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Abstract

In this paper, we introduce an approach to increase density of field-effect
transistors framework an enhanced swing differential Colpitts oscillator.
Framework the approach we consider manufacturing the oscillator in
heterostructure with specific configuration. Several required areas of the
heterostructure should be doped by diffusion or ion implantation. After that
dopant and radiation defects should by annealed framework optimized scheme.
We also consider an approach to decrease value of mismatch-induced stress in
the considered heterostructure. We introduce an analytical approach to analyze
mass and heat transport in heterostructures during manufacturing of
integrated circuits with account mismatch-induced stress.
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1. Introduction

In the present time several actual problems of the solid state
electronics (such as increasing of performance, reliability and density of
elements of integrated circuits: diodes, field-effect and bipolar transistors)
are intensively solving [1-6]. To increase the performance of these devices
it is attracted an interest determination of materials with higher values
of charge carriers mobility [7-10]. One way to decrease dimensions of
elements of integrated circuits is manufacturing them in thin film
heterostructures [3-5, 11]. In this case it is possible to use in homogeneity
of heterostructure and necessary optimization of doping of electronic
materials [12] and development of epitaxial technology to improve these
materials (including analysis of mismatch-induced stress) [13-15]. An
alternative approaches to increase dimensions of integrated circuits are

using of laser and microwave types of annealing [16-18].

Framework the paper we introduce an approach to manufacture field-
effect transistors. The approach gives a possibility to decrease their
dimensions with increasing their density framework an enhanced swing
differential Colpitts oscillator. We also consider possibility to decrease
mismatch-induced stress to decrease quantity of defects, generated due to
the stress. In this paper we consider a heterostructure, which consist of a
substrate and an epitaxial layer (see Figure 1). We also consider a buffer
layer between the substrate and the epitaxial layer. The epitaxial layer
includes into itself several sections, which were manufactured by using
another materials. These sections have been doped by diffusion or ion
implantation to manufacture the required types of conductivity (p or n).
These areas became sources, drains and gates (see Figure 1). After this
doping it is required annealing of dopant and/or radiation defects. Main
aim of the present paper is analysis of redistribution of dopant and
radiation defects to determine conditions, which correspond to decreasing
of elements of the considered filter and at the same time to increase their
density. At the same time we consider a possibility to decrease mismatch-

induced stress.
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Figure 1(a). Structure of the considered oscillator [24].
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Figure 1(b). Heterostructure with a substrate, epitaxial layers and

buffer layer (view from side).
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2. Method of Solution

To solve our aim we determine and analyzed spatio-temporal
distribution of concentration of dopant in the considered heterostructure.
We determine the distribution by solving the second Fick’s law in the
following form [1, 19-23]:

dC(x, y,2,t) 0 [D dC(x, y, 2, t)}

ot T~ ox 9x

d [D aC(x, y, z, t)} +i[D aCl(x, y, z, t)}

dy Ay 0z 0z
2| D t _
+ Q% ﬁvsul(x, v, 2, t)J Clx, y, W, t)dW
L 0 .
_ L _
0 | Dg
Pl R Ve o2 ) [ Oty Wo0dW | ()
L 0 J
with boundary and initial conditions
dC(x, y, 2, t) dC(x, y, 2, t) dC(x, y, 2, t)
=0, =0, =0,
ox x=0 ox x=L, ay y=0
aC(x’ y’ Z’ t) — 0 aC(x’ y’ Z’ t) — 0 aC(x’ y’ Z’ t) — 0
9y y=L, ’ 0z z=0 ’ 0z z=L, ’

C(x, v, 2, 0) = fo(x, ¥, 2).

Here C(x, y, z, t) is the spatio-temporal distribution of concentration of
dopant; Q is the atomic volume of dopant; V, is the symbol of surficial

LZ
gradient; jC(x, ¥, 2, t)dz 1is the surficial concentration of dopant on
0

interface between layers of heterostructure (in this situation we assume,

that Z-axis 1s perpendicular to interface between layers of
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heterostructure); u,(x, y, z, ) is the chemical potential due to the
presence of mismatch-induced stress; D and Dg are the coefficients of

volumetric and surficial diffusions. Values of dopant diffusions
coefficients depends on properties of materials of heterostructure, speed
of heating and cooling of materials during annealing and spatio-temporal
distribution of concentration of dopant. Dependences of dopant diffusions
coefficients on parameters could be approximated by the following
relations [21-23]:

C(x, y, 2, t)
D = D; (x, y, z, T)[1+ — D
¢c P, 5. 2 1)

2
o 1+QIV(x,y,2,t)+ Va(x, y, 2, t)

* 2 ’

14 (vf

C¥(x, y, 2z, t)

Do =D (x,y,z,T){1+ —_— e

§ - sk s PY(x, y, 2 T)

2
wl1se Vi % 2, Dy, VI . 2. t) ©

14 (v*)

Here Dy(x,y, 2 T) and Dyg(x, y,z T) are the spatial (due to
accounting all layers of heterostructure) and temperature (due to
Arrhenius law) dependences of dopant diffusion coefficients; T is the
temperature of annealing; P(x, y, z, T) is the limit of solubility of
dopant; parameter y depends on properties of materials and could be

integer in the following interval 7y e [1, 3] [21]; V(x, y, 2, t) is the spatio-

temporal distribution of concentration of radiation vacancies; V* is the
equilibrium distribution of vacancies. Concentrational dependence of
dopant diffusion coefficient has been described in details in [21]. Spatio-
temporal distributions of concentration of point radiation defects have

been determined by solving the following system of equations [19, 22, 23]:
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A(x, y, 2, t) _ i{ A(x, y, 2, t)}
at - " Dl(x’ y’ 23 T) ax

+1{Dl(x, v,z T)M}
dy

dy

+ a%{Dz(x, Y, 2, T)—al(x’ L 2 t)}

0z

- kI,I(x’ Y, 2, T)I2(xa Y, 2, t)

- kI,V(xa Y, 2, T)I(x’ Y, 2, t)V(xa Y, 2, t)

