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Abstract: In this paper we introduce an approach to increase integration rate of elements of a current
source. Framework the approach we consider a heterostructure with special configuration. Several specific
areas of the heterostructure should be doped by diffusion or ion implantation. Annealing of dopant and/or
radiation defects should be optimized.
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1. INTRODUCTION

Currently density of elements of integrated circuits and their performance intensively increasing [1-8].
Simultaneously with increasing of the density of the elements of integrated circuit their dimensions
decreases. One way to decrease dimensions of these elements of these integrated circuit is manufac-
turing of these elements in thin-film heterostructures. An alternative approach to decrease dimensions
of the elements of integrated circuits is using laser and microwave types annealing [9-17]. Using these
types of annealing leads to generation inhomogeneous distribution of temperature. Due to Arrhenius
law the inhomogeneity of the diffusion coefficient and other parameters of process [18]. The inhomo-
geneity gives us possibility to decrease dimensions of elements of integrated circuits. Changing of
properties of electronic materials could be obtain by using radiation processing of these materials.

In this paper we consider a heterostructure. The heterostructure includes into itself some epitaxial lay-
ers and a substrate. Some sections have been manufactured in the epitaxial layers. Further we consider
doping of these sections by diffusion or ion implantation. The doping gives a possibility to manufac-
ture field-effect transistors framework a current source circuit [4] so as it is shown on Figs. 1. After
the doping we consider annealing of dopant and/or radiation defects. The annealing should be opti-
mized to manufacture more compact distributions of concentrations of dopant. Framework the paper
we determine conditions to increase density of elements of current source [4] and at the same time to
increase of homogeneity of distribution of concentration of dopant in enriched area.
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Figl. The considered current source [4]
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2. METHOD OF SOLUTION

We calculate distribution of concentration of dopant in space and time as solution of the following
boundary problem [1,3,18]

ac(gy,z,t) =§{Dcﬁc(x,y,z,t)} 2 {Dcﬁc(x,y,z,t)}ri{Dc ﬁC(x,y,z,t)}- (1)
t X

+7
X oy ay Jz Jz

Boundary and initial conditions for the equations are
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Function C(x,y,z,t) describes distribution of dopant concentration in space and time; parameter T de-
scribes the annealing temperature; parameter D¢ describes the diffusion coefficient of dopant. Dopant
diffusion coefficient will be changed with changing materials of heterostructure. Dopant diffusion
coefficient will be also changed with changing speed of heating and cooling of heterostructure (with
account Arrhenius law). Dependences of dopant diffusion coefficient on concentrations of dopant and
radiation defects [20-22]

D. =D (x,y,z,T ){1+ 5;2:((:;/22;))} {1+ g1v (X\’/X'Z 1) +g, v 2((:/,}/),22 4. )

Here the function Dy (x,y,z,T) describes the spatial (in heterostructure) and temperature (due to Arrhe-
nius law) dependences of diffusion coefficient of dopant. Function P (x,y,z,T) describes spatial and
temperature dependence of limit of solubility of dopant. Parameter y €[1,3] is different in different
materials [10]. Function V (x,y,z,t) describes distribution of concentration of radiation vacancies in
space and time with equilibrium distribution of concentration of vacancies V*. The considered concen-
trational dependence of dopant diffusion coefficient has been described in details in [20]. Using diffu-
sion type of doping gives a possibility to organize technological process without radiation defects. In
this situation ¢i= &= 0. We determine spatio-temporal distributions of concentrations of radiation de-
fects by solving the following system of equations [21,22]

8I(xa,i/,z,t):aax{Dl(X,y,Z,T)al(xa,z,z,t)}raE}y{DI(X,y’ZJ_)al(>;,§,z,t)}+
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Boundary and initial conditions for these equations are
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op(xy,z.t)
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Here p =1,V. Function | (x,y,z,t) describes distribution of concentration of radiation interstitials in
space and time. Function D,(x,y,z,T) describes dependence of diffusion coefficients of point radiation
defects on coordinate and temperature. Terms V2(x,y,z, t) and 1%(x,y,z,t) correspond to generation diva-
cancies and diinterstitials. Function ki v(x,y,z,T) describes dependence of parameter of recombination
of point radiation defects on coordinate and temperature. Functions ki(x,y,z,T) and kvv(x,y,z,T) de-
scribe dependences of the parameters of generation of simplest complexes of point radiation defects
on coordinate and temperature.

