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We consider the possibility to increase the field-effect transistor's density in a
switched-capacitor step-down DC-DC converter. Based on this approach we
analyzed the manufacturing of the converter in a heterostructure with a
special structure. Some specific sections of the heterostructure must be doped
by ion implantation or by diffusion. After this procedure optimized annealing
has been done. We also obtained conditions for decreasing mismatch-
induced stress value in this heterostructure. An analytical approach for the
analysis of heat and mass transport in multilayer structures has been
introduced. The approach gives a possibility without crosslinking of
solutions on interfaces between layers, taking into account (i) spatial
variation of parameters of considered processes; (ii) temporal variation of
parameters of considered processes; (iii) nonlinearity of considered
processes; and (iv) mismatch-induced stress.
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1. INTRODUCTION

Currently density of elements of integrated circuits and their performance intensively increasing.
Simultaneously with increasing of the density of the elements of integrated circuit their dimensions decrease.
One way to decrease dimensions of these elements of these integrated circuit is manufacturing of these
elements in thin-film heterostructures [1]-[8]. An alternative approach to decrease dimensions of the elements
of integrated circuits is using laser and microwave types annealing of dopant and/or radiation defects (these
defects were generated during implantation of ions) [9]-[18]. Both types of annealing (laser and microwave)
give a possibility to obtain inhomogeneous distribution of temperature. Inhomogeneity of temperature leads
to inhomogeneity of all temperature- dependent parameters (diffusion coefficient and other) due to the
Arrhenius law. The inhomogeneity of properties of materials during doping gives a possibility to decrease
dimensions of elements of integrated circuits [19]. Changing of properties of electronic materials could be
obtain by using radiation processing of these materials [8], [9].

In this paper we consider a cascaded-inverter circuit based on field-effect transistors described in [4]
see Figure 1. We assume, that the considered element has been manufactured in heterostructure from
Figure 1. The heterostructure consist of a substrate and an epitaxial layer. The epitaxial layer includes into
itself several sections manufactured by using another material. The sections should be doped for generation
into these sections required type of conductivity (n or p). We consider two types of doping: diffusion of
dopant and implantation of ions of dopants. Framework this paper we analyzed redistribution of dopant
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during annealing of dopant and/or radiation defects to formulate conditions for decreasing of dimensions of
the considered a cascaded-inverter circuit.
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Figure 1. The considered cascaded-inverter [4]

2. METHOD OF SOLUTION
To solve our aim, we shall analyze spatio-temporal distribution of concentration of dopant. The
distribution has been determined by solving the following boundary problem [1], [3], [19].

o2Cx,y,z,t) 2 2 C(x,y,z,t o 2 C(x,y,z,t 7 2C(x,y,z,t
2Cbye)_ 2 2Ckual)l, 2 g 20Uy, 2 g JCky.LY ®
X JX oy oy ot ot
Boundary and initial conditions could be written as (2).
aC(x,y,z,t) 0 oC(x,y,z,t) 0 oC(x,y,z,1) 0o oC(x,y,z,t) 0
ox x=0 a X x=Ly 0 y y=0 0 y x=Ly (2)
Cleyzt) _gaCky.zt) g, c(xy.20=F(xy2)
oz |, oz |

The function C(x,y,z,t) describes the distribution of dopant concentration in space and time; T is the annealing
temperature; parameter D¢ describes the diffusion coefficient of dopant. Let us approximate considered
dependences of diffusion coefficient of dopant on different parameters by using the relation, which has been
obtained by analysis [20]-[22]

b, —D.(x y,z,T)[Hggj((xx’—yy;-;ﬂ[lﬂlv tyzy), VG y);z,t)} ®

The dependence Di(x,y,z,T) is the independent on any concentrations part of dopant diffusion
coefficient. The dependence P (x,y,z,T) is the dopant solubility limit. Value y e [1], [3] is integer in the
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considered interval [20]. Dependences V (x,y,z,t) is the radiation vacancies concentration distribution in space
and time with equilibrium distribution V*. The considered dependence of diffusion coefficient of dopant on
concentration C (x,y,z,t) has been discussed in [20]. It is known that diffusion doping did not leads to
generation of radiation defects and £1=¢£>=0. We calculate distributions of radiation defects concentrations in
space and time as solution of the equations, which are presented [21]-[23].

ol(x,y,zt 0 ol(x,y,zt 0 ol(x,y,z,t
szt 2o o) 020 2 ) RED iy

(4)

