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ABSTRACT - Starting from the basic equ�t1ons for describing the 
phenomena 1n the electron transport processes in solid states 
Ill, 121, the two-dimensional mathematical-physical lllOdel was 
proposed and used for numerical calculations of the 
distribution of charged carriers. A heterogeneous structure on 
the basis of Al-GaAs, where the layer GaAs ls uneveniy doped 
from intrinsic to very large concentration of impuri ties, was 
studied. 

1 . INTRODUCTION 

Part icular structures are becoming i ncreasingly topical 

due to their appl icative characteri st ic i n  electronic. One of 

such structures ls the Metal-Semlconductor-Fi led-Effect­

Translstor' s structure. plotted on Flg. 1 .  which ls the topic of 

the analysi s  or the present paper. 
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Flg . 1 . Gn-As HESFET 
structure 

In the analysis  of electron transport processes i n  such 

structures we start from Maxwel l ' s  equati ons in  the most

general form, on the basis or which the fol lowing system of 

equat ions ls reached: 

j an div  
0

- qat = qR(�. n. p) ( 1 )  
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dlv JP+ q:r = -qR(,i,, n. p)

J = -q [µ n gracl(i') - i:> grad( nl]  n n n 

J = -q [µ p grad('II) + D grad(p)] 
p p p 

dlv grad('II) = � (n-p-c) 
£ 

(2 )  

( 3 )

(4 )  

(5 )  

Only in  some special cases we can arrive at \he expl icit 

analytical solut ion of the quoted system of equat ions. In the 

most general case the solution for the carrier concentrations n 
and p, potent ial ,i, and current densit i es J and J ls reached

n p 
by a numerical procedure of sol vlng the system of equations 

( 1 ) - ( 5 ) . 
2. HATHEHATICAL-PHYSICAL MODEL, CALCULATION, RESULTS 

For the calculation of the potential distribution. and 

carrler• s concentrat ion in some structure. the system of 
eq�at lons ( 1 ) - (S )  can be reduced to the fol lowing three 

equations: 

dlv 

dlv 

dlv grad(i') - � (n-p-c ) = 0 
£ 

[D grad(n) - µ n grad(1')]n n 

[D grad(p)  + µ p grad(t)]
p p 

- R(i', n, p)  

- R(\11, n, p)

( 6 )

an ( 7 )  = 
at 

C 8p ( 8 )  at
By the numerical solut ion of system (6 )- (8 )  with the 

definition of necessary boundary conditions for the . structure 
"'from Flg. 1 ,  and with the adopt ion of corres�ndlng models  for 

particular parameters such as mobl l 1 ty ( µ • µ ) • diffusion
n P 

coefficient (D , D  ) ,  recombination-generation speed and the 
n P 

l ife-t imes of carriers . we arrived at the carrier' s distribut ion 
in the structure under consideration in  the stat ionary regime ,  
i n  the two-dimensional form. The method of fini te differences 
/1/, /2/, /3/ was used in the calculation 

Taking that the distribut ion of the concentration 
impurit ies in GaAs ls of the Gaussian type. we get the n and p 

distribut ions in the structure from Flg. 1 ,  for various values 
of the voltage between the metal parts. On Fig. 2 the 

distribution of the electron concentration and on Fig. 3 the 

distribution of hole  concentration for V =-0. SV, V ::lV ls
gs ds 

presented. 
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Fl g . 2  Di str ibuti on of e lectron concentrati on 

e 
Fl g . 3  Distr i bution of ho l e  concentrat i on 
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The resul ts obtained were compared with the resul ts from 

l iterature obtained for s imi lar structures through other 

numerical approaches (Monte-Carlo simulat ion /41. /5/ and /6/ ) . 

The qual i tat ive agreement can be found. though more accurate 

comparison is  difficult to be achieved. due to various 

part icular technological and geometrical parameters of the 

structure under considerat ion in this paper and those in  

I i  terature. Here the data for GaAs were taken according to 

Ref. /7/. 

3. CONCLUSION

The models and the calculat ion algori thms devel oped in  

this paper together wi th the results obtained provide a 

possibi l i ty to s imulate the transient current-.yoltage 

characterist ics , those considered as wel l  as some s imi lar 

structures . Having in view the influence of technological and 

geometrical parameters on the charged carrier • s distribut ion 

and thereby on the final current vol tage characterist i cs on the 

basis of this structure , these characterist ics can, in this 

manner. be opt imized by choice of parameters. 
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