Distributions of concentrations of concentrations of divacancies @y (x,y,z,t) and dinterstitials @&
(x,y,z,t) in space and time have been determined by solving the following system of equations [21,22]

od,(x,y,zt) &

=—| D, (x,y,z2,T
K22, uyar)

+§Z{D®I (x,y,z,T)m'(;’Z%Z’t)}+ K, (x,y,2,T)1%(x,y,2,t) =k, (x,y,2,T) I (x,y,2,t) (6)
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conditions for these equations are
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@D (x,y,2,0)=fa (x.y,2), D (x,y,2,0)=Fav (x,y,2). (7)

Functions Da,(X,y,z,T) describe dependences of the diffusion coefficients of the above complexes of
radiation defects on coordinate and temperature. Functions ki(x,y, z,T) and kv (x,y,z,T) describe de-
pendences of the parameters of decay of these complexes on coordinate and temperature.

Now let us calculate spatio-temporal distributions of point radiation defects concentrations by ap-
proach, which has been recently elaborated [18]. The approach based on transformation of approxima-
tions of diffusion coefficients in the following form: D,(X,y,z,T)=Do,[1+¢&, 9.(X,y,z,T)], where Do, are
the average values of diffusion coefficients, 0<¢,<1, |g,(X,y,z,T)[<1, o =I,V. We also used analogous
transformation of approximations of parameters of recombination of point defects and parameters of
generation of their complexes: kiv(x,y,z,T)=koiv[1+av giv(X,y,2,T)], kii(X,y,z,T)=koii [1+&, gii(X,y,z,T)]
and kvv(x,y,z,T)=kovyv [1+evyv gvv(X,y,2,T)], where kop1,» are the their average values, 0<gyv <1, 0<a,
<1, 0<evy<y, | giv(x,y,z, T)ILL, | gui(x,y,z,T)I<1, |gvv(x,y,z,T)|<1. Let us introduce the following dimen-
sionless variables: 7 = x/Ly, 7 =y /Ly, T(x,y,2,t)=1(x,y,2t)/I", V(X y,2,t)=V (x,y,z,t)V",

=%k, /\[D,D, . $=7L, Q =k, /[|D,D, ., $=4/Dy D, t/L?. The introduction leads to

transformation of Egs.(4) and conditions (5) to the following form
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We determine solutions of Egs.(8) with conditions (9) framework recently introduced approach [18],
i.e. as the power series

p(x.m.¢.9)= Y820 2P, (x.1.6.9)- (10)
Substitution of the series (10) into Egs.(8) and conditions (9) gives us possibility to obtain equations
for initial-order approximations of concentration of point defects IOOO(;(,U,(/ﬁ,S) and VOOO(;(,U,¢,19)

”k(;(,n,¢,19), i >1, j >1, k >1. The equations are pre-

sented in the Appendix. Solutions of the equations could be obtained by standard Fourier approach
[24,25]. The solutions are presented in the Appendix.

and corrections for them Iijk(;(,n,¢,.9) and V.

Now we calculate distributions of concentrations of simplest complexes of point radiation defects in
space and time. To determine the distributions we transform approximations of diffusion coefficients
in the following form: Day(X,Y,2,T)=Doap[1+ €a,0a,(X,y,Z,T)], Where Dog, are the average values of
diffusion coefficients. In this situation the Eqgs.(6) could be written as

+ DO(DI Or,ay{[l-}' gt])l gd)l (X’y’Z’T )]aq)l(;,(,yyl,t)} + 01 {[1+ gbl gdl (X y’Z’T )]ﬁ(DI(X]y,Z,t)} -
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)]ﬁCDI(x,y,z,t)
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ﬁ(b\/(;y(;yllt) = Doq)v jx{[l""gmvgmv (lelZ'T)]a(DV(;(;(y,Z,t)}'i' k,’, (X,y,Z,T) |2(X,y,Z,t)+

a0, (X,Y,z,t Jd oo, (Xx,y,z,t
+D,, — g {[1+g Gy (X, y,z,T)]v(mIY)}Jr D, m{[lJr £, 00, (X,Y,2,T )](é’zy)}_
_ku(xiy,Z,T)l(X,y,z,t).