+%[DI (x,y, z,T)%)Z/’Z’t)}— Ky (X, y,2,T)1(x,y,2,t)V(x,Yy,2z1)

Nzt o Viyzt)], o Vleyzt)] :
ot _ax{DV(X’y’Z’T) T +ay D, (x,y,2,T) oy Koy (%Y, 2TV (x,y,2,t)+
+£[Dv(x,y'z,-|—)6v ();:'Z’t)J_k"V(X'y'Z’T)I (%, y,z,t) V(x,y,2,1)

Initial conditions and boundary conditions could be written as (5).

ap(xy,2,t) 0’ap(x,y,z,t) :O,(’Bp(x,y,z,t) _O,Gp(x,y,z,t) 0,

OX x=0 ox x=Ly oy y=0 oy y=Ly (5)
ap(x y, Z,t) = O ] M = 0 ] p(xyy,Z,O):fp (X’ylz)

0z o0 oz L

Here are p =1,V. The considered function I (x,y,z,t) describes distribution of radiation interstitials
concentration in space and time with equilibrium distribution 1”; functions D(x,y,z,T) describe dependences
of point radiation defects diffusion coefficients on spatial coordinates and temperature; terms V2(x,y,z,t) and
12(x,y,z,t) describe generation of divacancies and diinterstitials, respectively; function kiv(x,y,z,T) describes
dependences of recombination parameter of point radiation defects on spatial coordinates and temperature;
functions k,i(x,y,z,T) and kvv(x,y,z,T) describe dependences of parameters of point radiation defects simplest
complexes generation on spatial coordinates and temperature. Now let us calculate spatio-temporal
distributions of divacancies @y(x,y,z,t) and diinterstitials @(x,y,z,t) concentrations by solving of the
equations, which are presented [21]-[23]

ot OX OX oy
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Initial conditions and boundary conditions could be written as (7).
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Functions Dap(x,y,z,T) describe dependences of diffusion coefficients of simplest complexes of
point radiation defects on spatial coordinates and temperature; functions ki(x,y,z,T) and kv(x,y,z,T) describe
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dependences of parameters of decay of the considered complexes on spatial coordinates and temperature. We
obtain spatio-temporal distributions of point radiation defects concentrations concentrations framework
approach, which has been recently elaborated [19]. Framework the approach we transform diffusion
coefficients approximations to the next form: Dy(x,y,z,T)=Dop[1+&s gu(X,y,2,T)]. Here Do, describe the
diffusion coefficients average values, 0<g,<1, |g0(x,y,z,T)[<1, o =1,V. The same transformation we used for
approximations of generation of their complexes parameters and recombination of point defects: kiv(X,y,z,
T):ko|vv[l+é‘|vv g|,v(X,y,Z,T)], k|,|(X,y,Z,T):|(o|,|[1+8|,| g|,|(X,y,Z,T)] and kv'v(X,y,Z,T):kov,v [1+6\/,\/ gv,\/(X,y,Z,T)].
Here kop1,02 are the averaged values of the considered parameters, 0<gv<1, 0<g,<1, 0<evv<l, | giv(X,y,z,
NIL, | 9i(xy,z, T, |gvv(xy,z,T)[<1. Let us introduce the following dimensionless variables: y = x/Ly,

=D, Dy, t/L2, T (x,y,2,t)=1(x,y,2,t)/1", V(x,y,2,)=V (X, y, Zt)V", &= Loy /
=y, Q= szw Dy Dy, , ¢ = z/L,. After using of these variables we obtain (4) and conditions (5) in the
following form

ol (zn.$.9)__ D, a{[ngl(Zl,],¢,T)]aT(x,n,¢,9)}+a{[Hglgl(Zlnlqﬁ,T)]af(z,n,aﬁﬂ)}x
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We calculate solutions of (8) with account conditions (9) by using approach, which was introduced recently
[18]. Framework the approach we determine the required solution as
gy EOQZEW (z.m.0,9) (10)

i=0

e

T
1)

p(r.m0.9)=

After substitution of the above series (10) into recently considered (8) with conditions (9) leads to obtaining
of equations for the zero-order approximations of point radiation defects concentrations IOOO(;(,U,¢,19) and

