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ABSTRACT

In this paper we introduce a approach to organize a drain of radiation defects, which were generated dur-
ing ion doping and other types of radiation processing of the working area of an integrated circuits, manu-
factured in the framework of a multilayer structure. The approach based on the difference of properties of
materials of the layers of the considered multilayer structure. An analytical approach for analysis of mass
and heat transfer in a multilayer structures was introduced with account the spatial and temporal varia-
tions of their parameters, as well as the nonlinearity of the processes under consideration.
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1. INTRODUCTION

Currently one of the intensively solving problems is increasing of performance of solid-state elec-
tronics devices (diodes, field-effect and bipolar transistors, ...) [1-6]. Also the influence of various
types of radiation processing on semiconductor materials is currently being investigated [7-9].
Different approaches to reduce influence of the radiation processing on the considered materials
are revealeding [10-12]. In this paper we consider a multilayer structure, which is presented on
Fig. 1. Next, the ion doping of the epitaxial layer is considered in order to manufacture several
elements of integrated circuit. With time annealing of radiation defects was considered. Main aim
of this paper is to analyze the redistribution and interaction of point radiation defects, as well as
their simplest complexes in the materials of the considered multilayer structure after radiation
exposure.
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Fig. 1b. Three layer structure, which includes into itself a substrate, epitaxial layers and buffer layer (view
from side)

2. METHOD OF SOLUTION

To solve our aim we calculate and analyzed distribution of concentration of point radiation de-
fects in space and time in the considered multilayer structure. We calculate the distribution by
solving the second Fick's law in the following form [13-17]
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Here are I (x,y,z,t) is the spatio-temporal distribution of concentration of radiation interstitials
with the equilibrium distribution 1”; V (x,y,z,t) is the spatio-temporal distribution of concentration
of radiation vacancies with the equilibrium distribution V*; Di(x,y,z,T), Dv(x,y,z,T), Dis(x,y,z,T),
Dvs(x,y,z,T) are the coefficients of volumetric and surficial diffusions of interstitials and vacan-
cies, respectively; terms V2(x,y,z,t) and I1%(x,y,z,t) correspond to generation of divacancies and di-
interstitials, respectively (see, for example, [17] and appropriate references in this book);
kiv(x,y,z,T), kii(x,y,z, T) and kvv(x,y,z,T) are the parameters of recombination of point radiation
defects and generation of their complexes; Q is the atomic volume of dopant; V; is the symbol of

L, L,
surficial gradient; jl (X, Y, Z,t)d Z and IV (X, Y, Z,t)d Z are the surficial concentrations of
0 0

interstitials and vacancies on interface between layers of heterostructure (in this situation we as-
sume, that Z-axis is perpendicular to interface between layers of heterostructure); s (x,y,z,t) is the
chemical potential due to the presence of mismatch-induced stress in the considered multilayer
structure. Distributions of divacancies @y (x,y,z,t) and diinterstitials @& (x,y,z,t) in space and time
could be calculated by solving the following system of equations [16,17]
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Here Dai(X,y,2,T), Dov(X,y,2,T), Dais (X,y,2,T) and Davs(X,y,z,T) are the coefficients of volumetric
and surficial diffusions of complexes of radiation defects; ki(x,y,z,T) and kv(x,y,z,T) are the pa-
rameters of decay of complexes of radiation defects. Chemical potential s in Eqg.(1) could be de-
termine by the following relation [13]

ﬂle(Z)QO-ij [Uij(X,y,Z,t)+Uji(X,y,Z,t)]/2, (5)

1

where E(z) is the Young modulus, g is the stress tensor; U; = —[

2

mation tensor; ui, uj are the components ux(X,y,z,t), uy(x,y,z,t) and u,(x,y,z,t) of the displacement
vector U(X, Y, Z,t); Xi, Xj are the coordinate x, y, z. The Eq. (5) could be transform to the follow-
ing form

—— 4+ —— | is the defor-
8xj O X.
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where o is Poisson coefficient; & = (as-aei)/aeL is the mismatch parameter; as, ag. are lattice dis-
tances of the substrate and the epitaxial layer; K is the modulus of uniform compression; g is the
coefficient of thermal expansion; T, is the equilibrium temperature, which coincide (for our case)
with room temperature. Components of displacement vector could be obtained by solution of the
following equations [14]
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ostructure, d; Is the Kronecker symbol. With account the relation for o last system of equation
could be written as
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Conditions for the system of Eq. (6) could be written in the form

a1(0,y,z,t) 0. ou(L,,y,zt) O_au(x,o,z,t) 0. ou(xL,,zt)

O X O X ’ oy ’ oy

MZO; 8U(X1y1 Lz’t):O; U(X,y,z’o)
o7 0z

—

0,; G(X,y,z,00)=0,.