Farther we determine solutions of above equations as the following power series

D (xy,zt)= Z 4, @, (X,y,2,t)- (12)

International Journal of Research Studies in Electrical and Electronics Engineering (IJRSEEE) Page | 10



On Approach to Optimize Manufacturing of a Current Source Circuit for Increasing of Integration Rate
of Elements

Now we used the series (11) into Eqgs.(6) and appropriate boundary and initial conditions. The using
gives the possibility to obtain equations for initial-order approximations of concentrations of com-
plexes of defects @(X,y,z,t), corrections for them @,i(x,y,z,t) (for them i >1) and boundary and initial
conditions for them. We remove equations and conditions to the Appendix. Solutions of the equations
have been calculated by standard approaches [24,25] and presented in the Appendix.

Now we calculate distribution of concentration of dopant in space and time by using the approach,
which was used for analysis of radiation defects. To use the approach we consider following trans-
formation of approximation of dopant diffusion coefficient: D.(x,y,z,T)=Do.[1+ a0.(X,y,z,T)], where
Do is the average value of dopant diffusion coefficient, 0<a < 1, |gu(x,y,z,T)[<1. Farther we consider
solution of Eq.(1) as the following series:

8

C(x,y,zt)=2 & >E'C (x,y,2,t)-

Ms

I
o
IR

Using the relation into Eqg.(1) and conditions (2) leads to obtaining equations for the functions
Cii(x,y,z,t) (i 21, j =1), boundary and initial conditions for them. The equations are presented in the
Appendix. Solutions of the equations have been calculated by standard approaches (see, for example,
[24,25]). The solutions are presented in the Appendix.

We analyzed distributions of concentrations of dopant and radiation defects in space and time analyti-
cally by using the second-order approximations on all parameters, which have been used in appropri-
ate series. Usually the second-order approximations are enough good approximations to make qualita-
tive analysis and to obtain quantitative results. All analytical results have been checked by numerical
simulation.

3. DISCUSSION

In this section we analyzed spatio-temporal distributions of concentrations of dopants. Figs. 2 shows
typical spatial distributions of concentrations of dopants in neighborhood of interfaces of heterostruc-
tures. We calculate these distributions of concentrations of dopants under the following condition:
value of dopant diffusion coefficient in doped area is larger, than value of dopant diffusion coefficient
in nearest areas. In this situation one can find increasing of compactness of field-effect transistors
with increasing of homogeneity of distribution of concentration of dopant at one time. Changing rela-
tion between values of dopant diffusion coefficients leads to opposite result (see Figs. 3).

It should be noted, that framework the considered approach one shall optimize annealing of dopant
and/or radiation defects. To do the optimization we used recently introduced criterion [26-34]. The
optimization based on approximation real distribution by step-wise function y (x,y,z) (see Figs. 4).
Farther the required values of optimal annealing time have been calculated by minimization the fol-
lowing mean-squared error

—L ey z0)-vixy.2ldzdydx (12)

Xy 2

U=

We show optimal values of annealing time as functions of parameters on Figs. 5. It is known, that
standard step of manufactured ion-doped structures is annealing of radiation defects. In the ideal case
after finishing the annealing dopant achieves interface between layers of heterostructure. If the dopant
has no enough time to achieve the interface, it is practicably to anneal the dopant additionally. The
Fig. 5b shows the described dependences of optimal values of additional annealing time for the same
parameters as for Fig. 5a. Necessity to anneal radiation defects leads to smaller values of optimal an-
nealing of implanted dopant in comparison with optimal annealing time of infused dopant.
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Fig2a. Dependences of concentration of dopant, infused in heterostructure from Figs. 1, on coordinate in direc-
tion, which is perpendicular to interface between epitaxial layer substrate. Difference between values of dopant
diffusion coefficient in layers of heterostructure increases with increasing of number of curves. Value of dopant
diffusion coefficient in the epitaxial layer is larger, than value of dopant diffusion coefficient in the substrate
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Fig2h. Dependences of concentration of dopant, implanted in heterostructure from Figs. 1, on coordinate in
direction, which is perpendicular to interface between epitaxial layer substrate.