Viwo(£,77,4,9). Also we obtain corrections for them T, (7,7,4,9) and Vi, (z,7,4,9), i 21, j 21, k >1 based

on the substitution. We present the obtained equations in Appendix in the end of the paper. We solved the
obtained equations by Fourier approach in the standard form [24], [25]. We present the obtained solutions in
the Appendix in the end of the paper. Now let us calculate of point radiation defects of simplest complexes
distributions of concentrations in space and time. Let us transform diffusion coefficient's approximations to
the next form: Day(X,Y,2,T) =Doap[1+sa,0a(X,y,2,T)]. Here Do, are the averaged means of the considered
diffusion coefficients. After this transformation we obtain (6) in this form
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After considered transformation we will determine solution of obtained equations in the following form (11).
CI)p(x,y,z,t)zi%g(‘qu)pi(x, y,z,t) (11)

Substitution of the considered series into above equations and conditions for them leads to obtaining
equations for functions @ii(x,y,z,t) and @vi(x,y,z,t) (for i >0) and conditions for them. We present the obtained
equations and conditions in the Appendix in the end of this paper. We solved the obtained equations by
Fourier approach in the standard form [24], [25]. We present the obtained solutions in the Appendix in the
end of the paper.

Now let us determine spatio-temporal distribution of dopant concentration by using the same
approach, which we used for solution of equations of radiation defects. In this situation we again transform
approximation of diffusion coefficient (now diffusion coefficient of dopant) to the same form as for diffusion
coefficient of radiation defects: Di(x,y,z,T)=Do[1+ a.gi(X,y,z,T)]. Here Do is the averages mean of diffusion
coefficient of dopant, 0<a <1, |gL(x.y,z,T)[<1. Now let us to solve (1) as the following form:

C(X’ y’ Z’t): igli_igjcij (X’ y! Z!t)

i=0 j=1

Now we take into account this series into (1) and relations (2). After this accounting we obtain
equations for all functions Cij(x,y,z,t) (for i 20, j >0) and conditions for them. The obtained equations and
conditions for them are presented in the Appendix. We solved the obtained equations by Fourier approach in
the standard form [24], [25] and present these solutions in the Appendix in the end of paper.

In this paper we analyzed spatio-temporal distributions of radiation defects and infused or
implanted dopant concentrations. To make the analysis we used the second-order approximations of these
concentrations on all parameters, which were used framework obtained solutions. Usually, the considered
approximation is enough good approximation to obtain some quantitative results and make some
qualitative analysis. All obtained analytical results were checked by comparison with results of numerical
simulation.

3. DISCUSSION

Now we make analysis of spatio-temporal distributions of dopant with account redistribution of
radiation defects. We present on Figure 2 typical distributions of dopant concentration in space near
interface between layers of heterostructures. We obtain the considered distributions for the following case:
diffusion coefficient of dopant in doped area is larger, than the same coefficient in the nearest undoped
areas.

Under the condition the Figure 2 shows increasing of compactness of dopant distributions
framework the field-effect heterotransistors (increasing of number of curves on these figures describes larger
difference between magnitudes of coefficients of diffusion of dopant in layers of the considered
heterostructure). At the same time one can find, that homogeneity of distribution of dopant concentration
increases. Vice versa relation between values of diffusion coefficients of dopant leads to vice versa result see
Figure 3, increasing of number of curves on these figures describes larger difference between magnitudes of
coefficients of diffusion of dopant in layers of the considered heterostructure).

It is necessary to note, that using the considered approach of manufacturing of field-effect
heterotransistors leads to necessity optimization of value of annealing time of the considered dopant. We
optimize the annealing time by using the criterion, which has been recently introduced [26]-[32]. To make
the optimization we approximate real distribution of concentration of dopant by step-wise function y(x,y,z).
These approximations are presented on Figure 4. The considered value of optimal annealing time we
obtained by minimization of mean-squared error

1
LLL

Xy —z

U:

“}yg[c(x Y,2,0)-w(x,y,z)]d zd yd x (12)
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Figure 2. These figures are (a) Distributions of infused dopant concentration, and (b) Distributions of
implanted dopant concentration. Curve 1 and curve 3 describe distribution of dopant at time of annealing ©=
0.0048(L,?+Ly?+L,%)/Do. Curve 2 and curve 4 describe distribution of dopant at time of annealing @=
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Figure 3. These figures are (a) Distributions of infused dopant concentration, and (b) Distributions of implanted
dopant concentration. Solid lines describe distributions dopant in heterostructure, which includes into itself two
layers: substrate and epitaxial layer. Dushed lines describe distributions dopant in a single layer
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Figure 4. These figures are (a) Infused dopant distributions. Curve 1 describes idealized stepwise distribution.
Curve 2, curve 3 and curve 4 describe actually existing distributions of concentration of dopant at different
means of time of annealing, and (b) Implanted dopant distributions. Curve 1 describes idealized stepwise
distribution. Curve 2, curve 3 and curve 4 describe actually existing distributions of concentration of dopant
at different means of time of annealing
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Dependences of optimal means of time of annealing on different parameters were presented on
Figure 5. Standard procedure after ion implantation is annealing of generation during the implantation
radiation defects. During ideal annealing of defects dopant should achieves nearest interface between layers
of considered heterostructure. If the considered dopant does not achieve the interface the annealing, then it is
attracted an interests additional annealing of dopant. In this situation annealing time from Figure 5(b) is
smaller, than analogous time from Figure 5(a).

5 0.12 -
05,
N 2
0.4 . )
/ o 0.08 - 4
+, 034 . Y / .
o 1 3 g 1 .
® 0.2 A 3
| 1 0.04
1
0.1 - ]
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0.0 0.1 0.2 0.3 0.4 0.5 0.0 0.1 0.2 0.3 0.4 05
alL, & ¢y alL, & gy
(@) (b)

Figure 5. These figures are; (a) Dimensionless optimized time of annealing of infused dopant as a function of
several parameters. Curve 1 as a function of dimensionless optimized time of annealing on relation a/L and &
=y=0 at the equal values to each other of dopant diffusion coefficient in all materials of heterostructure.
Curve 2 as a function of dimensionless optimized time of annealing of the parameter ¢ at a/L=1/2 and £=y=
0. Curve 3 as a function of dimensionless optimized time of annealing on parameter & at a/L=1/2 and e=y=0.
Curve 4 as a function of dimensionless optimized time of annealing of parameter y at a/L=1/2 and e=£=0.
(b) Dimensionless optimal annealing time of implanted dopant as a function of several parameters. Curve 1
describes the dependence of the 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 describes the dependence of the
annealing time on value of parameter ¢ for a/L=1/2 and {=y=0. Curve 3 describes the dependence of the
annealing time on value of parameter & for a/L=1/2 and e=y=0. Curve 4 describes the dependence of the
annealing time on value of parameter y for a/L=1/2 and e=£=0

In this section, it is explained the results of research and at the same time is given the
comprehensive discussion. Results can be presented in figures, graphs, tables, and others that make the reader
understand easily [2], [5]. The discussion can be made in several sub-chapters.

4. CONCLUSION

Based on modelling of redistribution of implanted and infused dopants in heterostructures during
formation of field-effect heterotransistors in switched-capacitor step-down DC-DC converter we formulate
recommendations to modify technological process for decreasing of dimensions of the considered transistors
and with simultaneous increasing of their de

Nsity. We also formulate several recommendations for decreasing of mismatch-induced stress in
heterostructures. As an accompany result of this paper we introduce an analytical approach for prognosis of
mass and heat transport during manufacturing of elements of integrated circuits.

APPENDIX
Functions Iijk (;(,77,415, 3) and Vijk (;(,77,¢, .9) described by the following equations for any values

of indexes i>0, j>0, k>0
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200y (28T ) Viao (2 72,8,9) Toao (212,60 9) Voo (2.0, I o (27,8, 9)|

loo(2.1.4.9) _ [Dy {627002(1177,¢u9)+ P lu(r.1..9) , &low(z.1.4, 9)}_

09  \D, Y% on? o4

~fren 9., (rm b Tz .09 10 (2.1.0.9)

a\—/:)oz(l’ﬂifbi ‘9) Doy |:82\—/;02(;(,77,¢, ‘9)+ 82\7;02(7(177’¢"9)+ 62\7;02(;(’771¢’ l9)j|_

09  \D, 01 on? 04

~[+ e, 000 (2716, E)Noo(2.11.0, 9o (2.7.6,9)

B o7 on’ o4

5'101()(1771(15, ‘9) D,, |:62r101(l”77’¢’ 3)+82E01(7(’771¢1 9)+62|~101(Zi771¢v‘9)j|+
09 D,

4 &{8i|:g|(l’77’¢a-r)aIOOl(Z'U’¢’19):|+i|:g|(1177’¢’T)aIOM(Z,U’¢,9):|+
X on on
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Conditions for considered functions are

