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ABSTRACT 
 

In this paper we compare distributions of concentrations of dopants in an implanted-junction rectifiers in a 

heterostructures with an overlayer and without the overlayer. Conditions for decreasing of depth of the 

considered p-n-junction have been formulated. 
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1. INTRODUCTION 
 
In the present time integration rate of elements of integrated circuits intensively increasing. At the 

same time dimensions of the above elements decreases. To increase integration rate of elements 

of integrated circuits and to increase dimensions of the same elements are have been elaborated 

different approaches [1-10]. In the present paper we consider a heterostructure with two layers: a 

substrate and an epitaxial layer. The heterostructure could include into itself a third layer: an 

overlayer (see Figs. 1). We assume, that type of conductivity of the substrate (n or p) is known. 

The epitaxial layer has been doped by ion implantation to manufacture required type of conduc-

tivity (p or n). Farther we consider annealing of radiation defects. Main aim of the present paper 

is comparison two ways of ion doping of the epitaxial layer: ion doping of epitaxial layer and ion 

doping of epitaxial layer through the overlayer. 

 

 
Fig. 1a. Heterostructure, which consist of a substrate and an epitaxial layer with initial distribution of 

 implanted dopant 
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Fig. 1b. Heterostructure, which consist of a substrate, an epitaxial layer and an overlayer with initial distri-

bution of implanted dopant 
 

2. METHOD OF SOLUTION 

 
To solve our aim we determine spatio-temporal distributions of concentrations of dopants. We 

calculate the required distributions by solving the second Fick's law in the following form [1] 
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Boundary and initial conditions for the equations are 
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Here the function C(x,y,z,t) describes the distribution of concentration of dopant in space and 

time. DС describes distribution the dopant diffusion coefficient in space and as a function of tem-

perature of annealing. Dopant diffusion coefficient will be changed with changing of materials of 

heterostructure, heating and cooling of heterostructure during annealing of dopant or radiation 

defects (with account Arrhenius law). Dependences of dopant diffusion coefficient on coordinate 

in heterostructure, temperature of annealing and concentrations of dopant and radiation defects 

could be written as [11-13] 
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Here function DL (x,y,z,T) describes dependences of dopant diffusion coefficient on coordinate 

and temperature of annealing T. Function P (x,y,z,T) describes the same dependences of the limit 

of solubility of dopant. The parameter γ is integer and usually could be varying in the following 
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interval γ ∈[1,3]. The parameter describes quantity of charged defects, which interacting (in aver-

age) with each atom of dopant. Ref.[11] describes more detailed information about dependence of 

dopant diffusion coefficient on concentration of dopant. Spatio-temporal distribution of concen-

tration of radiation vacancies described by the function V (x,y,z,t). The equilibrium distribution of 

concentration of vacancies has been denoted as V*. It is known, that doping of materials by diffu-

sion did not leads to radiation damage of materials. In this situation ζ1= ζ2= 0. We determine spa-

tio-temporal distributions of concentrations of radiation defects by solving the following system 

of equations [12,13] 
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Boundary and initial conditions for these equations are 
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Here ρ   =I,V. We denote spatio-temporal distribution of concentration of radiation interstitials as I  

(x,y,z,t). Dependences of the diffusion coefficients of point radiation defects on coordinate and 

temperature have been denoted as Dρ(x,y,z,T). The quadric on concentrations terms of Eqs. (4) 

describes generation divacancies and diinterstitials. Parameter of recombination of point radiation 

defects and parameters of generation of simplest complexes of point radiation defects have been 

denoted as the following functions kI,V(x,y,z,T), kI,I(x,y,z,T) and kV,V(x,y,z,T), respectively. 

 

Now let us calculate distributions of concentrations of divacancies ΦV(x,y,z,t) and diinterstitials 

ΦI(x,y,z,t) in space and time by solving the following system of equations [12,13] 
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Boundary and initial conditions for these equations are 
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The functions DΦρ(x,y,z,T) describe dependences of the diffusion coefficients of the above com-

plexes of radiation defects on coordinate and temperature. The functions kI(x,y,z,T) and kV(x,y,z, 

T) describe the parameters of decay of these complexes on coordinate and temperature. 

 

To determine spatio-temporal distribution of concentration of dopant we transform the Eq.(1) to 

the following integro-differential form 
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Now let us determine solution of Eq.(1a) by Bubnov-Galerkin approach [14]. To use the ap-

proach we consider solution of the Eq.(1a) as the following series 
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and averaged dopant diffusion coefficient D0. Substitution of the series into Eq.(1a) leads to the 

following result 
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where sn(χ) = sin (π n χ/Lχ). We used condition of orthogonality to determine coefficients an in the 

considered series. The coefficients an could be calculated for any quantity of terms N. In the 

common case the relations could be written as 
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As an example for γ = 0 we obtain 
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For γ = 1 one can obtain the following relation to determine required parameters 
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The same approach could be used for calculation parameters an for different values of parameter 

γ. However the relations are bulky and will not be presented in the paper. Advantage of the ap-

proach is absent of necessity to join dopant concentration on interfaces of heterostructure. 