Difference between values of dopant diffusion coefficient in layers of heterostructure increases with
increasing of number of curves. Value of dopant diffusion coefficient in the epitaxial layer is larger,
than value of dopant diffusion coefficient in the substrate. Curve 1 corresponds to homogenous sam-
ple and annealing time ® = 0.0048 (L¢*+L,?*+L,%)/Do. Curve 2 corresponds to homogenous sample and
annealing time ® = 0.0057 (L,?+L,?+L,?)/D,. Curves 3 and 4 correspond to heterostructure from Figs.
1; annealing times ® = 0.0048 (L.?+L,?+L;?)/Do and ® = 0.0057 (L,® +L,*+L,%)/Do, respectively
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Fig3a. Distributions of concentration of dopant, infused in average section of epitaxial layer of heterostructure
from Figs. 1 in direction parallel to interface between epitaxial layer and substrate of heterostructure. Differ-
ence between values of dopant diffusion coefficients increases with increasing of number of curves. Value of
dopant diffusion coefficient in this section is smaller, than value of dopant diffusion coefficient in nearest sec-

tions
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Fig3b. Calculated distributions of implanted dopant in epitaxial layers of heterostructure. Solid lines are spatial
distributions of implanted dopant in system of two epitaxial layers. Dushed lines are spatial distributions of im-
planted dopant in one epitaxial layer. Annealing time increases with increasing of number of curves

4, CONCLUSION

In this paper we introduce an approach to increase integration rate of element of a current source. The
approach gives us possibility to decrease area of the elements with smaller increasing of the element’s

thickness.

C(x,0)

0

Fig4a. Distributions of concentration of infused dopant in depth of heterostructure from Fig. 1 for different val-
ues of annealing time (curves 2-4) and idealized step-wise approximation (curve 1). Increasing of number of
curve corresponds to increasing of annealing time

A

NN

X

Fig4b. Distributions of concentration of implanted dopant in depth of heterostructure from Fig. 1 for different
values of annealing time (curves 2-4) and idealized step-wise approximation (curve 1). Increasing of number of
curve corresponds to increasing of annealing time
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Fig5a. Dimensionless optimal annealing time of infused 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 de-
scribes the dependence of the annealing time on value of parameter & for a/L=1/2 and ¢ = y= 0. Curve
4 describes the dependence of the annealing time on value of parameter yfor a/L=1/2 and ¢= £=0
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Fig5b. 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 &= = 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 de-
scribes the dependence of the annealing time on value of parameter & for a/L=1/2 and ¢ = y= 0. Curve
4 describes the dependence of the annealing time on value of parameter yfor a/L=1/2 and ¢= =0
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APPENDIX
Equations for the functions Ejk(;(,n,¢,u9) and \ij(;(,n,¢,z9), i >0, j >0, k >0 and conditions for
them
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aq)pi(X,y,Z,t) :0, G(I)pi(x,y,Z,t) _01 aq)pi(xyy,z:t) _0’ aq)/.)i(x’ylz’t) :0,
oX x=0 ox x=Ly B ay y=0 6y y=Ly
oD (x,y,2t) o, oD (x,y,z,t) _ 0. i20; Bo(xy.2,.0)=fu (x,y.2),
0z o 0z

=L,

@,i(x,y,2,0)=0, i>1.
Solutions of the above equations could be written as

2 5.
+ L > F.,, 6, (x)c,(Y)e, (2)e, (t)JrEnz:1 nc (x)c.(y)c.(2)

D ,(x,y,z.t)=

Z

LLL
x e%n(t)je%n(— r)Tcn(u)Tcn(v)Lfcn(w)[k, Sy w1 v,w,)-— K (uv,w,T)1(uv,w,r)ldwdvdudz,