0 0py(2.1.6.9)

aﬁijk(}(’nv¢1‘9) -0, apuk(lﬂ¢‘9)| -0 aﬁijk(l’ﬂx¢’3) _
on

i) :0!
aZ x=0 al x=1 67]
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n=0

0 P (Za771¢’ ‘9) -0, 0 Py (Z’Uv¢1‘9) ~0 (i20, j20, k0):
a¢ $#=0 a¢ ¢=1

,5000(7(:77,9'5-0): fp(li771¢)/p* , ,5ijk (751771¢10)=0 (i21, )21, k=1)

Solutions of the considered equations are
~ R, 22
pooo()(a .9, ‘9) = T + EEanC(Z) C(ﬂ) C(¢) enp(lg)

(;rnu)}cos(ﬂnv)lcos(ﬂnw)fn (u,v,w)dwdvdu, en,(S):exp(—frznZS Dy /Do, ) ca(z)

Here F =—
p o
=cos(zny), €, (‘9 eXp( 2‘9\/ ol /Dov )

Lo aal (UVWr)><

T(zm,8,9) =27 |20 e (1)e(n)elpe, (9) e, (o) s, W)e, (v)

Dov n=1 0 0 0 0 ou
x ¢, (w)g, (u,v,w,T)dwdvdudr -2z [%incn(;()c(n)c(g/ﬁ)en, (Q)Ten, (- r)}cn(u)}sn(v) x
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0 Vv

< o e, 0, g v 2= g wgyaug ey
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el e, 0] W, (u,v,w,T)Wd wdvdudr  is1

Here sn(%) issin(7n z);
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4 1
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Por(2:,8,9) ==22.¢,(2)e ()e, (#)e, (9)]e,, (7). ()] e, ()] e, (w) x

0 0 0
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xfen, (—r)}cn(u)}sn(v)}cn(u)g, (u,v, W,T)a |i1°°(;\’/v’ W'T)d wdvdudz—27 /% x
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Pu$nc,(1)c, (n)e, (#)e, ()] e (), () e, W) g, (uv,wT)x

D,, " 0 0 0 0

ol
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|~101(Zv771¢’ ‘9)2 -2

n=1

X cn(w)Wd wdvdudz—27 /&incn(g) c,(7)c,(9) e, (9)x

x}sn(v)}cn(w)g, (u,v,w,T)ﬁrm(u—’V’W’T)d wdvdudr— 27[\/?%”@“ (9)c, (x)c, ()c, (4)x

0 ov

xfen, (- r)}cn(u)}cn(v)}sn(w)g, (u,v,w,T)ml(u—’v\J’W’T)d wdvdud T—ZE.ZIC” (z)c,(m)c, () x
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o 07D gvus 2 2 S, 2)6,0)5, 00, 0 () )
s ool ) 2 v 2 2o S, (3 ) o) )
e e e, 0. g, v ) Vo) ggaua e 25, () o) )
< (9)en olfe, (e, (e, (w) e 61,9, (v T 0w o) Vv ) dwavdud =
Tl ,9)= 25, (2)e, (7)c, (B)e (9)fen (=), (u)] , (e, (W T v, i)

<[+, Wvw T v,wo)+ e, 9, (u,v,w,T)]I~001(u,v,w,r)\zm(u,v,w,r)}d wdvdudz
Vo (2.1,,9) =250, ()6, (1)e, (#)en, (9)] e, (=), (u) e, (V)T e, (W Tglt v wi7)

x i+, g, 0w T (v )+ [t 2,9, (0900 T 0,9, 00,2 Voo (0, v W, 2)fd wd vd ud 2

Equations for the considered functions @i(x,y,z,t), i=0 could be written as

Ad,,(x,y,2,1) D, (xy,2,t) 2D, (xy,2,t) F2D,(xy,z1t)
ot = Do X2 T oy T2 i

+k (6 Y, 2, TP (x, y,2,t) =K, (%, ,2,T)1 (X, y, 2,t)

O d,,(x,y,2,t) D, (x,y,2,t) 2D, (xy,2,1) PD,(x Y, 21)
ot = Doay ox2 T oy " 072 "

+k,y (% Y, 2 TIVA(X Y, 2, )=k, (%, ¥, 2, TV (x, ¥, 2,t)

IP,;(xy 7t 7D, (x,y,2,t) 5, (xy,z,t) 5D, (xy, 2t P
I(ét ) 0q>||: Ia(xz )-|- |5(y2 )+ |ﬁ(z2 ) +DO<DI E[Q(DI(X’y!Z!T)X

o0,,,x,y,z,t o 20, ,(xy,zt 0 o0, (xy.z,t _
x%}+a—y{g@ (X, y,Z,T)%)}‘FE{g@ (X, yvsz)%}}’ i>1,

oD, (xy,2,t) 70, (x,y,2,t) D, (xy,2t) D, (xy,21t) P
\% e — = Doq;v|: Vﬁxz + Vayz + Vé)zz +D0<bv 5[9@/(& y,z,T)><
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Lo, (.20

o Oov (X, ,2,T)

o
.

