
1. 	Publication N9 

INPE-3081-PRE/493 
2. Version 3. Date 

April, 1984 
5. 	Distribution 

El Internall3 External 
13 Restricted 

4. Origin 	 Program 

D1E/DCT 	 FISUP 

6. 	Key words - selected by the author(s) 
IMPURITY STA1ES 
I1 VERSION LAYERS 
2-D SYSTEM 

7. 	U.D.C.: 	539.219.1 

8. Title 	 INPE-3081-PRE/493 -' 

2-1? IM-PURITY STATES ASSOCIATEDWITHINVERSION LAYERS 

10. N9 of pages: 	08 

11. Last page: 	07 

12. Revised by 

Hubert° dose 

9. Authorship 	I.C. da Cunha Lima  
P.S. Guimarães 
A. Ferreira da Silva 
J.R.S. Senna 

Responsible author 
. 

13. Authorized by 

Nelsc(n1-41Jesus Para 
Director General 

14. Abstract/Notes 

We obtain the density of states for electrons at the inversion 
layer of an MOS structure due to Nal -  impurities located in the oxide. The 
impurity potential is assumed unscreened. We take account of disorder to 
obtain the configurational averaged Green 'e function starting from a tight 
binding Hamiltonian. 

15. Remarks 	This papei' was presented at "Simposio Latino-Americano deMisi 
ca dos Sistemas Amorfos", Niterói, Feb. 1984 and will be submitted toRevistj 
Brasileira de Fisica. 



2-D IMPURITY STATES ASSOCIATED WITH INVERSION LAYERS 

I.C.da CUNHA LIMA;P.S. GUIMARÃES; A. FERREIRA da SILVAandJ.R. 	SENNA 

Instituto de Pesquisas Espaciais - CNPq, 12200 São José dos Campos, SP, 

Brasil 

ABSTRACT 

We obtain the density of states for electrons at the 

inversion layer of a MOS structure due to Na +  impurities located in 

the oxide. The impurity potential is assumed unscreened. We take account 

of disorder to obtain the configurational averaged Green's function 

starting from a tight binding Hamiltonian. 

It is well known that bound states due to sodium ions in the 

proximity of the Si-S10 2  interface of a MOSFET give rise to impurity 

bands at concentrations that vary between 10 11 -1012  cm-1 . Since the 

earlier calculation of these bound states by Stern and Howard (S-H) 1  

using the effective mass theorem and considering a thickless inversion 

layer, many improvements have been achieved. 

In this work we explore the possibility of an impurity band 

formation taking as single particle eigenstates those obtained by S-H 

corresponding to an unscreened Coulomb potential but assuming a finite 

distance from the impurity to the inversion layer. This distance is 

chosen to be equal to twice the effective Bohr radius. That is due 

to the separation between the peak on the charge density of the 

inversion-layer and the oxide-semiconductor interface. 



We start with an Anderson Hamiltonian 

1= E E at a. + 1 	T.. at a. 	 (1) o 	IQ Ia 	 lj 	10 ia 
1,0 	 i,ja 

with T.. = O. We assume as our base the set of one particle functions 

+1 
< rin > corresponding to a single impurity located at the site n and 

obeying the Schrlidinger equation. 
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where d is the distance (in units of Bohr radius) from the impurity to 

the inversion layer, E0  is given in effective rydbergs (1 Ry* = 42 meV) 

and 

P(r) = r 112  < 7Im >. 	 (3) 

The matrix elements of the Hamiltonian are 

< mIHin > = E
omn 

+ 	< min > + V
mn

] . (1 -
mn

) 	 (4) 

where we have neglected two and three center integrais, 

1+ 	 41 

	

V
mn 

= j dr  < ruir > V(7 - ;
m
) < rin > 	 (5) 

and V(7 -) is the potential seen by an electron due to an impurity 

at -ft
m 

The values of E
o 

as a function of d are easily obtained 

numerically from Eq. (2). The case d=0 corresponds to the 2-D hydrogen 

atom,E0 = -4Ry* and OH = i8/a 43;1  exp(-2r/a0). 



The zero-temperature density of states is calculated by 

using the method of Matsubara-Toyozawa (M-T) 2  with the Green's function 

obtained according to a thebry previonsly developed for impurity bands 

in a semiconductor 3 . The configurational average of the Green's 

function becomes. 
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where E(w) = (1 -  

and 
N i  E(m) 1 2  
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V(t)d2k  

(7) . 
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In the above equation N i  is the number of impuritiespercm2 andV(t) is 

the Fourier transform of the hopping potential. 

We perform the calculation considering the M-T expression 

for Eq. (4). Accordingly we obtain 4  

V() = 126t (E0  - k2 ) P 2 (t) 	RY * ), 	(8) 

where p(t) is the 2-D Fourier transform of tt(i- ). For d = O Eq. (8) 

reduces to 

v() = - 128w (4 + k 2 ) -2  (a (2)  Ryt). 	 (9) 

The density of states obtained from Eq. (6) for the impurity 

concentrations N. =1.55 x 10 11  cm-2  and N. = 3.10 x 10 11  cm-2  are 
t 	 1 

shown in Figs. la and lb for d=0, and Figs. 2a and 26 for d=2. 
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FIGURE CAPTIONS 

Fig. 1 - Density of states with d = O for N i  = 1.55 x 10 11 cm-2 (N i a i2)  = 

= 0.0025) (a), and N i  = 3.10 x 10 11  cm-2  (N i a l2 =0.015) (b). 

Fig. 2 - Same as Fig. 1 for d = 2. 
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