X LY L
where Fo, = LICH(U)ICH(V)JCn(W) f% (uv,w)dwdvdu: en%(t):exp [— 7[2n2D0®ﬂt(L;z +L7+ L;Z)J, cn(X) =cos (zn
X/Lx);
2 o t Ly L, L,
q)pi(x’y’z’t): - Lz Lﬂ-l_ nZ:‘inCn(X) Cn(y) Cn(z) edpn(t).“eb},n(_ T)E[;Sn(u).(l;cn(v)igd)p (U ’V'W’T) x
Xy 2z
o0, (u,v,w, © t
e 7P g due 2 e, (e ) o, e, (-2)
Xy zn:1 ’ 0 ’
t L Ly L oD, . (u,v,w, ©
x[e, .(=7)[c,(u)[s,(v)[c,(w)g, (uv,wT) '*"15(\/ T)dwdvdudr— Z”LZan
0 0 0 0 n=1

International Journal of Research Studies in Electrical and Electronics Engineering (IJRSEEE) Page | 20



On Approach to Optimize Manufacturing of a Current Source Circuit for Increasing of Integration Rate
of Elements

xe, ,(t)e,,,(~ 7)fc,(u) e, (v)fs, (w)

x ¢, (x)c,(y)c,(z) i=1,
where sn(X) = sin (7 n x/Ly).

g, (Uv,W,T)dwdvdudz x

Equations for the functions Cij(x,y,z,t) (i >0, j >0), boundary and initial conditions could be written as

’

2 2 2
8COO(2,ty,z,t) _p, d Coo(gx,zy,z,t)+ D, d C°°(X’3I’Z’t)+ D, d Coo(x,zy,z,t)
X oy 0z

GCm(x,y,z,t):DOL azcio(x,y,z,t)Jrazcio(x,y,z,t)+azcio(x,y,z,t) .
ot ox? oy’ 07?

+DOLE gL(X’y’Z’T)w +D0Li QL(X,)’,Z,T)M +
oX OX ay ay

9 0C (. y.zt) |, i>1;
+D0Laz|:gL(le'ZlT) 07 :|

2 2 2
8001(2:[y,z,t) _p, 0 Cm(gx,zy,z,t)Jr D, 0 Cm(x,zy,z,t)+ D, 0 Cm(x,zy,z,t)Jr
X oy 0z

+DOL£ Cffo(x,y,z,t)6C00(x,y,z,t) +D i Cgo(x,y,z,t)aCoo(x,y,z,t) +
x| P’(x,y,z,T) OX P’(x,y,z,T) dy

OLay

+ DOL aa |:CO70(X,y,Z,t) aCOO(X,y,Z,t):|;
z

oz| P'(x,y,2T) 017
Culy2t)_ #Culyan)

b, 2°Calxyzt) o 9'Culxy.t)
oL 2 + oL 2 + oL 2
ot OX oy oz

o916 oy oGt 200C, 2], 8 [ (oo i)
ox P’(x,y,z,T) ox oy P"(x,y,z,T)

X@COO(x,y,z,t) +£ COl(X,y,Z,t)COy(; (x,y,z,t)&COO(x,y,z,t) +
ay P"(x,y,z,T) oz

J’_

0z

X

XaCoo(Xiy’Z’t) +i Cm(x,y,z,t)% (X,y,Z,t)@COO(X,y,Z,t) +D0|_ i COVO(X,y,Z,t)
oy 0z P"(x,y,z,T) 0z ox| P’ (x,y,z,T)

OX oy P’(x,y,z,T) dy E_Py(x,y,z,T) 0z

xaCOI(x,y,z,t)}r d {Cgo(x,y,z,t)aCm(x,y,z,t)}r o _Cgo(x,y,z,t)8C01(x,y,z,t)}};
oy

aCu(xy.zt)_ p 0Cy(xy.2t)

0°C,(x,y,z,t 0°C,(x,y,z,t
ot o ox? B éyz )+D°L cgz2 )

2 (xyz)Ca ey 2 aCxy.2t) |, 0 e (o o Colry 2]
OX P"(x,y,z,T) OX oy P"(x,y,2.T)

><aCOO(x,y,z,t) L 90c (x yZt\cgj(x,y,z,t)8COO(X,y,z,t) D 4
oy oz| TP (x,y,2,T) 0z o

+

International Journal of Research Studies in Electrical and Electronics Engineering (IJRSEEE) Page | 21



