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Semiconductor spintronics is promising because it potentially allows creating data storages
and processing elements that are smaller and consume less energy than present charge-based
microelectronic devices. Silicon is an ideal material for spintronic applications due to the long
spin lifetime in the bulk material. However, large spin relaxation was experimentally
observed in gated silicon structures [1].

We investigate the spin relaxation in (001) silicon structures by taking into account surface
roughness and phonon scattering. The surface roughness scattering matrix elements are
assumed to be uncorrelated at different interfaces. They are proportional to the product of the
corresponding subband wave functions derivatives at each interface [2]. Electron-phonon
scattering is taken into consideration in the deformation potential approximation. To find the
wave functions and matrix elements for spin relaxation we use the effective k-p Hamiltonian
written at the X-point for the two relevant valleys along the OZ-axis with the spin degree of
freedom included [3]. We generalize the deformation potential theory to include the shear
deformation potential and the deformation potential due to spin-orbit interaction responsible
for spin relaxation in confined systems [4].

Including the valley coupling through the I'-point [5] results in a subband splitting in
relaxed structures [6]. The values of the valley splitting obtained from a 30-band k-p model
[7] and tight-binding models [6,8] are summarized in Fig.1a. Although looking irregular, the
data follow a certain law. By using the analytical expression for the valley splitting AE; =
?Z:DA; |sin(kot)| [3], where 2Ar=4eV is the splitting at I" point, k, = 0.85 %n, a is the lattice
constant, and ¢ is the film thickness, the 30-level k-p model data are well reproduced (Fig.1b).
A comparison of the tight-binding model with the analytical expression (Ar=5.5¢V) is shown
in Fig.2a. Fig.2b shows the dependence of the spin relaxation matrix elements and the valley
splitting as a function of shear strain €,,.. The matrix elements display a strong increase at the
strain values where the subband splitting is minimal. These points are the hot spots
characterized by strong spin relaxation. For higher shear strain values the hot spots are pushed
to higher energies (Fig.3a) from the subband minima. A strong increase of the spin lifetime
with strain is demonstrated in Fig.3b. Thus, shear strain used to enhance mobility can also be
used to increase spin lifetime.

This work is supported by the European Research Council through the grant #247056
MOSILSPIN. The computational results have been achieved in part using the Vienna Scientific
Cluster (VSC).

[17 Y. Song, H. Dery, Phys.Rev.B 86, 085201 (2012).

[2] M.V. Fischetti et al., J.Appl.Phys. 94, 1079 (2003).

[3] V. Sverdlov, “Strain-induced effects in advanced MOSFETSs”, Springer, 2011.
[4] V. Sverdlov et al., Proc. IWCE (2013).

[5] T. Ando et al., Rev.Mod.Phys.54, 487 (1982).

[6] T.Boykin et al., Appl.Phys.Lett.84, 115 (2004).

[7] D. Rideau et al., Solid-State Electronics 53(4), 452-561 (2009).

[8] M.O. Nestoklon et al., Phys.Rev.B 73 , 235334 (2006).

* Corresponding author email: osintsev@iue.tuwien.ac.at

88



(a)

(a)

(a)

Valley Splitting [peV]

Valley Splitting [peV]

Normalized intersubband relaxation matrix elements

A RS LR LALLY LLLLE LLLLE LLLLE LLLLYE LLLE
£
%% + TB, sp’d’s [Boykin,APL,84(1)]
3 . -
10 Fx ’}x& # TB,sp’s [Nestoklon,PRB,72,235334] | ]
";‘ x TB,spjdjs.
b o 30-level k-p [Rideau,SSE,53(4)]
x -
X o}
% E
g 8 kg Bt
o X TR ﬁ:s.‘ .
x x%: ++
10F o o o R + 4 4
E « £+ o+
Oooox * x+ xx + 4
0 00
oo + +
1 1 1 1 1S |+ Lk
20 40 60 80 100 120 140 160 180 200
Quantum Well width [Monolayer]
800 p—— e
F 2 3 . . ]
700 _n — 2n"AJ(k, t) [sin(k, D), with A=5.5eV _
x sp3d5 s spin-orbit coupled TB model
6000 | x -]
H | 11«
5000 B
k
4001t x E
300} i 3
3
200 B
x
100 x|
x|
S T°S I [T A TR A T A D I ) A AR A
45 50 55 60 65 70 75 80
Quantum Well width [Monolayer]

P1.3-7

(b)

Valley Splitting [ueV]

350

w
(=3
(=]

N
W
(=]

[
(=3
(=]

100

50

— 2n°AJ(k, ) lsink, O, with A ~2eV
»x  30-level k-p model [Rideau,SSE,53(4)]] ]

—_
W
(=]

NP PP PP TR T
36 38 40 42 44 46

48 50 52 54
Quantum Well width [Monolayer]

Fig. 1: (a): Valley splitting in a Si quantum well at zero strain as a function of the
quantum well width including results from literature [6,7,8]; (b): Valley splitting
for 30-band k-p [7] and analytical expression with Ap=2eV versus well width.
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Fig. 2: (a): Dependence of the valley splitting on the quantum well width from the
tight binding (TB) model and the analytical expression with Ap=5.5¢V;

(b): Dependence of the intersubband spin relaxation matrix elements normalized on
the intrasubband scattering matrix elements at zero strain and the lowest subband
splitting on shear strain calculated with taking into account the zero-strain splitting.
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Fig. 3: (a): Normalized intersubband spin relaxation matrix elements as a function
of the wave vector in [110] direction; (b): Dependence of total, phonon-, and
surface roughness-limited spin lifetime on shear strain for two thickness values,
T=300K, and electron concentration 2.59-10"cm™.
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