LZ
ox

0

LZ
+Qi

dy

Dis

0

aV(x, y, 2t _ 9 aV(x, 5, 2, 1)
T - ax DV(x’ y’ 2, T) ax

2 2Vio 0 2.0
+ ay |:DV(x’ Y, 2, T) ay

9 V(x, y, 2, t)
+ aZ |:DV(x’ y; Z) T) az

- kV,V(x’ Y, 2, T)V2(x’ Y, 2, t)

- kI,V(x’ Y, 2, T)I(xa Y, 2, t)V(x’ Y, 2, t)

_D L
+Qi LS

L 0

D ke
+Qi LS

L 0

5 | kT Vsulx, v, 2, t)IV(x, y, W, t)dW

oy | %7 Vsulx, v, 2, t)J. Vix, y, W, t)}dW

T Vsulx, y, 2, t)j I(x, y, W, t)dW

T Vsulx, v, 2, t)j I(x, y, W, t)dW

3)
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with boundary and initial conditions

aI(x’ y’ Z’ t) — 0 aI(x’ y’ 2’ t) — 0 aI(x’ y’ Z’ t) — 0
ox x=0 ’ ox x=L, , dy y=0 ,
A(x, y, 2, 1) _o My zt) 9y 2t ~0
dy =L, ’ 0z 220 ’ oz =1L, ’
aV(x’ y’ Z’ t) — 0 aV(x’ y’ 2’ t) — 0 aV(x’ y’ Z’ t) — 0
ox x=0 , 0x x=L, ’ dy y=0 ’
oV(x, y, 2, ¢t) _o WVlyvzo  _, V20 _0
dy =L, ’ oz =0 0z 1, ’
I(x, 3, 2,0) = fr(x, 5, 2), Vlx, y, 2, 0)= fy(x, y, 2). (4)

Here I(x, y, z, t) is the spatio-temporal distribution of concentration of
radiation interstitials; I™ is the equilibrium distribution of interstitials;
Di(x, y,2,T), Dy(x, 5,2, T), Dig(x, 5, 2, T), Dyg(x, y, 2, T) are the
coefficients of volumetric and surficial diffusions of interstitials and
vacancies, respectively; terms V2(x, y, z,t) and Iz(x, y, 2, t) correspond

to generation of divacancies and diinterstitials, respectively (see, for
example, [23] and appropriate references in this  book);

krv(x, y,2 T), kr 1(x, y, 2, T) and ky y(x, y, 2, T) are the parameters
of recombination of point radiation defects and generation of their
complexes.

Spatio-temporal distributions of divacancies ®y (x, y, z,¢) and
diinterstitials ®(x, y, 2, t) could be determined by solving the following

system of equations [19, 22, 23]:
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0P (x, y, 2, t)
ot

0Dy (x, v, 2, t)

ot

d
= E[DCDI(X’ Y, 2, T)
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oD (x, v, 2, t)
ox

] 0P;(x, y, 2, t)
+ ay |:D<D1(xa Y, 2, T) ay
0P;(x, y, 2, t)}

0
+$|:D<D1(xa Y, 2, T) oz

L, T
Visu (x, v, 2, t)J. D;(x, y, W, t)dW
0

0 D@[S
kT

LZ
Visuy(x, y, 2, t)j D;(x, y, W, t)dW
0

0 D‘-D[S
+ QE T

+ kr 1(x, 9, 2, I?(x, v, z, t)
+kr(x, v, 2, T)(x, y, 2, t);

0
= _|:D¢V(x’ Y, 2, T)

0Dy (x, v, 2, t)
ox

ox

Py (x, y, 2, t)}

0
+$|:D<Dv(x’ Y, 2, T) ay

0Dy (x, v, 2, t)
0z

0
+ $|:D¢V(x’ Y, 2, T)

_ L _
3 | Doys

k—j‘ivsul(xa Y, 2, t)J‘ q)V(x’ Y, W’ t)dW
0

- L

D
+ Qi IT]‘:S Vi (x, v, 2, t)J. Dy (x, y, W, t)dW
0

dy

+ ky y(x, v, 2, TW2(x, y, 2, t)

+ kV(x’ Y, 2, T)V(xa Y, 2, t)a (5)
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with boundary and initial conditions

WPl y, 28y 9Prlx, v, 2 0) _o 921l vzt
ox ©=0 ’ ox =L, ’ ay y=0 ’
a(bl(xa Y, 2, t) =0 aq)[(xa Y, 2, t) =0 a(bl(xa Y, 2, t) =0
ay y:Ly 0z z=0 9z z=L,
WPy (x, y, 20 _ ) 9Py 5 21) _o vy 20
ox £=0 ’ ox =L, ’ dy =0 ’
8<I>V(x, Y, 2, t) =0 aq)V(xa Y, 2, t) =0 aq)V(x’ Y, 2, t) =0
ay y:Ly dz z=0 0z z=L,
D(x, 9,2 0) = for(x, y, 2), Py, ¥, 2 0) = fey(x, v, 2). (6)

Here Dgj(x, v, 2, T), Doy (x, ¥, 2, T), Dprs(x, ¥, 2, T) and Dgyg
(x, v, 2z, T) are the coefficients of volumetric and surficial diffusions of
complexes of radiation defects; kj(x, y, z, T) and ky(x, y, 2z, T) are the

parameters of decay of complexes of radiation defects.

