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Abstract: Inthis paper weintroduce an approach to increase density of field-effect transistors
framework a static comparator. Framework the approach we consider manufacturing the
inverter 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.

Keywords: static comparator; optimization of manufacturing; analytical approach for
modelling.

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 devicesit isattracted an interest determination of materials
with higher values of charge carriersmobility [ 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 inhomogeneity 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].
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Framework the paper we introduce an approach to manufacture field-effect
transistors. The approach gives a possbility to decrease their dimensions with
increasing their density framework a static comparator. We also consider possibility
to decrease mismatch-induced stress to decrease quantity of defects, generated due
to the stress. Inthis paper we consider a heterostructure, which consist of asubstrate
and anepitaxial layer (seeFig. 1). We also consider abuffer layer betweenthe substrate
and the epitaxial layer. The epitaxial layer includesinto itself several sections, which
were manufactured by using another materials. These sections have been doped by
diffusion

1 i 1 I

D D D

G G G

S S | S

1 o
D D *—o
o— G G o
S

S
- \ D
o G G

O

Figure 1a Structure of the consider ed comparator [19]
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Figure 16: Heterostr ucture with a substrate, epitaxial layers and buffer layer (view from side)
or ion implantation to manufacture the required types of conductivity (p or n). These areas
became sour ces, drains and gates (see Fig. 1). After thisdoping it isrequired annealing of
dopant and/or radiation defects. Main aim of the present pa-per is analysis of redistribution of
dopant and radiation defects to deter mine conditions, which correspond to decreasing of
elements of the considered voltage reference and at the sametimetoincrease their density. At
the sametimewe consider a possibility to decrease mismatch-induced stress.

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 [1,20-23]

ac(xy.zt)_ o [packy.zy)], o [packy.zt)], 2 [ocky.zt)],
ot ox ox ay oy 0z 0z
+Qi &V y(x, y,z,t)LjZC(x,y,W,t)dW +
ox| kT 7 0
+Qi &Vs# (X, y,z,t)LJ’ZC(X, y,W,t)dW |+ Q)
oy| kT ' 0

+i DCS 5#2(X1yyz1t) +i DCS é)#z(X,y,Z,t) +i DCS 5#2(X1yyzyt)
OX| VKT X Ay|VKT oy oz|VKT oz

with boundary and initial conditions
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oCry.zt) _o oCkyzt) g aCkyzt)
TX:O ’ X X:Lx_ , ay y:O_ , C(xy,20)=f_(xy,2),
oCley.zt) g oC(xyzt) o oCkyzt) 4
0 y xL, ! 0z 0 ! 07 L .

Here C(x, v, z 1) is the spatio-temporal distribution of concentration of dopant;
Q is the atomic volume of dopant; V_is the symbol of surficial gradient;

LZ
IC(X, Ys Z,t)d Z jsthe surficial concentration of dopant on interface between layers
0

of heterostructure (in thissituation we assume, that Z-axisisperpendicular to interface
between layers of heterostructure); m, (x,y,zt) and m,(x,y,z,t) arethe chemical potential
due to the presence of mismatch-induced stress and porosity of material; D and D
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 [24-26]

C’(xy,2t) V(x,y,zt)  V3(xY,zt)
_1+§P7(x,;//,z,T)}{1+gl e (v*)g2 }

[ C’(x,y,zt) V(xy,zt)  V3xy,zt)
R e

Here D (x,y,zT) and D .(xy,zT) are the spatial (dueto accounting al layers of
heterostruicture) and temperature (due to Arrhenius law) dependences of dopant
diffusion coefficients; T is the temperature of annealing; P (x,y,zT) is the limit of
solubility of dopant; parameter y depends on properties of materials and could be
integer in the following interval y € [1,3] [24]; V (Xy,zt) IS the spatio-temporal
distribution of concentration of radiation vacancies; V' isthe equilibrium distribution
of vacancies. Concentrational dependence of dopant diffusion coefficient has been
described in details in [24]. Spatio-temporal distributions of concentration of point
radiation defects have been determined by solving the following system of equations
[20-23,25,26]

D. =D, (x,y,2T

N—

D =Dg (%, Y,2T

—
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2l (xy,zt) & 21 (xy,zt o 2l1(xy,zt
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with boundary and initial conditions
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Here | (x,y,zt) is the spatio-temporal distribution of concentration of radiation
interdtitials; I" is the equilibrium distribution of interdtitials, D,(x,y,zT), D, (x.y,zT),
D,(xy, zT), D (xy,zT) arethe coefficients of volumetric and surficial diffusions of
intergtitials and vacancies, respectively; terms VA(x,y,zt) and 1%(X,y,zt) correspond to
generation of divacancies and diinterstitials, respectively (see, for example, [26]
and appropriate referencesinthisbook); k | (xy,zT), k (xy,zT) and k. (xy,zT) are
the parameters of recombination of point radiation defects and generation of their
complexes, k is the Boltzmann constant; o = a3, a is the interatomic distance; ¢ is
the specific surface energy. To account porosity of buffer layers we assume, that

porous are approximately cylindrical with average valuesr = 1/)(12 + yf and z,
before annealing [23]. With time small pores decomposing on vacancies. The
vacancies absorbing by larger pores [27]. With time large pores became larger due
to absorbing the vacancies and became more spherical [27]. Distribution of
concentration of vacancies in heterostructure, existing due to porosity, could be
determined by summing on al pores, i.e.

