
International Journal of Applied Control, Electrical and Electronics Engineering (IJACEEE) Vol 4, No. 1, February 2016 

 

 
DOI: 10.5121/ijaceee.2016.4101                                                                                                                      1 

 
INFLUENCE OF TEMPERATURE OF ION IMPLAN-

TATION ON DISTRIBUTION OF CONCENTRATION 

OF DOPANT IN AN IMPLANTED-JUNCTION 
RECTIFIERS 

 

E.L. Pankratov
1
, E.A. Bulaeva

1,2 

 

1 
Nizhny Novgorod State University, 23 Gagarin avenue, Nizhny Novgorod, 

 603950, Russia 

 
2 

Nizhny Novgorod State University of Architecture and Civil Engineering, 65 Il'insky 

street, Nizhny Novgorod, 603950, Russia 
 

ABSTRACT 
 
In this paper we present analysis manufacturing an implanted-junction rectifier in heterostructures. We 

analyzed dependence of distribution of concentration of dopant in the rectifier on temperature of doping. 

We obtain, that increasing of temperature of doping leads to increasing of spreading of distribution of con-

centration of dopant and at the same time to decreasing of quantity of radiation defects. It has been shown, 

that variation of the temperature of heterostructure during the ion implantation gives a possibility to accel-

erate the technological process 
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1. INTRODUCTION 
 

In the present time they are several actual problems of solid state electronics could be considered: 

increasing of integration rate of integrated circuits, reliability and performance of their elements 

[1-10]. At the same time dimensions of elements of integrated circuits decreases. In this paper we 

consider a heterostructure, which includes inti itself two layers: a substrate and an epitaxial layer 

(see Fig. 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 conductivity (p or n). 

We compare two ways of implantation: (i) implantation at room temperature with future anneal-

ing of radiation defects; (ii) implantation at high temperature. We consider temperature of heating 

as equal to temperature of annealing of radiation defects. At the same time our aim is determina-

tion conditions, which correspond to increasing sharpness of p-n-junctions and at the same time 

to increasing of homogeneity of distribution of concentration of implanted dopant in enriched 

area. 
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Fig.1. Heterostructure, which includes inti itself two layers: a substrate and an epitaxial layer 

 
 

2. METHOD OF SOLUTION 
 

To analyze variation of spatio-temporal distribution of concentration of dopant with variation of 

temperature of ion implantation we shall solve the second Fick's law in the following form 

[1,3,11] 
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Boundary and initial conditions for the equations are 
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Here C(x,y,z,t) is the spatio-temporal distribution of concentration of dopant. Parameter DС is the 

dopant diffusion coefficient, which depends on temperature of annealing and materials of the 

considered heterostructure. Spatial and temperature dependences of the dopant diffusion coeffi-

cient could be approximated by the following function [12-14] 
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Here function DL (x,y,z,T) is the independent on any concentrations part of dopant diffusion coef-

ficient. Function P (x,y,z,T) describes the same dependences of the limit of solubility of dopant. 

The parameter  is usually equal to 1, 2 or 3. The parameter describes quantity of charged defects, 

which interacting (in average) with each atom of dopant. Ref.[12] describes more detailed infor-

mation about dependence of dopant diffusion coefficient on concentration of dopant. Spatio-

temporal distribution of concentration of radiation vacancies described by the function V (x,y,z,t). 
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The equilibrium distribution of concentration of vacancies has been denoted as V
*
. It is known, 

that doping of materials by diffusion did not leads to radiation damage of materials. In this situa-

tion 1= 2= 0. We determine spatio-temporal distributions of concentrations of radiation defects 

by solving the following system of equations [13,14] 
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Boundary and initial conditions for these equations are 
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Here   =I,V. We denote spatio-temperature distribution of concentration of radiation interstitials 

as I (x,y,z,t). D(x,y,z,T) are the spatio-temporal distributions of the diffusion coefficients of point 

radiation defects. The quadric on concentrations terms of Eqs. (4) describes generation divacan-

cies 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 V(x,y,z,t) and diinterstitials 

I(x,y,z,t) in space and time by solving the following system of equations [13,14] 
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Boundary and initial conditions for these equations are 
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The functions D(x,y,z,T) are the spatio-temperature distributions of the diffusion coefficients of 

complexes of point radiation defects. The functions kI(x,y,z,T) and kV(x,y,z,T) are the spatio-

temperature distributions of parameters of decay of complexes of point radiation defects. 

