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Abstract 

We simulate the spin transport properties in Schottky Barrier FET by ensemble Monte 
Carlo Method. Based on the three subbands approximations of 2DEG a more accurate 
model to calculate the spin precession frequency is adopted. With intra-subband and 
inter-subband scatterings fully considered, the three subbands approximation is 
compared with the single band approximation. We also examine the influence of the 
external electric field on the dephasing of the injected spin polarization. The 
simulation results can provide some guidance for the future design of SpinFET.  
 
1   Introduction 
Spin FET was first proposed by Datta and Das in 1990[1]. The most 
straightfoward way for spin injection is to form an ohmic contact between an FM 
and a semiconductor surface. However, this way has two intrinsic shortcomings. 
One is that the heavily doped semiconductor will lead to spin-flip scattering. The 
other, pointed by Schmidt et al.[2], is that conductivity mismatching between 
ferromagnetic and semiconductor will decrease the spin injection effectiveness 
dramatically. Rashba and Flatte[3] theoretically proved that tunnel barrier will 
provide a way to overcome the conductivity mismatch problem. So Schottky 
Barrier FET is a structure suitable for spin current injection. Some research 
groups have simulated this structure by Monte Carlo Method [4,5]. However, 
scatterings which are of great importance have not been fully considered. Using 
ensemble Monte Carlo method we investigate the spin transport properties with 
scattering treated carefully in the Schottky Barrier FET.  
 
2   Model Descriptions 
Fig.1 shows the schematic device structure and the coordinate system we used. The 
potential profile along y: 0 0( ) exp( / ), 0; ( ) , 0V y V y Y y V y y= − −  > = ∞  <  is 
adopted[6]. By using variational method we get analytical wave function of the three 
lowest subbands[7]  
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Fig.1. Schematic device 
structure of SpinFET and 
three sub-bands model 
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Fig.2. Three components of 
the spin precessing vector  
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Fig.3. Potential profile along 
the channel at Vds=0.4V and 
Vds=1.0V 

The two dimensional scattering rates are evaluated as follows:[8] 
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Wk,ac and Wk,pop represent acoustic phonon scattering rate and polar optical 
phonon scattering rate respectively.  
In III-V semiconductor, D’yakonov-Perel’ mechanism is the dominant spin dephasing 
mechanism. Under its influence, the spin precessing process is described as follow:  

1 3, R D D
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dt
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They correspond to the Rashba term[9], Dresselhaus[10]linear term and cubic term 

respectively. a46 and a42 are material parameters. Fig.2 shows the three components of 

Ω
JG

. 2

yk is the average of the operator 2( / )y− ∂ ∂  over the wave functions. In some 

works[7,11,12], the potential vertical to the channel are treated as quantum well or 

triangular well, and hence the 2

yk  is not accurate enough. Our simulation provides 

a more accurate model of 2

yk  based on the wavefunctions of three subbands:  
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3   Simulation Results and Discussions 
Fig.3 shows the potential distribution along the channel in SB FET. Fig.4. shows spin 
dephasing process of an electron without scattering and electrical field. Fig. 5,6,7 plot 
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spin polarization distribution along the channel of the 150nm gate length SB FET 
with the initial injection spin directions along x,y,z axis respectively. It’s can be seen 
that the dephasing rate is different under different injection orientation, for example, it 
is lowest when injected along x axes. 
In order to compare the influence of scattering on the spin transport, the ratio of 

2 2 2|S|= x y zS S S+ + in the drain and source side is used and referred as |S|D/|S|S here. 
The reduction of this ratio corresponds to initial spin polarization dephasing as 
electrons transport from source to drain. Fig. 8 displays the comparison between the 
simulation results with scattering included or not for various Vds. From the figure, it 
can be seen that |S|D/|S|S reduces more rapidly when scattering is included. While Vds 
increasing, the average precessing frequency becomes quicker and consequently spin 
dephasing rate becomes faster. Fig. 9 demonstrates the differences of |S|D/|S|S between 
the three- subbands and single band approximations. Inter-subband scattering plays an 
important role in the former. It can be seen that at small Vds the two approximations 
are of considerable differences.  
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Fig.4. Illustration of single
electron’s spin precessing
process without scattering and
electrical field 

0.00 0.04 0.08 0.12

-0.8

-0.4

0.0

0.4

0.8

 

 

Sp
in

 P
ol

ar
iz

at
io

n

x(μm)

 S(x)
 S(y)
 S(z)
 |S|

Fig.5. Spin polarization 
distribution with injection 
direction along x axis at 
Vds=1.0V 
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Fig.6. Spin polarization 
distribution with injection 
direction along y axis at 
Vds=1.0V 
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Fig.7. Spin polarization 
distribution with injection 
direction along z axis at 
Vds=1.0V 
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considering scattering and 
without scattering 
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Fig.9. comparison of S|D/|S|S 
between the three subbands 
approximation and single 
subband approximation  

Fig. 10 illustrates the influence of Rashba and Dresselhaus term and shows that 
Dresselhaus effect is dominant. This conclusion is suitable for GaAs but not all 
semiconductors because for narrow gap semiconductor such as InSb a42

 is much larger  
than GaAs and then Rashba effect also can exert an important influence. Fig.11 plots 
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the spin polarization distribution with gate length 350nm. It can be seen that the three 
components of S have all decreased to nearly zero. Fig.12 displays the spin dephasing 
rates with different channel length. The results indicate that |S|D/|S|S reduces with 
channel length increasing and thus channel length of the spin FET made by GaAs 
should not be too large for the conservation of spin current.  
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Fig.10. Influence of Rashba 
term and Dresselhaus term 
on the spin transport in SB 
FET.  
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Fig.11. Spin polarization 
distribution with injection 
along y axis at Vds=1.0V 
with 350nm gate length.  
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Fig.12. spin dephasing rate 
for electrons transport across 
SB FET with channel length 
from 150nm to 350nm.  

 
4   Conclusions 
Using the Ensemble Monte Carlo Method, we simulated the spin transport properties 
of electrons in the Schottky-Barrier FET. Scattering mechanisms including the 
intra-subband scattering and inter-subband scattering are considered. The influence of 
Vds and the orientation of the injected spin current are investigated. We also compare 
the single subband and three subbands approximations and find that the results are of 
considerable difference. Finally, the influence of channel length shows that nano scale 
gate length is necessary for the SB spinFET. 
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