I m n
V(x,y,zt)=3 > T Vp(x+ia,y+jB.z+kpt) R=.[x? & v+ 2z
i=0j=0k=0

Here o, pand y are the average distances between centers of poresin directions
X, yand z, |, mand n are the quantity of pores inappropriate directions.
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Spatio-temporal distributions of divacancies @, (x,y,zt) and diinterstitials @,
(x,y,z t) could be determined by solving the following system of equations [25,26]

é’q"(;"ty’z’t) Of[Dm (x,y,z,T)é"D'(X’y’Z’t)} ‘ {Dm (xy,2T) 22 Y201
X | |

OX EN, oy

i oD, (x Y, zt 0 | Dy, L
+52{D®. (Y, z,T)'(é)Z)/)} +an{k‘1’_l_svsyl(x, Y, z,t)gd), (x, y,W,t)dW_ +
0 Dq>|s e 2
+Q— Ve (%, y,2,)[ @, (%, y,W,t)dW | +K, (X, Y,z T)1%(x,y,zt)+
oy| kT 0 ’
+i D(DIS a11’12()(’y’z’t) _{_i Dd’lS a/’lz(x1y1z’t) _{_i Dd’lS afl’lZ(X’y’Z1t) +
OX|V KT X 0y|V KT oy 0z|V KT 0z
+k (% y,2T)(x,y,21) (5)
2D, (xy, Z’t)zé[Dd,v (xy. Z,T)é)Q)V(X’ Y, z,t)}a’[D(bv(x, Vv Z,T)é)Q)V(X’ Y, z,t)}+
ot Ox OX oy oy
+ b (x,y,z,T)w +Qi %V y(x,y,z,t)Lf(I) (X, Y,W,t)dW |+
oz| ™ oz ox| kT o
0 Drb S L 2
+Qa—y = V(X y,2,) [, (X, YW, 1) dW [+K,, (X, ¥, 2 TIV?(x, y, z,t)+
0
+i D‘DVS 8y2(x,y,z,t) +ﬂ D‘DVS 8y2(x,y,z,t) +i D‘DVS 8y2(x,y,z,t) +
ox|V kT 0 X oy|V kT oy 0z|V kT 0z
+k, (% Y, ZT)V (X y,zt)
with boundary and initial conditions
o0, (xy.zt) _, 2@ (yzt) o a0 (xy.zt) 4
é)X x=0 , O”X x=Ly , é’y y=0 !
2@, (xy,z1) _o 29 (xy,z1) 0 2D, (x,y,2,1) 0
I y y=Ly , oz z=0 , oz z=l, ,
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o0, (xy.zt) _o 2% Kyz) o 20 (xy.2) 5
I X NP X wl, ay o (6)
oy (eyzt) g o, (y.at) _o 20zt g
oy v, oz o oz .

@ (xy,2z0)=f _, (xy,2), @, (xy,z0)=f ,(X,2).
HereD ,(xy,zT), D, (xy,zT),D . (Xy,zT)and D , (X,y,z T) arethe coefficients
of volumetric and surficial diffusions of complexes of radiation defects; k (x,y,zT)
and K (x,y,z T) are the parameters of decay of complexes of radiation defects.

Chemical potential «, in Eq.(1) could be determine by the following relation
[20]

1=E@Qa[U, (XY, 20 U, (xy,20]/2 @)

1( ou ou
where E(2) isthe Young modulus, o isthe stresstensor; Yi :Z(aeraij IS
J. .

the deformation tensor; u,, u are the components u (x,y,zt), uy(x,y, zt) and u(x,y,zt)
of the displacement vector U (X, Y, Z,t); x, X arethe coordinate x, y, z. The Eq. (3)
could be transform to the following form

I R

2

olz)o.
e T PSS, | @ ey, 20)-T 5}2 E(2),
where ois Poisson coefficient; ¢, = (a-a_, )/a isthe mismatch parameter; a, a_ are
lattice distances of the substrate and the epitaxial layer; K isthe modulus of uniform
compression; 4 is the coefficient of thermal expansion; T is the equilibrium
temperature, which coincide (for our case) with room temperature. Components of
displacement vector could be obtained by solution of the following equations [21]

(2)82 U (%, y,2t) _ 0o,(% Y, Z’t)+ 00,(%Y, Z,t)+ 0o,,(% Y, zt)
ot? o X oy 0z
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(2)82 u,(x,y,zt) _ 0o, (XY, Z’t)+ 0o, (XY, Z’t)+ 0o,(%y,zt)
ot? O X oy 0z

2 t
p(z)a uz(ax,zy, zt) _00,(x Y, z,t)+802y(X, Y.z, )+aau(x, Y, z,t)’
t 0 X oy 0z

E(z) |ou(xy.zt) ou(xy.zt) & ou(xyzt)
L= ! - K
where 2[1+o-(z)]{ ox, | ox 3 ox | @)

ou (XY, 7zt
Xk(mi/)_ﬁ(z)K(z)[T(x’ ¥.2)-T], p (2) is the density of materials of

heterostructure, g Is the Kronecker symbol. With account the relation for o last
system of equation could be written as

p(z)w _ {K (2)+ G[SE(Z) }52UX(X1 y,2t) +{K (Z)_E(Z)}X

ot 1+ o (2)] X 31+ (2)]

><azuy(x,y,z,t)+ E(2) azuy(x,y,z,t)+azuz(x,y,z,t) K (a)e E(2) y
bxoy z[m(z)]{ oy o7 HK“ ol

o°u,(xy,zt) 0T (x,y,z1)
g 0X0Z K(2)4(2) 0X

p(z)azuy(x,y,z,t)_ E(2) {azuy(x,y,z,t) azux(x,y,z,t)}_aT(x,y,z,t)><

> +
oX 0Xoy oy

0z oy oy’ * (8

xK(z)ﬁ(z)+a{ E(2) {auy(x, y:2t) au,(x, y,z,t)}}+azuy(x, y,z,t)

[L+o( +o(z)]] oyoz X0y

ot? 2[1+o(2)]

+

o(2) o*u,(x,y,zt) E(2) {azuz(x, 2/ z,t) 0%u,(x, z/ z,t) . o°u,(x, y,zt) .
OX oy 0X0z
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L o0y, z,t)} Kl {K (Z){aux(x, yzt) 0u,(6y.2) ou(xy, z,t)}+

+
oyoz oz 0X oy oz

V2 E@ foouleran) oufeya) duinnd_subeyzy]l

1+ 0 (2) 0z 0 X oy 0z

K(@)p(r)Ter2Y

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

GU(O,y,z,t):O. GU(LX,y,z,t):O_ au(x,o,z,t):O au(x,Ly,zt) |
oX ’ oX ’ oy ’ oy ’

ou(xy0t) _ ad(xyL,t) . ~
7, =0 4, =00h(x,y, 20) =0y d(x,y,z,%)=0,.

