins. The height of the spin-up peak gradually reduces with decreasing the conductance. The spin-
up peak vanishes while the spin-down peak still remains when the injector is tuned below 2¢%/h,
indicating® that the current injected from the QPC contains only the spin-down electrons and is
indeed spin-polarized. A separate and direct measurement of the QPC spin polarization reported
here confirms that the QPC indeed acts as spin injector/detector and furthermore substantiate the
results presented in the main article. Note that the peak separation can also be used to estimate the

SO coupling constant®®, giving || ~ 20 x 1072 eVm.

Supplementary Section 3. Derivation of the spin precession

In this work, the spin precession is driven by the Rashba SO coupling and an external magnetic field
along the y-direction, of which the contributions to the Hamiltonian are Hgo = oz(—k:xay + k‘yam)
and Hy = gupBexo,/2 (where o, , are Pauli matrices), respectively. As mentioned in the main

article, the use of QPCs as the spin injector and detector in the spin FET restricts the transport

© 2014 Macmillan Publishers Limited. All rights reserved.



channel to be quasi-1D and thus sets k, = 0 in the Rashba term.

The time evolution of the spinors moving in the semiconductor channel is given by

(1)) = e ot IR |3 (0)) = e™rv!2 |x(0)) ()

where w;, = (2ak, — gupBex)/h. As the QPC injector is polarized in the z-direction, the spin

1
state of electrons launched from the QPC is given by |x(0)) = on the Bloch sphere, which
0
evolves to
cos “Lt  gip “l 1 cos “Lt
2 2 2
X(1)) = = . )
—sin“’TLt cos“’TLt 0 —sin“’TLt

It is clear that the Rashba and Zeeman terms of the Hamiltonian cause the electron spin to precess
about the y-axis with a frequency w. With ¢ = Lm*/hk, (where L is the distance between the
QPC injector and detector, and m* is the electron’s effective mass), we are able to obtain the
precession angle

AO = wit = 2m*aL/h* — gugBeym* L)k, h*. 3)
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Supplementary Section 4. InGaAs quantum well
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Supplementary Fig. 3: Conduction band profile. Conduction band profile and electron density for
the InGaAs quantum well, calculated using Snider’s “1D POISSON/SCHRODINGER” program

(Ref. 36).
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