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 [15]. To use the ap-

proach we consider solution of the Eq.(1a) as the following series with finite number of terms N 
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diffusion coefficient. Substitution of the series into Eq.(1a) leads to the following result 
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where sn() = sin ( n /L). 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  = 0 we obtain 

 

                


















x y zL L L

nn

y

nn

y

nnC
xsxydzdzyxfzc

n

L
zszyc

n

L
ysya

0 0 0

,,11


 

             










    















t L L L

Ln

y

nnn

x

n

x y z

TzyxDyc
n

L
ysyycxs

n
xd

n

L
xc

0 0 0 0

,,,12
2

1


 



International Journal of Applied Control, Electrical and Electronics Engineering (IJACEEE) Vol 4, No. 1, February 2016 

6 

 

    
   

   





























TzyxPV

zyxV

V

zyxV
zc

n

L
zsz

n

y

n
,,,

1
,,,,,,

11
2*

2

2*1 








 

                   









t L L L

nnn

y

nnnCnCn

x y z

zcysxc
n

L
xsxxcedexdydzdzc

0 0 0 0

21


  

    
 

   
 





























2*

2

2*1

,,,,,,
1

,,,
11

V

zyxV

V

zyxV

TzyxP
zc

n

L
zsz

n

y

n









 
 

                 









t L L

nnn

x

nnnCL

x y

ysycxc
n

L
xsxxcedxdydzdTzyxD

0 0 0

1,,,


  

      
 

 
 

 



















zL

Lnn

y

V

zyxV

TzyxP
TzyxDzsyc

n

L
y

0
2*

2

2

,,,
1

,,,
1,,,21






 
 

 
 

1

65

222

*1

,,,


















 te

n

LLL
dxdydzd

V

zyxV
nC

zzz





 . 

 

For  = 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 

. 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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Spatio-temporal distributions of concentrations of point defects have been determined as the fol-

lowing series 
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Parameters an should be determined in future. Substitution of the series into Eqs.(4a) leads to the 

following results 
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We used orthogonality condition of functions of the considered series framework the heterostruc-
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In the final form relations for required parameters could be written as 
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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 an 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 an. 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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3. DISCUSSION 
 

We analyzed variation of concentration of dopant in space and time with account variation of 

concentration of radiation defects in space and time for two cases: (i) implantation of ions of do-

pant at room temperature; (ii) implantation of ions of dopant at high temperature of considered 

heterostructure. Fig. 2 shows distributions of concentration of dopant for both considered cases 

(curves 1 and 2, respectively). The figure shows, that implantation of ions of dopant at high tem-

perature of heterostructure leads to spreading of distributions of concentration of the dopant in 

comparison with implantation of ions of dopant at room temperature Reason of this situation is 

increasing of dopant diffusion coefficient with increasing of temperature of technological pro-

cess.. At the same time one can find acceleration of diffusion of radiation defects from damaged 

area and acceleration of interaction between these defects (recombination of point defects and 

generation of their complexes). In this situation annealing time of radiation defects decreases in 

comparison with the same time after implantation of ions of dopant at room temperature. 

 

 
 

Fig.2. Distributions of concentration of implanted dopant at room temperature (curve 1) and at higher tem-

perature (curve 2) 

 
 

It should be noted, that using inhomogeneity of heterostructure gives a possibility to increase 

sharpness of p-n-junctions, manufactured near interface of the heterostructure. The sharpness of 

p-n-junctions could be obtained when dopant diffusion coefficient in the epitaxial layer is larger, 

than in the substrate. In this situation one can find acceleration of dopant diffusion in doped area 

during annealing of radiation defects and deceleration of dopant diffusion in nearest area during 

the annealing. The relation between values of dopant diffusion coefficient gives a possibility to 

use semiinsulating property of interface between layers of heterostructure. At the same time ho-
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mogeneity of distribution of implanted dopant increases (see Fig. 3). However in the case optimi-

zation of annealing attracted an interest [16-20]. The optimization has been done framework re-

cently introduced criterion [16-20]. 

 

x

0.0

0.5

1.0

1.5

2.0

C
(x

,
)

2
3

4

1

0 L/4 L/2 3L/4 L

Epitaxial layer Substrate

 
 

Fig.3. Dependences of concentration of implanted dopant on coordinate in direction, which is 

perpendicular to interface between epitaxial layer substrate. Curves 1 and 3 corresponds to an-

nealing time  = 0.0048(Lx
2
+Ly

2
+Lz

2
)/D0. Curves 2 and 4 corresponds to annealing time  = 

0.0057(Lx
2
+Ly

2
+Lz

2
)/D0. Curves 1 and 2 are distributions of concentration of dopant in homoge-

nous sample. Curves 3 and 4 are distributions of concentration of dopant in heterostructure 
 

 

4. CONCLUSIONS 
 

In this paper we analyzed manufacturing of implanted-junction rectifiers at different tempera-

tures. We obtain, that increasing of temperature of doping leads to increasing of spreading of dis-

tribution of concentration of dopant an at the same time to decreasing of quantity of radiation de-

fects. It has been shown, that variation of the temperature of heterostructure during the ion im-

plantation gives a possibility to accelerate the technological process. We introduce an approach to 

decrease continuance of technological process. 
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