We determine spatio-temporal distributions of concentrations of dopant and
radiati-on defects by solving the Egs.(1), (3) and (5) framework standard method of
averaging of function corrections[28]. Previoudy we transformthe Egs.(1), (3) and
(5) to the following form with account initial distributions of the considered
concentrations

oC(xy.zt)_ o {Dac(x,y,z,t)}+ o {Dac(x,y,z,t)}+ 2 {D%(X,mt)}(m
ot oX oX oy oy 0z 0z

+ fe (XY z)g(t)+£ PCS 2 wy(%,y,Z,t) L9 Des & p1,(x, y,zt)
e oX|VKT  ox ay VKT  ay

+;’{ Des a”yz(x,y,z,t)}+Q d {D

s
z|V kT 0z X Vsu (X Y:Z, t)J (X1 y,W,t)dW}+

kT

o|D
+Qay{kTSVS” (x,y,2, t)jC(x, y,W,t)dW}

alxy.zt)_ 2 {D. (%, z,T)é"(’“BﬂZ’t)} jLOr[DI (x, Y, z,T)W} +

ot ox X oy oy
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LZ
+5{D, (x,y, z,T)é)I()g)hZ’t)}+Q 0 {D'S Ve (X, y,2,)[1(x, y,W,t)dW}L
z oz 0

ox| kT
+Qaay{ElTsVsu1(x Y., t)tj)zl (x, y,W,t)dW}_kH (% y,2T)1%(x y, 2.t)~
—ky (Y, ZT)H Xy, 2V (x Y, 2t)+ f (% Y, 2)8(t) (3a)
a”\/(x,y,z,t)za{D (xy ZT)W(X’y’Z’t)}La{D (x,y zT)W}
ot ox| VT X oy| Y2 oy

2 oV (XY, zt 0 | D
+a”z{DV(X’y’Z’T)(a”z)}+Qa {k\'/lf V (X, y,zt)j (%, y,W, t)dw}

Q@

ayﬁ)yrs V(X y,zt)I (x, yWI)dW} ko 6y, ZTIVA(x Y, 2,1)-

—k (Y, ZzT)I (%Y, Zt)V (X, y,zt)+ f, (X, y,2)5(t)

29, (xy.2t) Z’t)zﬁ{m (x,y, z,T)L)'(X’ Y. Z’t)}ﬁ{m (x,y, z,T)L)'(X’ Y. Z’t)}
ot OX : OX o : oy

L,

D 7
LLQG{ 22V (X Y, 2t) [ D, (%, y’W’t)dW}L
0

)0”CD, (x,y,2t)
ox| kT

17r4

o
+—| D, (X,V,2,T
Of,z{ cb,( y

0 | Dq,
+Q—
oy kT

(%Y, 2, t)j (%, y,W,t)dW}LkI (X, ¥, 2T (xy,zt)+

L0 Dy,s 01,(X, Y, 2,t) L0 Du,s 01,(X,Y,2,t) L0 Dos 0 1,(X, y,zt)
ax V kT X 0y|VKT oy 0z|VKT 0z

+K (X Y, 2T)1(x y, zt)+ £, (X, y,2)3(t) (5a)

2 ®,(x, y,z,t):a{ (% y,zT) (X,y,z,t)}ra{D@ (X’y’z’_l_)aCD\,(x,y,z,t)}r
ot ox| X oyl oy

+a{D¢V (xy,2,7) 7 Quxy.21) Z’t)}Qa{D
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D L
+Q£{ k(I:\I:S Vsﬂl(xy y, Zyt)Jq)V (X, y,W,t)dW:| + k'V (X1 y1 ZyT)V (X1 y1 Zyt)+
0

0z

+i DfDVS ayz(X, y1 Zyt) +i DfDVS a,uz(x1 y1 Zyt) + a DfDVS a/lz(x, y1 Zyt) +
OX|V KT X 0y|VKT oy VKT 0z

+Koy (X Y, ZTIVE(X Y, zt) + f, (X, Y,2)5(t).

Farther we replace concentrations of dopant and radiation defects in right sides
of Egs. (1a), (3a) and (5a) ontheir not yet known average values a, . In thissituation
we obtain equationsfor the first-order approximations of the required concentrations
in the following form

dC,(x,y,z,t) d { D
T Ay :alCQ
kT KT

0 D
n o 2S5V (X, z,t)} + alCQay{zSVSyl(x, Y, z,t)} +

ey ) ()+2 {DCS é’ﬂz(x,y,z,t)} o { Des é’uz(x,y,z,t)}+

x| VKT o X Ay|VKT oy

D
N % { cs ayz(x,y,z,t)} (1b)

5z| VKT oz

a1 (x,y,zt) ,0.0|D
x| KT kKT

o =a, =I5V u (x,y,z,t)}+al,Q£I{ZD'SVSy (x,y,z,t)}t

L0 Dis 0u,(%Yy,2t) L0 Dis 0u,(x,Y,2t) L0 Dis 0u,(x,Y,2t) .
OX|VKT X oy|V kT oy 0z|V kT 0z

+f (% y,2)80t)-alk (XY, 2T)- e K (X y, 2, T) (3b)

oV,(xy,zt 0| D o|,b
1(53/) =a,, Zan|:k\'/|'SVS'ul(X’ Y, Z,t):| + OClVQay|:Zk\_/FVs/Jl(X1 Y Z1t):| +

