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Abstract 

A new semiclassical model for the modelling and simulation of the electrical 
properties of rectifying metal-semiconductor structures has been developed. The 
contribution of hole current to the total current through the interface is significant 
for reverse biased Schottky structures and cannot be neglected in the model. 

1. Introduction 

The need for an accurate simulation of the electrical characteristics of MESFET, HEW 
and other related structures which use the Schottky contact as a gate electrode to control 
the output characteristics requires a rigorous model. The simulated results are strongly 
dependent on the proper definition of discretization schemes and boundary conditions. 
Although there exists many different approaches for expressing the boundary conditions at 
the Schottky interface [1,2,3], the agreement between simulated and experimental results is 
still generally not satisfactory, especially in the reverse direction of applied voltages [4]. 
Most of the models express the concentrations of electrons and holes at the interface, but in 
many cases, for example the simulation of MESFET structures, the minority carriers are 
neglected [S ] .  'The aim of this paper is to point out the importance of generation- 
recombination processes within the analysed structure. In some cases the hole current 
through the interface exceeds the electron current and the minority carriers cannot be 
neglected. 

2. Description of the simulator 

For the simulation of electrical characteristics of Schottky structures we have used the 
recently developed simulator DEVSIM 161. It is based on a revised theory of current flow 
through the Schottky contact 171. The final expression of current flow takes into account 
not only the therrnionic-emissioddrifi-diffusion current but also the generation- 
recombination current within the space charge region and the injection of holes into the 
quasi-neutral epitaxial region. It can be rewritten in the following form 
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where 

relate contribution of generated/recombinated carriers within the analysed. structure to their 
actual concentrations. The equilibrium free carrier concentrations at the interface are 

po = N, exp - - ( ""3") 
where $b is the effective Schottky barrier height, v h  and vdp have the dimensionality of 

velocity [8],vE , vS, ,v,"t, and \lsP are the recombination velocities through which the 

influence of electric field strength and current density at the interface is introduced [1,9]. 
All other symbols have their usual meaning. 
When the generation-recombination rate is set to zero and the contribution of holes is 
neglected, the derived expression for current has the same form as derived by Crowell and 
Sze [8]. 

3. Experimental work 

For simulation of electrical characteristics we have used the doping profile which can be 
seen in Fig. 1. Also the samples with MoSiTSi Schottky structures with nearly ideal I-V 
characteristics were prepared experimentally and Qb = 0.64 eV was determined from 
forward I-V measurement. The distributions of free carriers at two different applied 
voltages in reverse direction are presented in Fig. la. The free holes generated within the 
space charge region are attracted towards the interface and the increase in their 
concentration with increase of generation rate is evident. Here the hole current in the 
vicinity of the interface may exceed the electron current (Fig. lb). Fig. 2 shows the 
simulated reverse I-V characteristics for different lifetimes of free carriers. For low barrier 
height qb=0.657 eV, which corresponds to the experimentally measured value of qb=0.64 
eV for MoSi2 - Si structure (Fig. 2a), the thermionic emission electron current is very high 
and the contribution of the generation current is masked, when the lifetimes of frse carriers 
is less than s. 
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Fig. 1 a) Doping profile *** and concentrations of free carriers and b) current densities at 
Vr= 55 V (-) and Vr= 82V (-) 

The electron current remains constant for all lifetimes and the increase of total current can 
be attributed to the increase of hole current. For high barrier height qb, = 0.85 eV the 
above mentioned effect dominates the I-V characteristics even for relatively long lifetimes 
of free carriers. From the previous analysis it is clear that the generated holes create the 
hole current which can exceed the electron current at certain reverse bias. Therefore their 
contribution cannot be neglected in the model. This effect has a particular significance for 
all structures with reverse biased Schottky contact on 111-V compounds where the barrier 
height is high and lifetime of free carriers is short. 

Fig. 2 Simulated reverse I-V characteristics for different lifetimes of free carriers for 
a) +b = 0.657 eV and b) qb = 0.85 eV 
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Fig.3 Simulated and experimental I-V characteristics of MoSiz - Si structure a) forward, 
b) reverse 

We also compare the results of simulation with experimentally measured I-V 
characteristics (Fig.3). The very good correlation between simulated and experimental 
characteristics in the reverse direction is based on the introduction of hole current. The 
lower breakdown of experimental sample is determined by the breakdown of a guarded pn- 
junction at the contact periphery and appears earlier as the theoretical limit due to higher 
field in the cylindrical junction [lo]. 

4. Conclusion 

The influence of generation-recombination effects on the total current through the Schottky 
contact has been presented. The contribution of hole current to the total current can exceed 
the contribution of electron current at certain reverse applied voltage even for low barrier 
height and relatively long lifetimes of free carriers. Thus the contribution of minority 
carriers in the modelling of Schottky structures cannot be neglected. The very good 
agreement between the simulated and experimental I-V characteristics can be used as an 
evidence of validity of our approach. 
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