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1. Introduction  

Spintronics attracts at present much interest because of 
the potential to build novel spin-based devices which 
are superior to nowadays charge-based electronics. 
Silicon is composed of nuclei with predominantly zero 
spin and it is characterized by small spin-orbit coupling. 
Both factors favour to reduce spin relaxation. 
Understanding the details of the spin propagation in 
silicon structures is urgently needed [1]. We investigate 
the surface roughness induced spin scattering and 
relaxation matrix elements in silicon-on-insulator-based 
spin field-effect transistors by applying an analytical 
approach. We demonstrate that shear strain dramatically 
influences the spin, opening a new opportunity to boost 
spin lifetime in silicon spin field-effect transistors. 

2. Method and Results 
In this work we investigate the influence of the 

intrinsic spin-orbit interaction on the subband structure, 
spin scattering, and spin relaxation matrix elements due 
to surface roughness. The k·p Hamiltonian (1) was 
obtained by changing the basis of the generalized 
Hamiltonian which includes the spin degree of freedom 
[2-4]. The Hamiltonian is written in the vicinity of the X 
point along the kz axis in the Brillouin zone. �� and ��   
are the transversal and the longitudinal silicon effective 
masses, �� 	= 	0.15 × 2�/� is the position of the valley 
minimum relative to the X point in unstrained silicon, ��� denotes the shear strain component, ��� ≈ ���� −����, � = 14eV is the shear strain deformation potential, 
and Δ�� = 1.27meVnm.  

Four wave functions are considered: "�↑, 	"�↓, "&↑′, 	"&↓′,	for the lowest spin up, spin down 
and for the second conduction band spin up, spin down, 
respectively. The transformations (1) are applied to get 
rid of the coupling between the spins with opposite 
direction in different valleys. Following [3] we then 
found the wave functions in the same manner as for the 
two-band k·p Hamiltonian written in the vicinity of the 
X point of the Brillouin zone for silicon films under 
uniaxial strain. 

The surface roughness scattering between the 
subbands is taken to be proportional to the square of the 
product of the subband wave function derivatives at the 
interface [5]. Figure 1 demonstrates an excellent 

agreement between the analytical solution and the 
numerically obtained results for a silicon film of 4nm 
thickness for the values �� = 	0.25nm-1 and �� =	0.25nm-1. For the numerical calculations a barrier of 
10eV height has been assumed.  

Figure 2 shows energies in the first subband for 
different values of the wave vector k and minimum 
energy in the second valley that is achieved for k = 0. 
Intrasubband scattering is only possible, when the 
energy in the second subband is less or equal to the 
energy in the first subband. 

The dependence of the intersubband scattering 
matrix elements on shear strain is shown in Figure 3. 
The minimum in the intersubband scattering is 

achieved, when the term ���� −	ℏ)*+*,- = 0. 

Intersubband scattering vanishes, when the kinetic 
energy is not sufficient to have scattering states in the 
second subband as shown in Figure 3. A strong decrease 
of the intersubband spin relaxation matrix elements with 
shear strain increased is demonstrated in Figure 4. The 
relaxation decreases for all three values of the film 
thickness. This decrease is a consequence of the fact 
that the subband splitting increases with shear strain [3]. 
As soon as the intersubband splitting becomes larger 
than the spin-orbit interaction strength characterized by 
Δ��.��& + ��&, the mixing of up- and down-spin states 
caused by this spin-orbit interaction is reduced. 

3. Conclusion 
The analytical approach for analyzing the spin 

properties of the thin silicon films has been developed. 
We demonstrated that the intersubband matrix elements 
decrease rapidly with shear strain. 
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Fig.1: Intrasubband scattering matrix elements 
normalized to their values at zero strain for the film 
thickness 1.36nm for �� = 	0.25nm-1 and �� = 	0.25nm-1, 
and subband splitting as a function of shear strain 

 
Fig.2: Energy for the first subband as a function of shear 
strain for the film thickness 1.36nm for the wave vectors k 
(0.25nm-1, 0), (0.25nm-1, 0.25nm-1),and (0.4nm-1, 0.4nm-1) 
and minimum energy in the second subband (�� = 	0 and 
�� = 	0) 

 
Fig.3: Intersubband scattering matrix elements 
normalized to the intrasubband scattering for zero strain 
between the states with the same spin projection for the 
film thickness 1.36nm 

 

Fig.4: Normalized intersubband spin relaxation matrix 
elements as a function of shear strain for several values of 
the film thickness, for �� = 	1nm-1 and �� = 	0 
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