+i DVS aﬂz(xyyyzyt) +i DVS a/'lz(X!y!Z!t) +i DVS a/'lz(X!y!Z!t) +
oxX| VKT 0X 0y|V KT oy 0z|V KT 0z
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+f, (%Y, 2)5(t)_ al%/k\/,v (x v, Z’T)_ ay K,y (xy, Z’T)

é)q)ll(x y7Zt) ZQa|:D 1S

olD
1 o T Vsyl(x,y,z,t)}tocl(pI zQay{ (D'Svsyl(x,y,z,t)}t

kT

L0 Dy,s 01,(X,y,2,t) il Do,s 2 1,(x, Y, 2,t) L0 Do,s o 1,(x, Y, 2,1) .
6x VKT oX oy|V kT oy 0z|V kT 0z

+ fo, (%Y, 2)8()+K (X . ZT)I (X Y, Zt)+ Kk, (% Y, 2T)1%(x v, zt)  (5b)

ot ATl T

o, (xy,zt) 20 0 {D(DVS
kT

D
V(X Y, z,t)} +ay, zQaay{ NV (X, Y, z,t)} +

+i Dd’vs ayz(x,y,z,t) +i Dd’vs ayz(x,y,z,t) + 2 0 Dd’vs ayz(X y’Zt)
OX| VKT X oy|V kT oy 0z|V kT 0z

+ fo, (4 ¥,2)0(t)+ K, (% Y, ZTV (X V. 2t)+ K, (%, ¥, ZTVA(x, y, Z, ).

Integration of theleft and right sides of the Egs. (1b), (3b) and (5b) ontime gives
us possibility to obtain relations for above approximation in the final form

2
C,(xy,zt)=a 0~ 0 } D, (X, y,zT) {1+ V%, Z’T)+g Ve, Z’T):I X
0Xo kKT

V* 2 (\/*)2

Ve a t Ve
XVSIU,_L(X, y, Z,T)|:1+ FV(é):(?C;TCZ’T)i|d T} + (2718 aiyi DSL(X1 y, Z,T)|:1+ FV(é):(?c;:icz,T)i| +

X, V,Z V23(x,y,z,
XQVS,ul(X Y, Z, T)kT {1—1— (Vy T)-i-gz ((Vy)z T):I

Xé’uz(X,y,Z,T)dT+i}Pcs é)luz()@yvzﬂ')dz. I 4 2 Des é’yz(x vaT)d
17 2YyoV KT oy 6 zoV KT oz

é’XoV kT

7T+

+ fe (%Y, 2) (10)
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Il(x,y,z,t):al,zQi}%V (xy,Zr)dr+a1,zQ—j 'SV w(xy,z7)dz+
OXo kT

okT
D D D
+it7,s ayz(x,y,z,t)dﬁitiIS ayz(x,y,z,t)dﬁﬁtiIS a'UZ(X’y’Z’t)d7:+
OxoV kT OX oyoV KT oy 0zoV KT oz

+f, (X1 Ys Z)_alzl J(;kl,l (X1 Y, Z1T)d Ty alv.([kl v (X1 Y, Z1T) dr (3¢c)

V,(x,y,2,t) =, zQ j SV (X y,27)d7+ay, zQ j SV(xy,z7)dr+
0 0

NCALLT Opm(xyzt) 0t Dus dpp(xyzt) 0t s dum(xy.21)

axOV kKT OX ayiv kKT oy aziv kKT oz

dr+

t t
+f, (Y, Z)_alf/.([k\/,v (xy,zT)dz-a, alV.(';kI v (xy,zT)dz

@, (X1 Y, Z1t) Qo ZQ .[ S/ul(x Y, Z, T) dr +Q .[ S/ul(x1 Y, 217) dzx

Xo Xo

t D ¢ D
><al(Il Z+ f(I) (X1 y1z)+ijf¢|5 aluZ(X’ y’Z’T)dz-_i_ijid’ls a/u2(x1 y1217)
I I aXOV kT o0X ayOV kT ay

dr+ (50)

0 t Dys 0u,(X Y,z t
azivi; #z(a;/ T)C|T+(j)kl(x,y,z,T)|(x,y,z,r)dﬂr

+ jkl Ly, zT)1%(xy,z7)d e
0

®1v(X, Y, Z,t)=a1®vzgij kq)_\lf_s Slul(x Y, Z, Z') d T+Qaij kqi\ll—s vsﬂl(x, V. Z,z') drx
xay, 2+ Ty, (XY, 2)+ j Doys 045(x.Y, ZJ) I Dy,s 0 1,(%, Y, Z’T)df+
xoVKT — 0x ToyaV kT ay
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tD t
+QJ‘ — NS a“Z(X’y’Z’T)derV(

TNV
0zoV KT 0z o XY, 2TV(xy,zz7)dr +

+ .t"k\/v (X’YaZ’T)VZ(X,y,Z,Z')d T,

We determine average values of the first-order approximations of concentrations
of dopant and radiation defects by the following standard relation [28]

Lyl

_ 1 [[]p(xy.2t)dzd ydxdt ©)

“vTeLLL

Xy -z

ffﬁ

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

1 bl ? P®aB+O°LL L
e = J.[y.[fc(x1y1z)d2dydx, a =\/(a3+A) —4[B+ &5+ Xy ZalJ—
000

: 4a; a,

f(xy,z)dzdydx—a,S,q —@LXLyLZ} ,

(€] . .
where S, = £(®—t)£ (j) (j)kpqp(x, v, 2T)L(x Y, Zt)V/) (x y,zt)d zd yd xdt | a,=S;,,x

LxLyLz
X (32\/00 _SIOOSNOO)’ a, = Svoo$|00+32\/00_$|003/v00’ &= J(;(J)g fV (X’ Y; Z)d zd de x
Lbyl,

x Svooszvoo + SvooG)LiLiLi + ZSNOOSIOO.(I; i (J) f, (X1 Y Z)d zdydx-© Li'—i'—iS/voo -
) LlyL, Lyl