Chemical potential p; in Equation (1) could be determine by the

following relation [19]:

W = E(2)Q0ji[u;i(x, v, 2, t) + uji(x, v, 2, 1)]/ 2, (7)
where E(z) is the Young modulus, o;; is the stress tensor; u; =%

du;, ou;)\ . .
L+ 7| is the deformation tensor; u;, uj are the components
ax] axi

ue(x, v, 2, t), uy(x, y, 2, t) and u,(x, y, 2, t) of the displacement vector
u(x, y, 2, t); x;, x; are the coordinate x, y, z. The Equation (3) could be

transform to the following form:
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J a j > ’ ,t
u(x, y, z, t):[auz(X, Y, 2, t)+ u](x y, z )}

8x] axi

1[0ou;(x, y, 2, t)  dujlx, y, 2, t)
X <= +
2 ax] axi

(5(2)5ij duy (x, y, 2, t)
~ Eody + 1-20(2) { oxy, - 380}

- KEBEIT(, 3, 2 0) - Ty} g B@),

where ¢ is Poisson coefficient; €y = (a;, — agr, )/agr is the mismatch
parameter; a,, agy, are lattice distances of the substrate and the
epitaxial layer; K is the modulus of uniform compression; B is the
coefficient of thermal expansion; 7, 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 [25]:

azux (x’ Y, 2, t) _ acxx(x7 Y, %, t) acxy(x’ Y, 2 t) acxz(xa Y, 2, t)
p(2) o2 B ox " dy " oz ’
a2uy(x, y; 29 t) acyx(x’ y’ Z; t) acyy(x9 y’ 25 t) acyz(x, y; 23 t)
P) ot2 - ox " dy " 0z ’

o(2) 82uz(x, Y, 2, t) _ 96, (x, ¥, 2, t) . 90,y (x, ¥, 2, t) N d6,,(x, v, 2, t)
o2 ox dy oz ’

where

S E(2) du;(x, v, 2,t) N duj(x, y, 2,1) _ﬁ duy (x, v, 2, t)
Y9l + o(2)] 0x ox; 3 0x

+ K(Z)S auk(x, Y, 2, t)

y ox -B(z)K(2)[T(x, y, 2, t) - T,], p2) is the density
k

of materials of heterostructure, §;; is the Kronecker symbol. With account

the relation for 6;; last system of equation could be written as
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p(Z)—azux(x’ Y, 2, t) = {K(Z) + 5E(Z) } azux(x’ Y, 2 t)

o2 6[1 + o(2)] ox2

E(Z) a2uy(x’ Y, 2 t)
A c(z)]} dxdy

azuy(% Y, 2, t) N 82uz(x, y, 2, t)
ay? 92>

E(2) azuz(x, ¥, 2, t)
i [K(Z) * 31+ 6(2)]} 0x0z
_ K(2)pz) L 2. 2 ),

ox

azuy(X, s 2, 1) E(2) azuy(X, Y5 2, 1) N %u,(x, y, z, t)
onc2 0xdy

0 E(2) duy(x, y, 2, t) N du,(x, y, 2, t)
Tz 21 + o(z)] 0z oy

%u,(x, y, 2, t) 5E(z)
+— 2 {12[1 + o(2)] i K(Z)}

E(Z) azu (x’ Y, 2, t)
* {K(Z) CeL+ G(Z)]} ) 0yoz
K@) azuy(x, ¥ 2, 1)

0xay
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3%u,(x, y, 2, t) E(z) |[0%u,(x,y,21)  %u,(x, y, 2 t)
p(z) b} = 2[1 ] 9 + B}
ot +0(2) ox ay

. azux(x, Y, 2, t) . azuy(x, ¥, 2, t)
0x0z 0yoz

a b b ’t
+i K(2) du, (x, y, z, t)Jr uy(x, y, 2, t)
0z 0x ay

. du,(x, v, z, t) . 10 E(2) 6 du,(x, y, 2, t)
0z 6 0z |1+0(z2) 0z

COuy(x, y, 2, t) duy (x, y, 2, t) _uy(x, y, 2, 1)
ox dy 0z

- K(epe) L2210, ®

Conditions for the system of Equation (8) could be written in the form

C0u(Ly, y, 2, t)

i dulx, L., z, t
0; o: ou(x, 0, 2, ¢) _ 0; ( y ) _o;

0u(0, y, 2, t) _
- ox ’ dy oy

ox

7 ou L
au(x’a“l’ 0.1) 0; e, gz =t _ 0; u(x, y, 2, 0) = ug; ulx, y, 2, ) = Uy.

We determine spatio-temporal distributions of concentrations of
dopant and radiation defects by solving the Equations (1), (3) and (5)
framework standard method of averaging of function corrections [26].
Previously, we transform the Equations (1), (3) and (5) to the following

form with account initial distributions of the considered concentrations:
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ot T o

0z

9 [DM} folx, v, 2)3(0)

Dg
el

ox

Ay dy

0z

LZ

Vsulx, y, 2, t)J. Clx, y, W, t)dW

0

dC(x, y,2,t) 0 [D dC(x, y, z, lt)}r J {D dC(x, y, z, t)}

- L

d | Dg
+ Q| Vs, 3,2, 0) ! Cl, y, W, AW |,

o(x, y,2,t) 0 dl(x, y, z, t)
— g{Dl(x, Y, 2, T)T

d(x, y, 2, t)}

d
¢ 215, 2 2

0 A (x, y, 2, t)
¢ 215, 2 2

L, ]

+ QE WVSul(x, Y, 2, t)z'). I(x, y, W, t)YdW

] , ]
+ 0 21D g (e, y, 20 [ T, 3, W, Daw

dy | kT
0

- kLI(x, Y, 2, T)Iz(x, y, 2, t) — kLV(x, y, 2, T)

x I(x, y, z, t)V(x, y, z, t) + f1(x, ¥, 2)d(t);

35

(1a)
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T ox ox

aV(x, y,2,t) 0 aVi(x, y, 2, t)
at ax DV(x’ y’ 25 T)

N aV(x, v, z, t)}

|:DV(JC, Y, 2, T) ay

S

|

N aV(x, y, z, t)}

|:DV(xa Y, 2, T) aZ

Q)

4

+Qi

LZ
D
o Vv (x, y, 2, t)j Vix, y, W, t)dW]

kT
0

LZ
+Q 3 { T Visu (x, v, 2, t)! Vix, y, W, t)dW]

—kyy(x 3 2 TV, y, 2, 8) - kpy(x, v, 2, T)

x I(x, y, z, t)V(x, y, 2, t) + fy(x, v, 2)d(t), (3a)

