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Framework this paper we determine concentration of
dopant, concentrations of radiation defects and components of
displacement vector by using the second-order approximation
framework method of averaging of function corrections. This
approximation is usually enough good approximation to make
qualitative 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 analyzed dynamics of redistributions of
dopant and radiation defects during annealing and under

influence of mismatch-induced stress and modification of
porosity. Typical distributions of concentrations of dopant in
heterostructures are presented on Figures 2 and 3 in direction,
which is perpendicular to interface between epitaxial layer
substrate. Figure 2 corresponds to diffusion type of doping.
Figure 3 corresponds to diffusion type of doping. Increasing
of number of curve corresponds to increasing of difference
between values of dopant diffusion coefficient in layers of
heterostructure under condition, when value of dopant
diffusion coefficient in epitaxial layer is larger, than value of
dopant diffusion coefficient in substrate. These distributions
have been calculated for the case, when value of dopant
diffusion coefficient in doped area is larger, than in nearest
areas. Curves 1 and 3 on Figure 3 corresponds to annealing
time @=0.0048(L,*+L,*+L.?)/D,. Curves 2 and 4 on Figure 3
corresponds to annealing time ® = 0.0057(L.*+L,*+L.%)/Do.
Curves 1 and 2 corresponds to homogenous sample. Curves 3
and 4 corresponds to heterostructure under condition, when
value of dopant diffusion coefficient in epitaxial layer is larger,
than value of dopant diffusion coefficient in substrate.
Annealing time of dopant, which corresponds to Figure 2, is
equal to ® =0.005(L*+L,>+L.*)/Dy. The figures show, that
inhomogeneity of heterostructure gives us possibility to
increase compactness of concentrations of dopants and at the
same time to increase homogeneity of dopant distribution in
doped part of epitaxial layer. However, this manufacturing
approach of bioplar transistor cannot effectively anneal the
dopants and/or radiation defects. The annealing process should
be optimized for the following reasons. If annealing time is
small, the dopant did not achieve any interfaces between
materials of heterostructure. In this situation one cannot find
any modifications of distribution of concentration of dopant.
If annealing time is large, distribution of concentration of
dopant is too homogenous. We optimize annealing time
framework recently introduces approach [29-37]. Framework
this criterion we approximate real distribution of concentration
of dopant by step-wise function (see Figures 4 and 5). These
figures show spatial distributions of dopant in heterostructure
after infusion (for Figure 4) or implantation of dopant (for
Figure 5). Curve 1 is idealized distribution of dopant. Curves
2-4 are real distributions of dopant for different values of
annealing time. Increasing of number of curve corresponds to
increasing of annealing time. Farther we determine optimal
values of annealing time by minimization of the following
mean-squared error.

[C(x, y,z,@)—y/(x,y,z)] dzdydx (22)
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where, ¥ (x,y,z) is the approximation function. Dependences
of optimal values of annealing time on parameters are
presented on Figures 6 and 7 for diffusion and ion types of
doping, respectively. Curve 1 is the dependence of
dimensionless optimal annealing time on the relation a/L and
&=y=0 for equal to each other values of dopant diffusion
coefficient in all parts of heterostructure. Curve 2 is the
dependence of dimensionless optimal annealing time on value
of parameter ¢ for a/L=1/2 and & =y =0. Curve 3 is the
dependence of dimensionless optimal annealing time on value
of parameter & for a/L=1/2 and &=y =0. Curve 4 is the
dependence of dimensionless optimal annealing time on value
of parameter yfor a/L=1/2 and ¢=£=0. It should be noted, that



it is necessary to anneal radiation defects after ion implantation.

One could find spreading of concentration of distribution of
dopant during this annealing. In the ideal case distribution of
dopant achieves appropriate interfaces between materials of
heterostructure during annealing of radiation defects. If dopant
did not achieve any interfaces during annealing of radiation
defects, it is practicably to additionally anneal the dopant. In
this situation optimal value of additional annealing time of
implanted dopant is smaller, than annealing time of infused
dopant.
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Figure 2. Distributions of concentration of infused dopant
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Figure 3. Distributions of concentration of implanted dopant
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Figure 4. Typical spatial distributions of dopant in
heterostructure after dopant infusion
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Figure 5. Typical spatial distributions of dopant in
heterostructure after ion implantation

’e _—Zy
0.4 4
/ o
o 0.3
- .
P ]
3
® 02
] 1
0.1 1
0.0 T T T T T T T T T 1
0.0 0.1 0.2 0.3 0.4 0.5

alL, & ¢,y

Figure 6. Dependences of dimensionless optimal annealing
time for doping by diffusion
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Figure 7. Dependences of dimensionless optimal annealing
time for doping by ion implantation

1.0 4
0.8 <
1
0.6 <
U.
04 -
i 2
0.0 : !
0.0 a

Figure 8. Normalized dependences of component u. of
displacement vector on coordinate z for nonporous (curve 1)
and porous (curve 2) epitaxial layers
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Figure 9. Normalized dependences of vacancy
concentrations on coordinate z in unstressed (curve 1) and
stressed (curve 2) epitaxial layers

Farther we analyzed influence of relaxation of mechanical
stress on distribution of dopant in doped areas of
heterostructure. Under following condition &< 0 one can find
compression of distribution of concentration of dopant near
interface between materials of heterostructure. Contrary (at
&>0) one can find spreading of distribution of concentration
of dopant in this area. This changing of distribution of
concentration of dopant could be at least partially
compensated by using laser annealing [37]. This type of
annealing gives us possibility to accelerate diffusion of dopant
and other processes in annealed area due to inhomogenous
distribution of temperature and Arrhenius law. Accounting
relaxation of mismatch-induced stress in heterostructure could
leads to changing of optimal values of annealing time. At the
same time modification of porosity gives us possibility to
decrease value of mechanical stress. On the one hand
mismatch-induced stress could be used to increase density of
elements of integrated circuits. On the other hand, it could
leads to generation dislocations of the discrepancy. Figures 8
and 9 show distributions of concentration of vacancies in
porous materials and component of displacement vector,
which is perpendicular to interface between layers of
heterostructure.

4. CONCLUSION

In this paper we model redistribution of infused and
implanted dopants with account relaxation mismatch-induced
stress during manufacturing field-effect heterotransistors
framework a two-level current-mode logic gates in a
multiplexer. We obtain, that using difference between
materials of heterostructure and optimization of annealing of
dopant and/or radiation defects gives a possibility to decrease
dimensions of transistors and to increase their density. We
obtain, that using ion implantation gives a possibility to
decrease mismatch-induced stress. At the same time, it is
necessary to choose materials with higher charge carrier
motility and minimal mismatch-induced stress. Minimization
of mismatch-induced stress gives a possibility to use diffusion
type of doping without radiation damage of materials of
heterostructure. Increasing of charge carrier motility gives a
possibility to accelerate of transport of charge carriers. We
also introduce an analytical approach to model diffusion and
ion types of doping with account concurrent changing of
parameters in space and time. At the same time the approach
gives us possibility to take into account nonlinearity of
considered processes.
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