We calculate distributions of concentrations of radiation defects in space and time by solving of
the Egs.(1) and (3) framework standard algorithm of method of averaging of function corrections
[18-21]. Previously we transform the Egs. (1) and (3) to the following form with account initial
distributions of the considered concentrations
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Farther we replace concentrations of radiation defects in right sides of Egs. (1a) and (3a) on their

not yet known average values aa,. In this situation we obtain equations for the first-order approx-
imations of the required concentrations in the following form
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Integration of the left and right sides of the Egs. (1b) and (3b) on time gives us possibility to ob-
tain relations for above approximation in the final form
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We determine average values of the first-order approximations of concentrations of radiation de-
fects by the following standard relation [18-21]
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Substitution of the relations (1c) and (3c) into relation (7) gives us possibility to obtain required
average values in the following form
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We determine approximations of the second and higher orders of concentrations of dopant and
radiation defects framework standard iterative procedure of method of averaging of function cor-
rections [18-21]. In the framework of this procedure to determine approximations of the n-th or-
der of concentrations of radiation defects we replace the required concentrations in the Egs. (1c),
(3c) on the following sum any+p n-1(X,Y,2,t). The replacement leads to the following transfor-
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mation of the appropriate equations
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Integration of the left and the right sides of Eqgs. (1d) and (3d) gives us possibility to obtain rela-
tions for the required concentrations in the final form
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Average values of the second-order approximations of required approximations by using the fol-
lowing standard relation [18-20]
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Substitution of the relations (1e), (3e) into relation (8) gives us possibility to obtain relations for
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Farther we determine solutions of Egs.(6), i.e. components of displacement vector. To determine
the first-order approximations of the considered components framework method of averaging of
function corrections we replace the required functions in the right sides of the equations by their
not yet known average values «i. The substitution leads to the following result
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Integration of the left and the right sides of the above relations on time t leads to the following
result
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Approximations of the second and higher orders of components of displacement vector could be
determined by using standard replacement of the required components on the following sums
aitui(x,y,z,t) [18-20]. The replacement leads to the following result
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-K (Z)%%IET (x,y,2,7)dzd 3+u,,.

In the framework of this paper we determine concentration of radiation defects and components
of displacement vector by using the second-order approximation framework method of averaging
of function corrections. The approximation is usually enough good approximation to make quali-
tative analysis and to obtain some quantitative results. All obtained results have been checked by
comparison with results of numerical simulations.

3. DISCUSSION

In this section, we will analyze the redistribution of radiation defects during annealing of them
with into account relaxation of missmatch-induced stresses. Typical distributions of concentra-
tions of point radiation defects (for both types of radiation defects, the distribution of concentra-
tions will be similar to each other) in the considered multilayer structures are shown on Fig. 2 for
the case, when the diffusion coefficient of defects in the buffer layer is larger, than the same coef-
ficient in the epitaxial layer. One can find qualitatively similar distributions of concentration for
point defect complexes. It follows from these figure, that the inhomogeneity of properties of the
multilayer structure could decrease quantity of radiation defects in the working region of integrat-
ed circuits of the multilayer structure.

Buffer layer

1(x,t)

Epitaxial layer

X

Fig. 2. Typical distributions of concentration of interstitial atoms (distributions of concentrations of other
types of defects are similar to distributions of concentration of interstitial atoms). Increasing of number of
curves corresponds to increasing of annealing time

4. CONCLUSION

In this paper we introduce an approach for organization of a drain of radiation defects, which
were generated during ion doping or other types of radiation processing of the working area of
integrated circuits, manufactured framework a multilayer structure. The approach based on the
difference of properties of materials of the layers of the considered multilayer structure. An ana-
Iytical approach for analysis of mass and heat transfer in a multilayer structures was introduced
with account the spatial and temporal variations of their parameters, as well as the nonlinearity of
the processes under consideration.
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