On Approach to Optimize Manufacturing of a Current Source Circuit for Increasing of Integration Rate
of Elements

o 2 Glerzizcutoran], 2 el ocdura),

“lox| P7(x,y,z,T)  ox oy| P’(x,y,z,T) oy

2 {cgo(x,y,z,t)acm(x,y,z,t)}DOL { 2 {QL(X,W,T)acm(x,y,z,t)}+

z| P7(x,y,2T) 0z ox

0 oC,(x,y,zt)| & oC,(x,y,z,t) || .
~ 1) IT — = 7 ~_ L 1) IT — = ’
+ay{glxyz ) 5y }+az{g(xyz )=

_o» aC,(x,y.zt) o
ox

x=0 X=Ly

N oC,(xy,z.t)
ay

aCij(x,y,z,t)‘
OX

aC,(x.y,zt)
ay

y=0 y:Ly

oc,xy.zt) _o, 9C Y.zt o is0,j0;
01 o1

2=0 z=L,

Coo(x,y,z,0)=fc (x,y,2), Cij(x,y,2,0)=0, i >1, j >1.
Functions Cj(x,y,z,t) (i >0, j >0) could be approximated by the following series during solutions of the
above equations

FOC .
COO(X’y’Z’t)_ LXLyL L L L ZFnC n( ) n(y)cn(z)enC(t)
Y ) 1 1 1 B L Ly L
ereenc(t):exp —z'n D t f‘l'F‘l'E FnC - ICn(U)an( ).[f (U v W) ( )deVdU
0 0 0
C.0y.20) =2 SinF e 06, (y)e (e (el ). 0) o 0 v
Xy 2
X C, (w)aci*“’(u ’V’W’T)d wdvdudz——— YnFc, (x)cn(y)cn(z)enc(t)}enC (—7)x
ou LLL, = g
x Lfcn (u) jysn(v)Lfcn (v)g, (u ,v,w,T)aC‘“’(g\’/V’W’T)d wdvdudz— . f_n F.e (t)x

x ¢, (x)c.(y)c,(2)fe,.(~ r)Lfcn(u)Ljycn (V)Lfsn (v)g, (u,v,w,T )aC”OgJ ’V’W'T)d wdvdudz,i>1;

0 w
Culxy,2) =~ o= S nF e, (1)6,(y)e, (2)ee O e (- 2)fs, () fe, ()], (w)x
« Ca ACKAL T)aCOO(U’V’W’T)d wdvdudz— ynF.c (x)c (y)e, (z)e,.(t) x
“PruvwT) au LLL, e e e

t L by L Cilu,v,w,z)0C, (u,v,w, 2r
xjenc(—r)gcn(u)jsn(v)g c,(w \Py((uvw';; 00(6\/ T)dwdvdudr—LLﬁLGz_lnenc(t)x

0 0 ML

< F 10, 1), (2 e ) 1) ) S CC LM g g

0 0 0

International Journal of Research Studies in Electrical and Electronics Engineering (IJRSEEE) Page | 22



On Approach to Optimize Manufacturing of a Current Source Circuit for Increasing of Integration Rate
of Elements

2 © t Ly Ly L,
COZ(X’y’Z't): - L2 Lﬂ.l_ nzzl n |:nCCn (X)Cn(y)cn (Z)enc (t)zl;enc (_ z-).([Sn (U) .([Cn (V),([Cn (W) X
Xy 2
x C (u,v,w,r)cf’y"_l(u’v’w’r)aCOO(u’V’W’T)d wdvdud r—ii F.c (x)c, (y)x
o P"(u,v,w,T) ou LA e
xnc (z)e (t)je (- r)Lfc (u)Ljys (v)LjZC (u,v,w,r)c"y‘;l(u VW) OC,(U.V W,r) x
" e e o " o e ™ Py(u ,V,W,T) ov
X Cn(W)d Wd Vd u d [ L 27[ 2 i n l:nCCn (X)Cn(y)cn(z)enc (t)jenc (_ T)Tcn (u)l:[ycn (V) x
L, L, =t 0 0 0