0D (x, y, 2, t d
I(x—yz):_{Dq)I(x,y,z,T) .

aq)[(x’ Y, 2, t)
ot ox
0 0P;(x, y, 2, t)

) 0P (x, y, 2, t)
+$[D¢I(X, Y, 2, T)T

- L .

o | Dos
+ QE kj{, VS“I(Xa Y, 2, t)J‘ CI)I(x, Y, W’ t)dW
0

- L

3 | Do,s
+Q$ kT{ VS“l(xa Y, 2, t)-([(bl(xa Y, Wa t)dW

+ kr(x, y, z, T)(x, y, 2z, t) + ky 1 (x, ¥, 2, T)

X Iz(x’ Y, 2, t)+ fCPI (x’ Y, Z)S(t)’
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0Py (x, y,2,t) _ 0 Iy (x, , 2, t)
T e i

9 oDy (x, y, 2, t)
o [D¢V (x, 3, 2, 1) 22r L 2. 2 1)

dy

P 0Py (x, y, 2, t)
+$[D<pv (x, ¥, 2, T)T

L,
d D‘va

0

L,
0 DCPvS

oy | kT

0

+ kV(xa Y, 2, T)V(x7 Y, 2, t)

+ky,v(x, y, 2, TWV3(x, 3, 2, ) + fo, (x, 5, 2)3(2).

ox KT VSul(x’ Y, 2, t)J va(x, Y, W; t)dW

Vsh(x, v, 2, t)j Dy (x, y, W, t)dW

37

(5a)

Farther we replace concentrations of dopant and radiation defects in

right sides of Equations (1a), (3a) and (5a) on their not yet known average

values 0yp. In this situation, we obtain equations for the first-order

approximations of the required concentrations in the following form:

aCl(x’ Y, 2, t) _ d DS
ot - OCICQ o z KT VSMl(x’ Y, 2, t)
5[ Dg
+ 0‘1095 Zﬁvsﬂl(x, ¥, 2, t) |+ felx, y, 2)8(¢), (1b)
ol (x, y, 2, t) _ d [Dig
— 5 - o stu(x, Y, 2, t)

0 D
+ 01 7Q o [z k—é‘? Vsh(x, y, 2, t)} + fr(x, v, 2)3(¢)

2
—oirkr 1 (x, 5, 2, T) = aqroqyky v (x, v, 2, T);
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oVi(x, v, 2, 8) _ d [ Dys
¥ Y. 20 2 v
at VZQ a kT Sul(x’ Y, 2, t)
o[ D
rary@ 2= B Ve, 3. 20|+ frle 5. 260
— afvky v (x, ¥, 2, T) - agpouvky v (x, v, 2, T), (3b)
0Py (x, ¥, 2, ) 9 | Do,
Rl U AN IA Bl < Sy
ot o205 | T VsHile . 20
ol | Dos g 0|+ o, (x, 3, 2)8(2)
+(X1q>IZ ay kT sh\x, vy, 2, + f(I)I X, Yy, =
+ ky(x, v, 2, T)I(x, y, 2, t)
+kp (%, 3, 2, T2 (x, , 2, 8);
anlv(x, Y, 2, t) d DQDV
- v
ot Moy 50| T Veti(E 3. 2 0)
g 20 | DovS oo O+ fa (@ v, 2)5(2)
1<I>VZ ay kT SHi\x, ¥, 2, Py X, Y, 2

+ ky(x, v, 2, T)WV(x, y, 2, t)

+ky v, 3, 2 TV, v, 2, t). (5b)

Integration of the left and right sides of the Equations (1b), (3b) and
(5b) on time gives us possibility to obtain relations for above

approximation in the final form
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t

z
Ci(x, v, 2, 1) —(XlCQ J (x, v, 2, T)ﬁ
0

Vix, y, 2, 1)

*

1+C_',1

2 o
+ Gy Vv (x, Y 2, T) VS“l(x’ y, 2, ’C) [1 + &’S 1C
)2 Y T)
(v*) P(x, y, z,

:

QS‘XYC
PY(x, y,2,T)

t
+o4¢ aa—y_[DSL(x, v, 2 T)1+
0

z Vix, y, 2, 1)
+ QVguy (x, v, 2, ’C)ﬁ|:1 +q e

V2(x, y, 2, 1)

+6
S

]dr +folx, v, 2), (1c)
a t
Lix, y, 2,t) = alIZQa—I—T Vs (x, y, 2, T)dt
0

0 [ Dis
+0c1[zQa—y —TVSul(x ¥, 2, 1)dt + f1(x, 5, 2)

O Sy

- a%szl,l(x, y, 2, T)dt - a11alvjk1,v(x, y, z, T)dr;
0 0

0 [Dys
Vilx, y, 2, t) = Oc1VZQa—_([ T S Ve (x, ¥, z, )dr

+ o0 3 [ S Vs, 3, 2 e+ fiylx, 3, 2)

t t
- (X%‘/J.kV,V(x, y, 2, T)d’l? - ocuoclVJ.kLV(x, Y, 2, T)d‘C,
0 0

(30)
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0
@7(x, v, 2, t) = a1¢1298 I T VSHl(x y, 2, 1)t
0

t09 Days Vo ( T)dT o + fp ( )
ax kT Sul X, Y, 2, 1q>12 [y X, Yy, 2
0

t

+ Ikz(x, y, z, T)I(x, y, z, 1)dt
0

+ sz,z(x, y, z, TI%(x, y, z, 1)d5;
0

CI>VS
kT

0
Pyy (¥, 3, 2, 1) = Mgy 2Q = J Vsh(x, ¥, 2, T)dt

t
D
+ Qij. 2V s (x, y, 2, )dtaey, 2
0

ox kT

t
+ foy (x, ¥, 2) + ka(x, ¥, 2, TV(x, y, z, t)dt
0

+ IkV,V(X, y, z, TW2(x, v, 2, 1)dr. (5¢)

We determine average values of the first-order approximations of
concentrations of dopant and radiation defects by the following standard
relation [26]:

Ly

!

p1(x, ¥, 2, t)dzdydxdt. 9)

o'-—.%b'
o'—.Nh

Q]
%0 = QL. L LZJ).