_Svm£££f| (x,y,z)dzdydx, a1:3v00£.([£f| (x,y,z)d zdydx, &, =Sy X
><LY 4 2 2

x {Lj ij f (x,y,z)dzd yd x} , A=\/8y+®222—4®2, B=222+§/1/q2+ p’—q-
000 Ly

_ ©%, ad; | o2 & ,a
_3[ [+ p+q, q—24a§[4a0—®LxLyLza -7 %] 408, -0° > |-

4 4 4
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LiL L2 ®4a12 p — @2 4a0a4 _G) LXLyLZa1a3 _ G)az

0°al 2
Y7t 8al 12a; 18a,

3
54a°

N

P R S, 1 Lijijf (x,y,z)dzd yd x
®oeLLl, eLLl, LLL, ooo "

Xy -z

R, Sva 1 bbb
— + + f, (X,y,z)dzdydx
“n TeLLL,  eLLL, LXLyLZM{) o (% yZ)dzdydx,
Lyl

o—0

where R, =1©-t)] ]k (xy,zT)l}(xy zt)dzd ydxdt.
000

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 [28]. Framework this procedure to determine
approximations of the n-th order of concentrations of dopant and radiation defects
we replace the required concentrations in the Egs. (1c), (3c), (5¢) on the following
sum a_+p . (XY,zt). The replacement leads to the following transformation of the
appropriate equations

oC,(xy,zt) o . [, +Ci(%, Y, Z,t)] . V(x,y,z,t)+ V2(x,y,zt) y
= Hl é Py(X,y,Z,T) }|:1 S1 * S (V*)z :|

ot 0X
2
)GCl(x, y,z,t) +i 1+glV(x, y z,t)+g2V (%, y,zz,t) aC,(x, y,z,t)><
ox Y (V') oy

oy
xD (%Y, Z,T){LL ¢ e+l v 20 B + a[{% S vix Y. 2t) +6, VEx Y, ZJ)} x

xD (%Y, 2T

P (x,y,2T) 0z \Y} (\/)2

x D_(x,y, z,T)aCl()(;’;/’ z,t){1+§ [acht&(;’;/”_rz’)t)]y }}L fo(x,y,2)5(t)+

i Des & u,(%,Y,2,1) a Des & w,(X,Y,2,1) a Des & w,(%,Y,2,1) .
OX|VKT 78 AYy| VKT oy 2z|VKT oz
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o |D L
+an{k_ls_vsﬂ1(x, Y, z,t)g[a2C +C(x,y,W,1)] d\/\/}+
+Q 0 DSV (x zt)Lz[ +C(x y,W,t)] dw
aiy E Slul 7y1 ] _Lazc ,y, , (1d)

a”lz(x,y,z,t)za”{DI(x,y,z,_l_)a”ll(x,y,z,t)}La”{DI(X,y,z,_l_)a”Il(x,y,z,t)}+
ot 2 X ox oy 2y

+52{D| (X, Y, Z,T)é)ll();;)zhz,t):| ki (X1 Y, Z1T)[a1| + |1(X1 Ys Z1t)]2 —kiy (X1 Y, Z’T) x

0 L
x [all + Il(X7 y’ Z7t)][a1V +V1(X7 y’ Z7t)]+QaX{VS/u (X7 y’ Z7t).£[a2l + Il(X7 y7W7t)] dWX

t

D o |D L 0 Ltou,Xvy,zt
Xk'llf}ngay{leVSﬂ (X, Y, z,t)(j)[az, +1,(% y,W,t)] dW}+aX£yZ(aXy)x

XPIS dz‘+i}P'S aﬂZ(X’y’Z’t)dz‘+i}P'S a‘uZ(X’y’Z’t)dr (3d)
VKT 0yoVKkT oy 0zoVKT 0z
N (% y,2t) _ & D, (% y Z_I_)a”Vl(x,y,z,t) . 21p (xy Z_I_)a”Vl(x,y,z,t) .
ot ox| T ox oy| VT oy

AV, (x,y,z1t)

o
7D 111T
2oy 2 P

} o (% 9, 2T Vil 9, 20F —ke (% v, 2.T)
e #1602 0,20 22 9t G2 Gy v
X DVS} +Q6{DV5VSIU (x, Y, z,t)lj‘z[azv +V1(X1 y,W,t)] dW} +ﬂij

kT oy | kT 0Xo 0 X

><l:)VS df+it DVS aﬂz(X,y1Z,t)d +i‘t[ DVS a/*lz(X!va!t)dT

VKT TaywVkT  ay oV KT oz

2P, (%Y, 2) :é[D(DI (%, Z,T)mﬂ(x’y’z’t)}jy{% (X,y, z,T)ml'(X’%Z’t)} +

ot OX OX oy
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{D“’ SVeu (X .2 t)LI[am, @, (x, YW, t)] dW}+ k. (%Y, 2T)12(x v, 2t)+

L,

+Qa{ Do, s Vo (%y,2 t)f[am @, (x, y,W,t)] dW}+ k(% y,zT)l(x Yy, zt)+

{Dms 0 11,(x, y,zt)}La{ Dy, s ayz(x,y,z,t)}+ 0 {D(bs 3 11,(X, y,zt)}

V kT X 0y|VKT oy 0z|V kT 0z
o 2®,(xy,21t)
+Z{D®(x,y,z,T)az}+ fo, (X, y,2)5(t) (5d)
46®2V(X’y’z’t):£ D (Xsz)a(Dlv(X’y!Z!t) +£ D (Xsz)a(Dlv(X’y!Z!t) n
ot x| T ox WA oy

a D LZ
QX{ kCD_FS VS/I (X1 y1 Z,t)g[azm\/ + (I)IV (X, y,W,t)] dW} + k\/,V (X, y, Z,T)VZ(X, y, Z,t)+

0

D y4
+Qay{ kcp_lv_s Veu (%Y, Z,t)Lj [amv + @, (%, y,W,t)] dW} +k, (%Y, ZTIV(x, y, z,t)+
0

L0 Du,s 0 1,(X,y,2,t) L0 Dy,s 0 11,(%, Y, z,t) L0 Dos 0 1,(X, y,zt)
ax V kT X 0y|VKT oy 0z|VKT 0z

i oDy (X1 Y, Z1t)
- Z|:D(DV (x,y, Z’T)—a”z + fo, (%, Y,2)8(t).

