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1. Introduction 

A basic problem in the design theory of semiconductor systems 
such as p-n junction devices relates to the determination of the spatial 
variation of electrostatic potential, 4, of electric field intensity, 
and of mobile carrier (hole, electron) concentrations, p and n. 
These quantities are governed by the system geometry as specified by 
the 'built-in' concentration profiles of donor and acceptor impurities 
according to the Shockley-Poisson equation:" 

V2Ilf = 	(") (ND  NA  + p - 
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where the donor and acceptor concentrations, ND  and NA, are given 
functions of position. The mobile carrier densities are related to *, 
and to 	the concentration of carriers in intrinsic material, by the 
Boltzmann relations which apply to non-degenerate materials: 

p 	= 	ni  exp g. p 
 *) 	
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where P = q/KT while
P 

 1 
n 
 denote the quasi-Fermi level potentials 

for holes and electrons which coincide with the Fermi level potential 
0 for equilibrium conditions but differ by an amount equal to the 
externally applied bias voltage in the quasi-equilibrium case corresponding 
to a system in the presence of such bias but with insignificant current 
flow. 

As no method for the analytic solution of equation (1) is available 
problems of this type have up0.1y been treated in terms of a combination 
of two approximate solutions04, appropriate to different regions within 
the system, based, respectively, upon assumptions of (i) space-charge 
neutrality, p n = NA  - ND, and (ii) complete depletion of mobile carriers, 
p n 0. 

The essential feature of such approximate solutions consists of the 
sudden transition, at the edge of the depletion region, from mobile carrier 
concentrations providing complete neutralisation of the fixed impurities 
to zero concentration. Within the depletion layer the potential is thus 
governed entirely by the fixed impurities. 

It has recently been demonstrated(2)that, in principle, any semi-
conductor system under equilibrium or quasi-equilibrium conditions in which 

A complete list of symbols is given at the end of the paper. 
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