+_
o0z 01

)%);y,z,t)} o { M}} i>1,

Initial and boundary conditions for the considered functions could be written as

0@, (x,y,2,t) o oD, (x,y,z,t) 0 o . (x,y,z,t) 0 00, (x.y,2,t) 0
0 X o oX L, oy yo oy L,
0Pu%.y.2.Y (ax,zy, 2t) =0, 0P,z (8)(’ y.2t) =0, 20; ®po(X.y,2,0)=Fap(X,Y,2), Dpi(X,y,2,0)=0, i L.,
z=0 z z=L,

Solutions of the considered equations are

@0y 2t)= s Z S 0 (e, ()6, (e, O+ 2 S, (e, 1) (2)e, (1)

LLL LLL AT E .
X LV ya
xjeq,pn(—r)Lj c,(u)f cn(v)Lj ¢, (w)[k, , (v, W, T)12(u,v, w, 7)—k, (u,v, w, T (u,v, w,z)] d wd vd udz
0 0 0 0
X LY 7
Here F,, =chn(u)jcn(v)chn(w) fo (Wv,w)dwdvdu, e, (t)=exp |_—7Z'2n2D0¢ﬂt (L2 +2+2)):
0 0 0
271- X t Ly Ly L,
0, (51280 —2 06, ()6, (1), 2) 0o, 0 0 g (vonT)
Xy —z n=1 0 0 0 0
)7 P e 25 S (0 () e, O, -
x c,(w) . wdvdudzr— LLL nZﬂncn x)c,(y)c,(2)e, led,pn —7)x
X LY 7 é’(D f y V, W, 0
el e 0] 800 o g, )2 g 2T S0 6, ()
r 0 0 0 ? ov LXLy =
t Loob L 20, ,(uv,w,7) _
xc,(2)e, ,(t)e, (-7)[ ¢, (u) [ c,(v)] s, (w)—= e ds, (Uv,w,T)dwdvdudz, i>1.
0 0 0 0

Functions Cj(x,y,z,t) describes by the following equations for any values of indexes i>0, j>0

2
6Coo(2’ty’ 2t)_p PCulty.zt) b

(x. CCuliyat), ) FCulxy.zt)

dy? o 07?

dC,(x,y,z,1) *Co(x,y,2,t)  3°Cy(x,y,2,t) 3°Cy(x,y,z,1)
————— =D, 5 + 2 + 5
ot oX oy 0z

0
:|+ DOL E[QL(Xi y,Z,T)X

6C01(x,y,z,t)_D azcm(x,y,z,t)+D aZCOI(x,y,z,t)+D d*Cyy(x,y,2,1)
2

ot T ox Ty T
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02°
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+D,, +

-1 -1
+D0|_ i CIO(X,y,Z,'[)COyO (x,y,z,t) GCOO(x,y,z,t) +i ClO(X,y,Z,t)Cgo (X1 y,Z,t)OCOO(X,y,Z,t) +
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oL

0
- C y Yr &y -
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+_ _

o[homdoaiunail, o Ghomgoainaillp (g ympGlud),

ay Py(x,y,z,T) oy 0z P’(x,y,z,T) 0z ax
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Initial and boundary conditions for the considered functions takes the form

2Gxy.zt)_, 9C;(xy.2.1)

oC,(x,y,z,1)
— 0 yo 4~ 7 7
OX o AX

_ _o,é’Cij(x,y,z,t)
oy

= :01
ay

y=L,

X=L, y=0

oz oz

z=0

5Cii (X’ Y, Z’t—) 0, —acu (X, y, Z,t) =0, iZO, JZO, Coo(X,y,Z,O)zfc(X,y,Z), Cij(X,y,Z,O)zo, iZl' JZ]‘

z=L,

Solutions for the above equations are
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