Integration of the left and the right sides of Egs. (1d), (3d) and (5d) gives us
possibility to obtain relations for the required concentrations in the final form

C,(xy,zt)= §XH1+ & oo +C(x Y. 2.2)) } {1+ glV (X’\y: 2,7) +g, VZ2(x,y,2, T)} X

P’ (xy,2T) (\/)2

oC,(x,y,2, ot V(x Y,z VZ3(x, Y,z
DL(x,y,z,T)1(6)3(’T)dTJray!)DL(x,y,z,T){hg1 (Vy T)+g2 ((Vy)2 T):lx

><acl(x,y,z,r) loye +Cx Y 2 )] | 0 V(xy,zz)  Vixyzr) y
ay {:Hf P’ (xy,2T) " £1+g1 Vi (v ¥
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aCl(X1 Y, Z, T) [azc + Cl(x1 Y, Z T)]y
D, (x,y, z,T)iaz {1+§ (0 y. 2T) dr+f.(xy,2)+

L,

—j Ds Veur (%Y, 2,7)[[a,e +Ci(% Y, W, 7)] dez‘+ij'VS,u (x,¥,2,7) %
OXokT 0 0Yo

Os Des 0 uy(xy, z,t
<028 flae +C(x yW. o dWd e+ {Vk; ﬂz(é)xy )}

+(?|: DCS l #Z(X’ y’Z’t)}+‘?|: DCS a #z(x’y,Z,t)}
V' a

oy|V kT oy zZ|V kT oz (1€)

o | ol(xy,z 7z ol (xy,z
'z(x1y1z1t)=é,x({Du(XJ,Z,T)l(ag(lf)dr+m(j)D,(x,y,z,T)l(a§//T)dT+

t

+ij D, (x,y, z,T)Ly’Z’T)dr—}kI (%Y, 2T) [y +1,(x, Y, 2,7)fd 7 -
7o oz o

Ty (02T [ L0 vz o)l + Vi yiz o)) dr 2 Vo (xy,2.0)x

-

D L

x Q o i[az' +1,(% y,W,7)] der+—jVSy (x,y,2, r){)[az, +1,(% y,W,7)] x

DISdeT é’ D|s a”yz(x,y,z,t) L9 o DIS 0’7#2()( y,zt)
kT OX| VKT 2 X Sy|VkT oy

2| Dis 8 u,(xy,zt)
*az{vfa v M (39

ot oV, (X,Y, z, ot
Vv 2= 0,00y 2T Y2 g, i Gy 27

Yo

)5V1(>;y, z,r)d .

+7.[DV(X Y, 2, T)Mdf_}k\/v()(’ Y, Z1T) [azv +\/1()(1 Ys 217)]2d7_
JZo 7 o

Ty (32T [ #1002l +Vulx iz} dr 2 (Vo (x v )

L,

X Q%T[az\, +V1(X, y,W,z')] dwd z’+ij'vs,u (X, Y, Z,z‘)j[az\, +V1(X, y,W,z')] x
KT o 0Yo 0

Peer Reviewed Journal © 2020 ARF 191



E. L. Pankratov

«oPsgwdrs 2 Dus AR 42 | Dus AR, +
kT X[V KT I X 2Yy| VKT ay

2 | Dys & u,(xy,2zt)
N e f v Y
+a”z{VkT oz #h o)

_{_ﬁt o9, (X,y,Z,T)X

ayi ay

ot )é’q)l, (;(,y,z,r)dT

D, (x,y,zt)= 5(}) D,, (%, y,2T

o ! 20, (XY,z
XDfDl(X’y’Z’T)d7+5Z£D¢.(X’y’LT)W

at
dr+Q—|(V X, V,Z,7)x
g T ()

o Doss Lj[a + @ (x,y,W,r)]deHQijD(D'S LI[Of + @, (X, YW, 7)] dW
KT o 20 Y O0Yo KT o 20 u
X VS/’J (X1 y’Z,T)dT-i-‘t[kl I(X1y1 Z1T)I 2(X7 y7Z7T) dr+i} E)(DIS a’UZ(X’ y’Z,T)dT+
o o0xoV KT 0 X
D D
+it Days aluz(x,y,z,f)dz_+i}7¢,s a#z(x,y,Z,T)dz.+ f, (x,y,z)+
oyoV KT oy 0zoV kT oz !
t
+k (% y,2zT)l (x y,z7r)d7 (5e)

0

)0'7(I)lv(x,y,z,r)dr+£t é’q)lv(x1y1z17)x

[

a t
®2V(X,y,Z,t)=5£D¢V(X’y’Z’T X Yo ay

)é’q)lv (X1 Y, 217)
oz

x D, (X, Y, z,T)drﬁLi}D(15 (x,y,2T dz‘+Qij'VS,u (x,¥,2,7) %
v 220 Y 0Xo

Dcrx\,s rd 0! Dcrx\,s i
X T O[azq,v + @, (X, y,W,r)]der+Qw£ T g[am\/ + @, (X, y,W,r)]dW x

D
x Ve (XY,2,7) dr+ik\,v\,(x, Y,z T)Vi(x,y,27) dr+;(iviv_f_ aﬂZ(g’z’ Z’T)d

T+

+-0 | Pos 0pp%y.27) 4 0§ Duus Dpn(%,y,2:7)

—[= dr+f, (XVy,2)+
oyoV kT ay 0zoVKT oz ot fo, (1,2)

t

+k,(x,y,2zTIV(x,y,z7)dr.