Co UV w,z) 0C, UV W.T) oo g 2T &
P’ (u,v,w,T) ow LLL =

Z

fosn (W)C,,(u,v,w,7)
0

L

jcn(w)COl(u,v,w,r)M x

<P, (1)6,(2)ec e ()]s, () o, (0] a0

<o gwavauds - 275 . (06, (1) (e Ofea(-5)fe o)

Xy oz

Ly

x [s, (v)Lf(:n (W) Cyy(u,v,w,7)

0

Coo (uyW,) 8Co, UV Wz) y i r— 27 > nx
Py(U,V,W,T) oV LLL =

Xy -z

t Ly Ly L, ngl(u,v,w,r)

x F.c,(x)c,(y)c,(z)e, (t)g &c(- T)! c,(u) g C, (V)g 5,(W)Cy,(uv,wi7) P’ (u,v,w,T)

X

OV W2) § v dud e — 27 S o (x)c(y)e (e ()] e (- o), (u) ¢
oW L°LL = 0 )

Xy oz

L Cl(uv,w,r)oC,,(uv,w,7) 2r @
!cn(w) P(;O(u vwT) oL o dwdvdudz— L nZzlcn(x)enc(t)x

Xy 2z

x nLjycn (v)

t Lx Ly

Fee (Yo o), 0) s (0], )

0 0 0

7 (u,v,w,7)8C,,(u,v,w,z)

’(uva) By dwdvdudrz x

27 = t L L,

06, 2) - 2 5 e, (06, (Y)e, 2 0 (), 0) e, )]s, (0)

n=1 0

y C(u,v,w,r)aC,,(u,v,w,7)

dwdvdudz;
P”(u,v,w,T) ow

x g, (uv,w,T )%:wﬂd wdvdudr— C ZLZTL nén F.c.(x)c,(y)c,(2)e.(t)

Xy

International Journal of Research Studies in Electrical and Electronics Engineering (IJRSEEE) Page | 23



On Approach to Optimize Manufacturing of a Current Source Circuit for Increasing of Integration Rate
of Elements

x genc(— T)ic” (u) gsn(v)zcn(w)gL(u ,v,W,T)aC“(g’\\l/’W’T)d wdvdudz— LZI_HLZ
X~y —z

)GCOI(u,v,w,r)
ow

xSne (t)fe.(- r)Lfcn(u)Ljycn(v)Lfsn(w)gL(u,v,W,T dwdvdudz x

Ly LY

< B (00, ()e,(2)~ 27 SR (0, (), (2 O ()5, )], 0)

Xy 2z

C(uv,w,z)aC,, (u,v,w,7) g
) dwdvdudz - F
R o e R

< 2)eclt) el e 0)fs, (0, ) oYM LN gy -

0 0 0

5inF, (06, (1) e ) fe. (- o) e s S,

LLL2

Xy z

< OGN W) gy gy gug o - 2T $nF o (e, ()6 (2)e,c (e (- )5, u) x

8 W Lx Ly |_Z n=1 0 0

y 7 -1 0
e () e, ()C, (v, r) S UV WD) OCUNWT) gy g~ 27
0 0 PV(U,V,W,T) ou Lxl_yl_Z =

< F6, (06, ()0, e e (o) )5, 0 () G v Gl

0 0 0

X Clo(u ’V’W’T)d Wd Vd u d T- L 27[ 2 i n I:nCCn (X)Cn (y)cn(z)enc (t).t[enc (_ z-)I:f((':n (U) x

n=1
X~y —z
Ly , 1
x jcn(v)Ljsn(w)C J(uv,w,z \C‘)y" G T)ac‘”(u’v’w’r)d wdvdudz-
o " o 7P (uv,w,T) ow

/Citation: E.L. Pankratov (2020). “On Approach to Optimize Manufacturing of a Current Source Circuit
for Increasing of Integration Rate of Elements) ”, International Journal of Research Studies in Electrical and
Electronics Engineering (IJRSEEE), 6(3), pp.7-24, DOI: http://dx.doi.org/10.20431/2454-9436.0603002.

Copyright: © 2020 E.L. Pankratov. This is an open-access article distributed under the terms of the Crea-

tive Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any me-
dium, provided the original author and source are credited )

International Journal of Research Studies in Electrical and Electronics Engineering (IJRSEEE) Page | 24



http://dx.doi.org/10