ON PROGNOSIS OF MANUFACTURING OF AN ... 41

Substitution of the relations (1c), (3¢) and (5c) into relation (9) gives
us possibility to obtain required average values in the following form:
L,LyL

I
oo = folx, v, z)dzdydx,
1€ "L, LL, J 1 ¢

o7 = (ag + A)2 -4 B+ ®azB + ®2LxLyL2a1 _ag+ A
11 — 4 9 a 4a
Qy 4 4
Lx Ly Lz
0
Gy =g o J J. sz(x, y, 2)dzdydx — o;1S1700 — ©Ly LyL, |,
oo | %11
000
where
L LyL

PP i

O'—;@

J.kp olx, ¥, 2, T)Il(x ¥, z, VY (x, v, 2, t)dzdydxdt,
0

9
ay = S1100 (vaoo - SHOOSVVOO)’

2
as = StvooStroo + Stvoo — S1100Svvoos

fy (&, ¥, 2)dzdydx SpyooSfyoo + Srvoo®Li Ly L

O'—;Qh
o'—.l\)h

Q

[\

Il
o'—'&b4

+ 28yv00S 1100 f1(x, y, 2)dzdydx

ot—.%h
o'—.Qb4
o'—.mh

~ ®L2ZL2L2Syy00 — Sy fr(x, y, z)dzdydx,

o'—'&b4
o'—‘Qh
o'—.l\)h

a = Svoo f1(x, y, 2)dzdydx,

o'-—.xb'
o'—.Qh
O"—'Nh
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2
LLyL,

x Y
ay = Syvoo I J f1(x, y, 2)dzdydx | |
000

™~

2
A= [8y+02% 4022
ai Qy

B=%+§’/Vq2+p3 P N
4

3 2
g =% (4a0 ~OL,L,L, “1“3)— e? % [4@(12 e a—3]

2402 ay 8a2 ay
3 4
®%a3 ,2.9,2 ©7aj
-2 2 2
5404 8 4

o2 4apay - OL,LyL,a a3 _ Oay
12a§ 18ay

p:

Ly
__ Rn Sir20 1
;= QLL,L, ' OL,L,L, ' L,L,L, !:

LyLz
J J.fq:’[ (x’ Y, Z)dZdydx,
00

Lx
__ Bwn Syvao 1 J'
ey = OL.L,L, " OL.L,L,  LLL, J

Ly Lz
I Ifq>v (x, ¥, z)dzdydx,
00

kr(x, v, 2, T)Ili(x, y, z, t)dzdydxdt.

o '—;Qﬁ
o '—'Nh

0]
where R,; = J(G) —t)
0

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 corrections [26].
Framework this procedure to determine approximations of the n-th order

of concentrations of dopant and radiation defects we replace the required
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concentrations in the Equations (1c), (3c), (5¢) on the following sum

Opp + Pp-1(x, ¥, 2, t). The replacement leads to the following transformation

of the appropriate equations:

9Co(x, ¥,2,t) _ 9 1JFE)[OCzc +Cy(x, 5, 2, ) 1+g Vix, 5 2,¢)
ot ox P'(x, y,2,T) '

V2(x, y, 2, t)

+s
S

0C(x, v, 2, ¢
Dy, y, 2, 1) 2O 220 ]

2
+i 1+€]_ V(x’y’z’t)+g2V (X,y,Z,t) acl(x’y’z’t)
dy v (V*)2 dy

[OC c +C (x, Y, 2, t)]Y
x Dy (x, v, z, T){l +E=2 PY(xT v, 2, T) B

, -
+%[[1+€1 V(x7 Y, %2 t)+€2 4 (x’ Y, % t) DL(x’ Y, 2, T)

* vy

% acl(x7 y,Z,t) 1+E‘,[(x2C+Cl(x’ y,Z,t)]Y
9z P(x,5,2,T)

+fc(x, y,2)8(t)

LZ
o0 |D
0x ﬁvsul(x’ Yz t)_([ [age + Clx, y, W, t)ldW

L,

Vi (x, v, 2, t)J [oge + Clx, y, W, t)[dW ¢,
0

9 | Dg

Ok

(1d)
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IUy(x, y, 2, 1) _
ot

ot
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J aIl(x’ Y, 2, t)
= {Dz(x 2 T)——5——

+i[D1(x, v, 2 T)

dy

dy

0 aIl(x’ Y, 2, t)
+ g[l)z(x, Y 2, T)T

2
= k106, 3, 2, Tloagy + L(x, y, 2, ) -k v(x, 5,2 T)

X [all + Il(x’ Y, 2, t)] [(le + V]_(xa Y, 2, t)]

LZ

J D

+ Qa{VsM(x, Y, 2, t)f [ogr + I (x, y, W, t)]de_ék?}
0

L,
0 | Djg
+ Qa—{ T Vulx, y, 2, t I[oczz + L(x, y, W, t)]dW}

d
= g[Dv(x, v, 2 T) P

0
+=-|Dylx, y,2, T
[ vi(x, y ) o

dy
J aVil(x, y, 2, t)
+ g[‘DV('x’ y9 2, T)a—z

—ky v (e, v, 2 Dlogy +Vi(x, 3, 2, O0F —kry(x, 3,2, T)

X [oqy + I (x, y, 2, O)][oqy + Vi(x, y, 2, t)]

L,
+ Qai{VsH(x ¥, 2, t I[OLzV + Vl(x y, W, t)|dW k‘j’f}

L,
+ Q aa {l])cT Vshlx, v, 2, t J[ocw + Vi(x, y, W, ¢) ]dW}

(3d)
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0Por(x, v, 2, t 0
M = _|:D<D1(xa Y, 2, T)