0
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Average values of the second-order approximations of required approximations
by using the following standard relation [28]

1 oLlyL,

%2 = oL LL OH{)[/JZ(X, Y,zt)- p(x y,zt)| dzd yd xdt (10)

Substitution of the relations (1€), (3e), (5e) into relation (10) gives us possibility
to obtain relations for required average values a,,

B (k)3+E)2 @)613|:+@)2LXLyLzbl b,+E
azc:O' Ay =0, asz:O’ P = \/4bf_4 P b, - 4b,

_ G _azzvS/voo —Qy (23N01+ Svio +®LxLyLz) - Svoz— Sva

Ay
Svor + @ Svoo

1 1
where b,=—"— SZVOOS/VOO .

®LxLyLz ®LxLyLz vaooSmo, bs = _M(ZSNM + Svm +

oL,L,L,

2
+ ®LxLyLz)+ M(Svm + ZSIlO + S|v01 + ®LxLyLz)+ G)ljvlj)l_z(ZSNOl + Svm +

coLLL)- DS~ SioSwm (g 4 4G )~ (S - 25 +OLL, x
Xy ~z ®3L3L3L3, @LXLyLZ y

X"y -~z

x Lz)2 + M(GLxLyLz + 25||1o + S|v01)"'®fl\|/_ool_(S|v01 + 25||1o + 28|v01 + ®L><Ly x

x=y=z

2 C S|2 ZSI
x Lz)(ZS/vm"'@LxL Lz + Svm)_ SIVOO (C\/ - S/voz - S|v11)+ 2| 2 v2002 - 2 x
Y eL,L,L, O°LLL. OLL,L,

Xy —z

_ Sviit Sy +C %
X Syos Sy 2 = Sioo OLLL (2Swo1 + Svio +OLLL, )+ i (eL.L, x

Xy =z

2
x Lz + 281|10 + Svm)(ZS/vm + Svm + ®LLyLz)_ Z\Iilflijozl - @LSX\I/_?LZ (33v01 + ZSIlO +
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Siw 2_ S
+ @LX I-y Lz)(Cv - S/voz - S|v11)+ 2CI $voo$v01a b) - @)l_xl_yLZ (SVOO +SNOZ) _LXTVLZX

1

x 6(®LxLyLz + ZSuo + Svm)(cv - S/voz - Svn)+ 2CI S|2v01 - Svm CV - SNOZ — SVH

eLL,L,

X

2
oy o ay S Si 29 S
Cc = %u% 4 Zudoo oz Vi1
x(OLLL, +2S+ Sya), @ @LXLyLZSVOO eLLL, eLLL, eLLL,:

2
_ 2% 0% p_93%
G :allalV$VOO+a]§/SNOO_SN02_$Vll’ E_\/8y+® af 4®a4’ F 6a, "

— _ oM, bb,) €k | o’
+3\/ r2+83—r—3{/m+l’a r= 24bf[4b0_®LXLyLZb _54bz,_b087bfx

4

2 2 4bb,-OLL,L
x 4®b2—@2§ —LiLZLi@k} s=0? b, = b _ Ob,
YR8k 12b? 18b, *

4

Farther we determine solutions of Egs.(8), i.e. componentsof displacement vector.
To determine the first-order approximations of the considered componentsframework
method of averaging of function corrections we replace the required functionsin the
right sides of the equations by their not yet known average valuesa.. The substitution
leads to the following result

p(z)az ulx((;i,zy, z,t) _ K (z)ﬁ(z)aT(); 3(/ z,t)’ p(z)82 uly((;i,zy, z,t)

_ Kk (z)ﬁ(z)aT (2 3: z,t) | p(z)aZ ulzgi,zy, zt) _ K (z)ﬂ(z)a-r()(;:“) |

Integration of the left and the right sides of the above relationson time t leads to
the following result

u (% y,zt)=u, +K (z)@i}f T(x,y,z7)dzd 3~
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U, (X Y, zt)=U,, + K (z)iz)i}]9 T(xy,z7)dzd 9~

u,(x y,zt)=u, +K (z)@i}f T(xy,zz)drd9-

p(2) 0 %
-K(z2)—=—[[T(X,Vy,z,r)dzrd 9
()p(Z)aziEJ(.) ( y T) T .

Approximations of the second and higher orders of components of displacement
vector could be determined by using sandard replacement of the required components
on the following sums a+u(x,y,zt) [28]. The replacement leads to the following
result

o7 I i (s ZE B JERNZY). (- EO

ot? 1+o(2)] dX +o(

% 82uly(x’ Y Z’t) + E (Z) azuly(x’ Y, Z1t) + azulz(x1 Y Z1t) _ oT (X1 Y Z1t) %
X0y 2[1+0(2)] ay? oz dX

XK(z)ﬂ(z)+{K(z)+ E(2) }52U12(x,y,z,t)

3[1+0(2)] ox0z

p(z)az Uy, (X Y, Zt) E(2) {azuly(x, Y, zt) . a2, (x, Y, z,t)} 0T (xy.2t) y

ot ~ro(2)] ox oxay oy

< K(2)p(2)+2 {2[15(2) {%(x, %.21)  du,(xy, z,t)}+azuly(x, yzt).

0z|2[l+o(2)] 0z dy ay*
y 5E (2) k(o Lk (o) E(z) |0%u,(xy, z,t)+ i} o%u,(x, Y, zt)
{12[1+0'(Z)] < )} {K() 6[1+a(z)]} oyoz () X0y
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2 2 2 2
p(z)a uzz(x,zy, zt)__ E(z) |@ ulz(x,zy, z,t)+6 u,, (X, 3/ z,t)+6 u, (X, , z,t)+
ot 2[1+o(2)] X oy X0z

oyoz oz 0X oy oz

Ly (xy, ZJ)}a{K(Z){aulx(x, y.zt), Oy (xy.28) au,(xy, z,t)}}jL

. E@ o ouxy.zt) ou(xy.zt) ou(xyzt) oulxyzt)]
6[l+o(z)] 0z 0z dX oy 0z

K (2)p(n) T2,

_ou(xy,zt) 0w,(xy.zt) ou,(xy.zt)]| E(2)
oX oy 0z 1+o(2)