The same Bubnov-Galerkin approach has been used for solution the Eqs.(4). Previously we trans-

form the differential equations to the following integro- differential form 
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We determine spatio-temporal distributions of concentrations of point defects as the same series 
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Parameters anρ should be determined in future. Substitution of the series into Eqs.(4a) leads to the 
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We used orthogonality condition of functions of the considered series framework the heterostruc-

ture to calculate coefficients anρ. The coefficients an could be calculated for any quantity of terms 

N. In the common case equations for the required coefficients could be written as 
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In the final form relations for required parameters could be written as 

 

( )







 −
+−

+
±

+
−=

A

yb
yb

Ab

b

Ab
a nInV

nI

2

3

4

2

3

4

3 4
44

λγ
, 

nInI

nInInInInI

nV
a

aa
a

χ

λδγ ++
−=

2

, 

 

where ( ) ( ) ( ) ( )[ ] ( ){∫ ∫ ∫ ++








−++=
x y zL L L

ynn

x

nxnn
Lysyxc

n

L
xsxLTzyxkte

0 0 0
,

212
2

2,,,2
π

γ ρρρρ  

( )[ ] ( ) ( )[ ] xdydzdzc
n

L
zszLyc

n

L
n

z

nzn

y









−++




−+ 12
2

212
2 ππ

, ( )×∫=
t

n

x

n
e

nL 0
22

1
τ

π
δ ρρ  

( ) ( )[ ] ( ) ( )[ ] ( ) [∫ ∫ ∫ −








−+








−+×
x y zL L L

n

z

nn

y

n
ydzdTzyxDzc

n

L
zszyc

n

L
ysy

0 0 0

1,,,1
2

1
2

ρ
ππ

 

( )] ( ) ( ) ( )[ ] ( )[ ] {∫ ∫ ∫ ∫ +−








−+++−
t L L L

znn

x

nxn

y

n

x y z

Lycxc
n

L
xsxLe

nL
dxdxc

0 0 0 0
2

21122
2

1
2

π
τ

π
τ ρ  

( ) ( )[ ] ( ) ( ) ( ){∫ ∫ ++




−++
t L

nn

z

n

z

n

x

xsxe
nL

dxdydzdTzyxDzc
n

L
zsz

0 0
2

2
2

1
,,,12

2
2 τ

π
τ

π
ρρ  

( )[ ] ( ) ( )[ ] ( )[ ] ( ) ×∫ ∫ −








−++




−++
y z

L L

nn

y

nyn

x

x
zdTzyxDzcyc

n

L
ysyLxc

n

L
L

0 0

,,,211
2

12 ρ
ππ

 

( )te
n

LLL
dxdyd

n

zyx

ρ
π

τ
65

222

−× , ( ) ( )[ ] ( )[ ]∫ ∫




+−+








−+=
x yL L

n

y

yn

x

nnIV
yc

n

L
Lxc

n

L
xsx

0 0

12
2

1
ππ

χ  

( )} ( ) ( ) ( )[ ] ( ) ( )tetexdydzdzc
n

L
zszLTzyxkysy

nVnI

L

n

z

nzVIn

z

∫








−+++
0

,
12

2
2,,,2

π
, 

( ) ( )[ ] ( ) ( )[ ] ( ) ( )[ ]∫ ∫ ∫ ×








−+








−+








−+=
x y zL L L

n

z

nn

y

nn

x

nn
zc

n

L
zszyc

n

L
ysyxc

n

L
xsx

0 0 0

111
πππ

λ ρ  

( ) xdydzdTzyxf ,,,ρ× , 
22

4 nInInInV
b χγγγ −= , 

nInInVnInInInInV
b γχδχδδγγ −−= 2

3
2 , 

2

2

3
48 bbyA −+= , ( ) 22

2
2

nInInVnInInVnInVnInInV
b χλλδχδγγλδγ −+−+= , ×=

nI
b λ2

1
 

nInInVnInV
λχδδγ −× , 

4

33 323 32

3b

b
qpqqpqy −++−−+= , 

2

4

2

342

9

3

b

bbb
p

−
= , 

( ) 3

4

2

4132

3

3
542792 bbbbbbq +−= . 

 

We determine distributions of concentrations of simplest complexes of radiation defects in space 

and time as the following functional series 
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Here anΦρ are the coefficients, which should be determined. Let us previously transform the Eqs. 

(6) to the following integro-differential form 
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Substitution of the previously considered series in the Eqs.(6a) leads to the following form 
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We used orthogonality condition of functions of the considered series framework the heterostruc-

ture to calculate coefficients anΦρ. The coefficients anΦρ could be calculated for any quantity of 

terms N. In the common case equations for the required coefficients could be written as 
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3. DISCUSSION 
 
In this section we compare spatial distributions of concentrations of dopant in a heterostructure 

with overlayer and without the overlayer. Fig. 2 shows result of the above comparison. One can 

find from the figure, that using the overlayer gives a possibility to manufacture more shallow p-n-

junction in comparison with p-n-junction in the heterostructure without the overlayer. At the same 

time analysis of redistribution of radiation defects shows, that implantation of ions of dopant 

through the overlayer gives a possibility to decrease quantity of radiation defects in the epitaxial 

layer. 
 

 
Fig.2. Distributions of concentration of implanted dopant in the considered heterostructure.  

 

Curves 1 and 3 describe distributions of concentration of implanted dopant in the heterostructure 

with overlayer. Curve 1 describes distribution of concentration of implanted dopant for the case, 

when dopant diffusion coefficient in the overlayer is larger, than in the epitaxial layer. Curve 2 

describes distribution of concentration of implanted dopant for the case, when dopant diffusion 

coefficient in the overlayer is smaller, than in the epitaxial layer. Curve 2 describes distribution of 

concentration of implanted dopant in the heterostructure without overlayer. 
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It should be noted, that manufacturing the considered implanted-junction rectifier near interface 

between layers of heterostructure gives a possibility to increase sharpness of the p-n-junction and 

at the same time to increase homogeneity of concentration of the dopant in the enriched area [15-

19]. In this situation it is practicably to choose appropriate thickness of epitaxial layer. 

4. CONCLUSIONS 
 

In this paper we analyzed distributions of concentration of implanted dopant in heterostructure 

with overlayer and without overlayer during manufacture an implanted -heterojunction rectifier. 

We determine conditions, which correspond to decrease depth of the p-n-junction. 
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