0P7(x, v, 2, t)
ot ox

ox

0P7(x, v, 2, t)}

0
+ g{DrbI (x, 5,2, T) %

L

D z
YN fid VSu(x,y,z,t)I [(qu)l + @17 (x, 5, W, 1)|dW
0

ox | kT

+kr r(x, 3, 2, T2 (x, 3, 2, 1)

LZ
o | Do,s
+Q§{ k]l’ VSH(x,y,Z,t)J[(x2q>I+CI>H(x,y,W,t)]dW}
0

+ ky(x, y, 2, T)I(x, y, 2, t)

0Py (x, y, 2, t)

> } + fo, (x, ¥, 2)8(t);

0
+$|:D<D1(xa Y, 2, T)

0DPyy (x, v, 2,t) 9

— 2| Doy w32 1)

9 0Py (x, y, 2, t)
ot ©ox

ox

J 0Py (x, y, 2, t)
+ $|:D<Dv(x’ Y, 2, T)

dy

LZ
o | Days
+Q${ r VS“(x’y’z’t)_[[0°2<1>V+‘1>1v(x,y,W,t)]dW
0

kT

+ ky y(x, v, 2, TW2(x, y, 2, t)

L

D 2
+Qi Dy S VS“(x’y’Z’t)J. [(xZ(DV +<I)1V(xay’W,t)]dW
0

dy | kT

+ kV(x’ Y, 2, T)V(xa Y, 2, t)

d aq)lV (x’ Y, 2, t)
+ g[D‘bV (x, ¥, 2, T)a—z + f‘bV (x, Y, 2)5(’5)-

(5d)
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Integration of the left and the right sides of Equations (1d), (3d) and
(5d) gives us possibility to obtain relations for the required concentrations

in the final form

t
Y
Cylx, v, 2, 1) ij‘ [0‘2C+Cl(x Y, 2, 7)]
0 5 PY(x, y, 2, T)

X

2
1+g Vix, y, 2, 1) . Va(x, y, 2, T)]

v =2 v}

dC (x, y, 2, 1)

5 dr

X DL(x’ Y, 2, T)

t

+iJ-DL(x’ Y, 2, T)
dy )

*

Vix,y, 2,1 Vix, y, 2,1
Log Vlerzn, ((3% 1
V*

% aC]_(xa Y, 2, T) 1+ & [azc + C]_(x’ Y, 2, t)]y
% P'(x, 3,2 T)

L 2
aij-[ Vi(x, y,z T)+g2 Vv (x,y,z,r)]DL(x, y.2.T)
0

ey

Y
Qe 2Dyl Oy 2 I e, fe 2
0z PY(x, y,2,T)

t L,
aiJ- S ven(x, v, 2, 1 J-[achrCl(x vy, W, 1)|dWdr
0

+—J.Vsux ¥, 2, ’C)QD [(xzc +C(x, y, W, 1)|dWdnr,
0

(1e)
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t
o ol (x, ¥, 2, 1
I2(x7 Y, 2, t) = gJ‘DI(Xa Y, 2, T)%dr
0

t
0
+ gj.l)z(x, y, 2 T)
0

ol (x, ¥, 2, 7)

3 drt

¢
8 aI]_(xa Y, 2, T)
+ > ‘([Dl(x, v,z T) 5 dr

t
- J.kl,l(x’ Y, 2, T) [(Xz] + Il(xa Y, 2, T)]Zdr
0
t
_J.kLV(x’ Y, 2, T)[(X'ZI +I]_(x’ Y, 2, T)][(X'ZV +V]_(x’ Y, 2, T)]dT
0

t L,
9 D
+ a‘([VSM(QQ Y, 2, T) ké‘?' ‘([ [aZI + I].(x7 Y, W, T)]deT

t Lz
+ aiJ-VSu(x, Y, 2, T)J. [ogr + I (x, y, W, r)]Q%der;
ly kT
0 0
d Vi ( )
X, ¥, 2, T
Volx, y, 2, t) = gJ.Dv(x, Ys 2, T)+ dt
0
5 [ Vi ( )
9 1 X, Y, 2, T
+ % IDV(x, Y, 2, T)—By drt
0
5 [ Vi ( )
9 1(x, ¥, 2,1
+ o IDV(x, Y, 2, T)—az drt

0

t
- ka,v(x, y, 2, T)ogy + Vi(x, v, 2, )Pde
0
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- J.kI,V(x7 Y, 2, T)[(X2I +Il(xa Y, 2, T)][(XZV +V1(xa Y, 2, ﬁc)]dﬁc

t Lz
0 D
+ EJ.VSH(x, Y, 2, T) kLTS ! [agy + Vi(x, y, W, 1)]ldWdt

t L,
d
v o [ Vs 329 [ foay + Vite, 2 W, )
0 0

ng AWdz + fy (x, y, 2), (3e)

0 0Py7(x, 3, 2, T
q)zl(xa Y, 2, t) = a‘[l)@[(x% Y, 2, T)H(a—x:y)drt

0D ;(x, v, 2, T)

L9
dy

3 Dy, (x, y, z, T)dr

o'.—.w.

t
9 oPys(x, ¥, 2, 7)
+ ‘([D(bl (x, 5,2, T) 5 dt

Dg,s ¢
T z[ [a2¢1 + @17 (x, ¥, W, ’C)]de’C

t
0
+Q$J.Vsu(x,y,z,r)
0
+Q— 0 J. Days J [(xz(bl +@;7(x,y,W,1) ]dWVSu(x ¥,2,7)dT
t
+ Ikz,z(x, y, 2, T)I*(x, y, 2, 1)dt

t
+ Ikz(x, y, 2, D)(x, y, 2, V)dt + fo, (x, ¥, 2);
0
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0Py (x, ¥, 2, 1)

oy dr

Doy (x, ¥, 2, t) JD¢V x, 5, 2 T)

t
v 2 J Wyl 5.2 0 Do, (x, y, 2, T)dz
0

dy dy

0Py (x, v, 2, 1)

e dr

+

t
d
$J'D¢V(x, y, 2 T)
0

LZ

D
J. [a2¢v +®yy (x,,W,7)|dWdr
0

t
9 DS
e v
+an£ sh(x,y,2,7) 7

+Q_j Days I [°°2q>V + @y (2, 5,W,7) ]dWVSu(x ¥,2,7)dT
+ Ikv,V(X, y, z, TWV?(x, v, z, t)dr
0

t
+ Ikv(x, y, 2, TWV(x, y, 2, V)dt + fo, (x, 3, 2). (5e)
0

Average values of the second-order approximations of required

approximations by using the following standard relation [26]:

Lx Ly

e}
Qg = OL.L.L. L A E[_([ E[ [Pa(x, ¥, 2, t) — p1(x, ¥, 2, t)|dzdydxdt.  (10)

o'—.mb4
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Substitution of the relations (1e), (3e), (5e) into relation (10) gives us

possibility to obtain relations for required average values o)

dgc = 0, dopr = 0, Aoy =0,

2 2
o — \/(b3 vEP 4(F L OuF O LLLL | b+ E
by 4b,

2
Cy — a3y Syvoo — ey (2Syvo1 + Stvi0 + OL, Ly L, )- Syvos - Sivin
Svo1 + 02y Stvoo

Qoy =

’

1 1
where by = or——— StvooSvvoo - LI I StvooSiroo;
xHyHz x=y Tz

b = _ S11005vv00
g =

oL,L,L, (2Svvo1 + Spvi0 + OL,L,L,)

. S1vooSvvoo

OL,L,L, (Srvor +28m0 + Sivor + ®LxLyLZ)

SHao SH00S1vio
+—(28V‘701 + Sry10 + ©L, L, L )——,
®L,LyL, T ®3L‘?CL§,L‘2

S1700S ,
b2 = —(f)IZ'(J)J(:LZZ:O (SVV02 + SIVII + CV) - (SIVIO - ZSVVOI + @LxLyLZ)

S S
+%(®Lx%% + 2S00 + SIVOl)

S1voo

T OL,L,L,

(Stvor + 280 +2S1vor + OL,LyL;)
X (2SVV01 + G)LxLyLz + SIVlO)

52
- ﬁ (Cy ~ Syyoz —Stvi1)

CrSHvoo  2Smvio S1e0Svor
@?L2[2L: OL.L)L,
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S + S +C
b1 = Str00 IVH@L ZVEZ V- (2Syyo1 + Spvio+ ©L,L,L,)
xtylz

S
+ —OL_(OL,L,L, +2S1110 +S1vo1)2Syvor + Spvio + ©LyLyL, )
OL,L,L,

Svi0Sivor _ Stvoeo
OLyLyL,  OL.L,L, BS1vor +2Smo + ®LxLyLz)

x (Cy = Syyoz — Sivi1) + 2C1S1vooStvor

S 2
by = ﬁ (Srvoo + Syvoz)

S 1
- V0L —(®L,L,L, +2S510 + S1vo1)(Cy - Syvez — Stvi1)

L,L,L. ©
9 Cy -8 -S
+2C1SHyo1 — Sy LoV 02 _2IVIL(QL, L, L, +2S1110 +S1vo1);
OL,L,L,
2
cp = v g i7Smoo  Sm20Sm20  Sivia
OL,L,L, OL.L,L, OL.L,L, OL.L,L,

2
Cy = o101y Stvoo + 4y Syvoo — Svvoz — Sivits

2
E=[sy+028 4022
ai Ay

F:%+%/Vr2+sg —r—%/\/r2+s3 +r,
4

3
r—®b2[4bo—®LLL mj

- 24p2 YT by
313 2 2 442
SOy O Tyen, - @2 B | 222 90
54b3 8b2 by 8b?

@2 4b0b4 - @LxLyLzblbg B ®b2

S = .
1267 18b4
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Farther we determine solutions of Equations (8), 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 ;. The substitution

leads to the following result:

3%uy, (x, v, 2, t) oT(x, v, 2, t)
plz) 2 5 = - K(p(e) 220,
azul (x’ Y, 2, t) aT(x, Y, 2, t)
ple) 2 = — K)o
82 z( ’ ’ ’ t) aT( > > ’t)
pla) U = - K(Be) =50

Integration of the left and the right sides of the above relations on
time ¢ leads to the following result:

t o
Ui (x, v, 2, t) = ug, + K(z B—Zai'”‘ x, ¥, 2, 1)dtdd
00

to

upy(x, v, 2, t) = up, + K(z )B—ai“. x, y, 2, T)dtdd
00

.

J.J-T(x, y, z, T)dtdV,

00

t o

J.J-T x, y, 2, T1)dtdd

00

I
IIT(x, y, 2, T)dtd®.
00
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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 a; + u;(x, ¥, z, t) [26].

The replacement leads to the following result:

E)zuzx(x, ¥, 2, t) _ {K(z) 5E(z) }82u1x(x, Y, 2, t)

Pz) o7 * B+ 0(2)] "

E(Z) }a2u1y(x’ Y, 2, t)

* {K(Z) 31+ o(2)] 0x0y

N E(2) a2u1y(x, Y, 2, 1) N azulz(x, Y, 2, t)
2[1 + o(2)] ay? 92>

_dT(x, y, 2, 1)

228 g (e)pe) + {K(z)

a2ulz(xa Y, 2, t)

0x0z ’
p(Z) 82u2y(x’ Y, 2, t) _ E(Z) azuly(xa Y, 2, t)
o2 2[1 + o(2)] ox2

a2u1x(x7 Y, 2, t) aT(xa Y, 2, t)
¢ Salt g 20 O 22 1) gy

py E(2) duyy (x, ¥, 2, 1) duy,(x, y, 2, t)}}
0z ay

Tz 20+ o2)] '

Puy(x, y,2,t) [ BE(2)
+ . % {12[1 To()] K(Z)}

2
_ E(Z) a u]_y(x’ Y, 2, t)
* {K(Z) 6[1 + (5(2)]} 0yoz
%upy(x, y, 2, t)
0x0y ’