Integration of the left and right sides of the above relationson time t leads to the
following result

U, (x y,z,t)= 1K (2)+ SE(2) aZtyu xy,z7)drd 9+~ K (2)-
byl SR ) ardo k()

62
oy

E(2)

3+ o )]}axay

t9
[fu,(xy,zr)drd 9+
00

2

tf]guly(x,y, Z,T) drd 9+ E(Z) {

2p(2)

1 1
1+o(2) ()axaz

Q)‘Q)

}f lZ(x,y,z,r)drdg} tj]gulz(x,y,z,r)drdg{K(z)+

+E(Z)} ( )@ﬂﬁ;T(x Y, Z, r) drdg—aaxﬁulx(x, y,Z,r)drdS X

3[1+0(2)] p(z) ox
1 5E( Z) ) 52 o
XP(Z){ 6[1+o(2) ]} {K 3[1+o(z )]}axay({({uly(X,y,Z,T)drdg><
1 o2 =9 2
xp(z) 1+0' Z)]|:ay2££u1yxy27)deL9+ ijulz(xyZT)drdS}

X

_1Z){K(z)+ [E(z }aaz Iiulz(x,y,z,r)drd3+u()x+K(Z)ﬁ(z)

p( (2)

Q
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aooé}
—[[T(x,y,z,r)dzd 9
GelfT ey ze) s

E(z) | 0% t¢ 9% ts
U, (X y,z,t)= (Z){axz(j)(j)ulx(x,y,z,r)drd3+axay(j)(j)ulx(x,y,z,r)drdg}><

L1 +K(z) 02
1+o(z2) p(z)oxoy

i X 2, T T + 1 SE(Z) + Z)r X
Ilu,(xy.zz)ded s p(z){12[1+o-(z)] K )}
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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.

DISCUSSION

Inthissection 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 Figs. 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 doped area is larger, than in nearest areas. 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 framework this approach of
manufacturing of bipolar 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 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 Figs. 4 and 5).
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Farther we determine optimal values of annealing time by minimization of the
following mean-squared error

1.5

1.0 4

C(x.0)

Epitaxial layer Substrate

|
[}
0.0 . . : { . . .
0 L/4 L2 3L/4 L
X
Figure 2: Distributions of concentration of infused dopant in heterostructure from Fig. 1 in
direction, which is per pendicular tointerface between epitaxial layer substrate. | ncreasing of
number of curve corresponds toincreasing of difference between values of dopant diffusion
coefficient in layers of heterostructure under condition, when value of dopant diffusion
coefficient in epitaxial layer islarger, than value of dopant diffusion coefficient in substrate
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Figure 3: Distributions of concentration of implanted dopant in heterostructure from Fig. 1 in
direction, which is per pendicular to interface between epitaxial layer substrate. Curves 1 and 3
corresponds toannealing time ® = 0.0048(L +L ?+L ?)/D,. Curves 2 and 4 cor responds to
annealingtime ® = 0.0057(LX2+Ly2+L22)/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 islarger, than value of dopant diffusion coefficient in substrate
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Figure 4: Spatial distributions of dopant in heterostructure after dopant infusion. Curvelis
idealized distribution of dopant. Curves 2-4 are real distributions of dopant for different values
of annealing time. Increasing of number of curve corresponds toincreasing of annealing time

L

o]

TLLL

X"y ~z

U [C(xy,2.0)-w(xy,2)]dzdydx (15)

o—Jt

o —

where v (X,y,2) is the approximation function. Dependences of optimal values of
annealing time on parameters are presented on Figs. 6 and 7 for diffusion and ion
typesof doping, respectively. It should be noted, that it isnecessary 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 gppropriate 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.

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 canfind spreading of distribution
of concentration of dopant in thisarea. This changing of distribution of concentration
of dopant could be at least partially compensated by using laser annedling [37]. This
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Figure 5: Spatial distributions of dopant in heterostructure after ion implantation. Curve lis
idealized distribution of dopant. Curves 2-4 are real distributions of dopant for different values
of annealing time. Increasing of number of curve corresponds toincreasing 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. Curvelis
the dependence of dimensionless optimal annealing time on therelation &/ and &= y=0for
equal to each other values of dopant diffusion coefficient in all parts of heter ostructure. Curve 2
is the dependence of dimensionless optimal annealing time on value of parameter sfor a/£=1/2
and &= y= 0. Curve 3isthe dependence of dimensionless optimal annealing time on value of
parameter £for a/L=1/2and &= y= 0. Curve 4 isthe dependence of dimensionless optimal
annealing time on value of parameter yfor a/L=1/2and g= £=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 therelation a/Z and &= y
=0 for equal to each other values of dopant diffusion coefficient in all parts of heterostr ucture.
Curve 2 isthe dependence of dimensionless optimal annealing time on value of parameter efor
a/L=1/2 and £= y= 0. Curve 3isthe dependence of dimensionless optimal annealing time on
value of parameter £for a/L=1/2and £= y= 0. Curve 4 isthe dependence of dimensionless
optimal annealing time on value of parameter yfor a/L=1/2and = £=0
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Figure 8: Normalized dependences of component ¢ of displacement vector on coordinate zfor
nonporous (curve 1) and porous (curve 2) epitaxial layers
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type of annealing gives us possibility to accelerate diffusion of dopant and another
processes in annealed area due to inhomogenous distribution of temperature and
Arrhenius law. Accounting relaxation of mismatch-induced stressin heterostructure
could leads to changing of optimal values of annealing time. At the same time
modification of porosity gives us possihility 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 could leads to generation
didocations of the discrepancy. Figs. 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.

0.4 o

V(2) 02

0.0

1
a
0.0 7

Figure 9: Normalized dependences of vacancy concentrations on coordinate zin
unstressed (curve 1) and stressed (cur ve 2) epitaxial layers

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 static comparator. 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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