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Abstract A Schottky contact model was implemented 
as a boundary condition for a Monte Carlo device simula- 
tion. Unlike the ideal ohmic contact, thermal equilibrium 
is unnecessary around the Schottky contact. Therefore, 
the wide region of high impurity concentration around 
contacts is not required to maintain the thermal equilib- 
rium, which means that it is possible to avoid assigning 
a lot of particles to the low-field region. The validity 
of the present boundary condition for contacts was veri- 
fied by simulating a rectifying characteristic of a Schottky 
barrier diode. As an application example of the present 
boundary condition, we simulated the transport in n+nnt 
structures with sub-0.1 pm channel length. We found 
direction dependence of the electron velocity dispersion, 
which indicates that the direction dependence of the diffu- 
sion constant or the carrier temperature should be taken 
into account in the hydrodynamic simulation for sub-0.1 

. pm devices. 

1. Introduction 
The Monte Carlo method has been utilized to reveal 

the transport characteristics in sub-0.1 pm devices [1][2]. 
One of the important issues in Monte Carlo device simu- 
lations is the treatment of the boundary condition at  con- 
tacts [3]. In many cases, the number of particles around 
contacts is fixed to assure the charge neutrality under 
the assumption of the ideal ohmic contact in equilibrium. 
Hence, a wide region with high impurity concentration is 
required to keep the equilibrium condition around con- 
tacts. Therefore, a lot of particles must be assigned to 
the low-field region, resulting in lack of particles in the 
high-field region, where the Monte Carlo method is vital. 
Moreover, the neutral charge condition cannot be applied 
to contacts attached to a high resistive region. 

In this work, a Schottky contact model was imple- 
mented in our Monte Carlo device simulator. Particles 
were eliminated and supplied by thermionic emission just 
at the metal/semiconductor interface and the tunneling 
around the interface. The ohmic contact is a special case 
of the Schottky contact, in which the tunneling proba- 
bility is quite high. Using the Schottky contact model 
makes it possible to  carry out Monte Carlo device simu- 
lations without the wide region of high impurity concen- 
tration, since the thermal equilibrium and neutral charge 
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Figure 1: Schematic band diagram around the interface 
between metal and semiconductor to show behavior of 
particles. 

conditions are unnecessary around the Schottky contac- 
t .  Moreover, the influence of the contact resistance can 
naturally be included in Monte Carlo device simulation- 
s .  The nature of the Schottky contact has been studied 
by using the Monte Carlo method [4][5][6]. However, the 
Schottky contact has not been utilized as the boundary 
condition in simulations of usual devices. The validity of 
the present boundary condition was checked by compar- 
ing a rectifying characteristic of an SBD (Schottky bar- 
rier diode) with that obtained by the drift diffusion with 
a similar Schottky contact model [7]. Using the present 
boundary condition for simulations -of n+nn+ structures, 
fundamental characterist,ics of transport in sub-0.1 pm 
lengths were investigated. 

2. Schottky contact model 
The tunneling probability TTL was calculated based 

on the WKB approximation and a triangle potential 
around contacts: 
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where A [Acm-'K-'] is the Richardson constant (112 for 
electrons in silicon [9]) ,  T the electron temperature, f~ 
the energy distribution function in the metal, A< the ener- 
gy difference in the control volume specified by discretiza- 
tion grids, kB Boltzmann's constant, S the cross-sectional 
area of the control volume perpendicular t o  the tunneling 
path, <j the Fermi level used in f ~ ,  and 4~ the barrier 
height. TTL = 1 just at  the metal/semiconductor inter- 
face. Time interval of injection and the injection point 
are determined according to PanJ,l in a similar manner to 
that for the scattering process [lo]. Namely, particles are 
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. . . . The injection point xi is selected when the following con- 
- DD dition is satisfied: 
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(9) n+ = lom cm ~ ~ < r < ~ , .  Ptnj,k 

k=l k=l 

In the present simulations, the Poisson equation was 
solved every 1 [fs] and the potential distribution and the 

Simulation was carried out until 100 [ps], and results av- 
Reverse 4 - t -  F O W d  eraged over a period from 30 to 100 [ps]. The spherical 

. ' ' ' band model was used for clear extraction of the direction 

A r e a = 0 0 5 p m 2  ' 

< b  tunneling probability were calculated self-consistently. 



/\ Tunneling toward Metal 
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around the cathode junction does not depend on the chan- 
nel length, whereas the direction dependence caused by 
the quasi-ballistic transport near the anode decreases as 

c E -6. g -8. 

Thermionic Emission direction dependence should be included in the diffusion 
constant or the carrier temperature in the hydrodynamic 
simulation for sub-0.1 pm devices. 

L=SOnm 
V = 0.5 V 
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Figure 7: The distribution of the velocity dispersion 
n+nnt structure with a channel length of 50 nm. 
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Figure 10: The distribution of the velocity dispersion nor- 
malized by the averaged dispersion in n+nn+ structures 
with channel lengths of 25nm, 50nm, and 0.1 pm. 

The significant direction dependence of the velocity dis- 
persion was observed for the sub-0.1 p m  channel length, 
which indicates that the direction dependence of the d- 
iffusion constant or carrier temperature should be taken 
into account in the hydrodynamic model for sub-0.1 pm 
devices. 
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Figure 8: The distribution of the velocity dispersion in 
n+nn+ structure with a channel length of 0.1 prn. 
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Figure 9: The distribution of the velocity dispersion in 
n+nn+ structure with a channel length of 25 nm. 
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