+ K(2)
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azuzz(x, ¥, 2t _ E()
92 T2l + o(2)]

a2ulz(xa Y, 2, t) + a2ulz(xa Y, 2, t)

p(z)
ox? 8y2

+ azulx(x’ y’ Z) t) + a2u1y(x’ y’ 23 t)
0x0z ayaz

+ i K(z2) au1x(x, Y, 2, t) + auly(x, Y, 2, t)
Jz o %

+ aulx(xa Y, 2, t):|}
0z

+ E(Z) i 6 aulz(x’ y’ Z’ t) _ aulx(x, y, Z’ t)
6[1 + o(z)] 0z 0z ox

B duyy (x, ¥, 2, t) COup(x, y, 2, 8) | dugy(x, y, 2, t)
oy 0z dx

3 duyy(x, ¥, 2, 1) _ duy,(x, y, 2, ) E(2)
dy dz 1+ o(2)

oT(x, y, 2, t)

- K(2)ple) T2

Integration of the left and right sides of the above relations on time ¢

leads to the following result:

1 5E(z) ) 02 ¥
u2x(x, v, 2, t) = @{K(Z) + 6[1 T G(Z)]} axz E[‘([uflx(x, Y, 2, T)d’Cd‘G

x
1 az
" @{K(Z) 3[1 +o(z } oxdy E[_([uly x, y, 2, 1)dtdd

to
E(z [a—J-J. uy(x, y, 2, T)dtdd
p(2) | 9y2

00
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¢
1

+ — 7 _([!ulz x, ¥, 2, 1)dtdd )
L L o ﬁ ( r)drdﬁ{K( )+ﬂ}

p(z) 0xdz ) Oulz s TR+ o]
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9
2 0
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1 9 E(z) i
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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. Typical distributions of concentrations of dopant in
heterostructures are presented on Figures 2 and 3 for diffusion and ion
types of doping, respectively. These distributions have been calculated for
the case, when value of dopant diffusion coefficient in the epitaxial layer
is larger, than in the substrate. The figures show, that inhomogeneity of
heterostructure gives us possibility to increase sharpness of p-n-junctions.
At the same time one can find increasing homogeneity of dopant

distribution in doped part of epitaxial layer. Increasing of sharpness of
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p-n-junction gives us possibility to decrease switching time. The second
effect leads to decreasing local heating of materials during functioning of
p-n-junction or decreasing of dimensions of the p-n-junction for fixed
maximal value of local overheat. However framework this approach of
manufacturing of field-effect transistor it is necessary to optimize
annealing of dopant and/or radiation defects. Reason of this optimization
is following. 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
homogeneous. We optimize annealing time framework recently
introduces approach [15, 25-32]. Framework this criterion we
approximate real distribution of concentration of dopant by step-wise
function (see Figures 4 and 5). Farther we determine optimal values of

annealing time by minimization of the following mean-squared error:

Lx Ly Lz

1
V=TIl -([ Z'). J [C(x, y, 2, ©) — y(x, y, z)|dzdydx, (11)

xHytiz

where y(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. 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 achieves 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 in
heterostructure from Figure 1 in direction, which is perpendicular to
interface between epitaxial layer substrate. 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.
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Figure 3. Distributions of concentration of implanted dopant in
heterostructure from Figure 1 in direction, which is perpendicular to

interface between epitaxial layer substrate. Curves 1 and 3 correspond to

annealing time © = 0.0048(L2 + L%, +I2)D,. Curves 2 and 4

correspond to annealing time © = 0.0057(L2 + L% +I2)/Dy. Curves 1

and 2 correspond to homogeneous sample. Curves 3 and 4 correspond to
heterostructure under condition, when value of dopant diffusion
coefficient in epitaxial layer is larger, than value of dopant diffusion

coefficient in substrate.
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Figure 4. Spatial distributions of dopant in heterostructure after dopant
infusion. 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.

NN

Figure 5. Spatial distributions of dopant in heterostructure after ion
implantation. 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.
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Figure 6. Dependences of dimensionless optimal annealing time for
doping by diffusion, which have been obtained by minimization of mean-
squared error, on several parameters. Curve 1 is the dependence of

dimensionless optimal annealing time on the relation a/L and
& = v = 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
€& = v = 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 y for a /L =1/2 and e=&=0.
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Figure 7. Dependences of dimensionless optimal annealing time for
doping by ion implantation, which have been obtained by minimization of
mean-squared error, on several parameters. Curve 1 is the dependence of
dimensionless optimal annealing time on the relation a/L and
& = v = 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
€& = v = 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 y for a /L =1/2 and e=&=0.

Farther we analyzed influence of relaxation of mechanical stress on
distribution of dopant in doped areas of heterostructure. Under following

condition €3 <0, one can find compression of distribution of

concentration of dopant near interface between materials of

heterostructure. Contrary (at €5 > 0) one can find spreading of
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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 [29]. This type of annealing gives
us possibility to accelerate diffusion of dopant and another processes in
annealed area due to inhomogeneous distribution of temperature and
Arrhenius law. Accounting relaxation of mismatch-induced stress in
heterostructure could leads to changing of optimal values of annealing
time. Mismatch-induced stress could be used to increase density of
elements of integrated circuits. On the other hand could leads to
generation dislocations of the discrepancy. Figure 8 shows distributions of
component of displacement vector, which is perpendicular to interface

between layers of heterostructure.

1.0

0.8

0.6

04 —

0.2

0.0 T ]
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 distributions of charge carrier mobility in the
considered heterostructure. Curve 1 corresponds to the heterostructure,
which has been considered in Figure 1. Curve 2 corresponds to a
homogeneous material with averaged parameters of heterostructure from

Figure 1.

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 an enhanced
swing differential Colpitts oscillator. We formulate recommendations for
optimization of annealing to decrease dimensions of transistors and to
increase their density. We formulate recommendations to decrease
mismatch-induced stress. Analytical approach to model diffusion and ion
types of doping with account concurrent changing of parameters in space
and time has been introduced. At the same time the approach gives us

possibility to take into account nonlinearity of considered processes.
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