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On approach to increase density of elements of
symmetrical multiplier. Influence of mismatch-
induced stress and porosity of materials on
technological process

EL Pankratov

Abstract

In this paper we introduce an approach to increase density of p-n-junctions in the framework of a
symmetrical multiplier. In the framework of the approach we consider manufacturing the symmetrical
multiplier 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 in the framework of the 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: Symmetrical multiplier; optimization of manufacturing; analytical approach for prognosis

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 6. To increase the performance of these
devices it is attracted an interest determination of materials with higher values of charge
carriers mobility 1%, One way to decrease dimensions of elements of integrated circuits is
manufacturing them in thin film heterostructures 5 1, 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) [*>-151, An alternative approaches to increase dimensions
of integrated circuits are using of laser and microwave types of annealing [16-18],

In the framework of the paper we introduce an approach to optimize manufacture of p-n-
junctions. The approach gives a possibility to decrease their dimensions with increasing their
density in the framework of a symmetrical multiplier. 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 Fig. 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 Fig. 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 multiplier 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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Fig 1a: Structure of the considered symmetrical multiplier (1,

Epitaxial layer

Bufter layer

Substrate

Fig 1b: Heterostructure with a substrate, epitaxial layers and buffer layer (view from side)
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 [t 20-23],

aClxyzt) 8 [ ﬁCt'J:\y.z.tj} a [ EC('.J:,_V.Z.I:I] a [ ﬁ'C(lJ:,_v.z.t)}
at _a,rD B +6'_vD 8y +ﬁ‘zD Bz +

3 [Ds L,
02 [Ty (3, 2,0) [{2Cx, 3, W, )dW | +

8 [Ds L
+QE[EFS“1(xr3’rZrt)fo Clx,y, W, t)dw]+ o

g [Decs ﬁngt'x.y.z.t)} g [Des ﬁagi'x,_v.z.t)} g [Dcs ﬁ'ngt'x\yz.tj]
gztx LVET gx =ty LT ay gz VLT dz

with boundary and initial conditions

dCixyz.r) acixy.z.r) dc{xy.z.r)

— | =0,— =0,——— =0,CKxyz0)=fc(xy2),
dx x=0 dx x=L, gy ¥=0

dc{xy.z.r) 0 dCixy.z.b) dc(xy.z.t) -0
gy x=L ' dz z=0 ' gz x=Lg '

Here C(x,y,z,t) is the spatio-temporal distribution of concentration of dopant; Q is the atomic volume of dopant; Vs is the
symbol of surficial gradient; J'ULEC(x,y,z, t)dz is the surficial concentration of dopant on interface between layers of

heterostructure (in this situation we assume, that Z-axis is perpendicular to interface between layers of heterostructure);
(xy,z,t) and ze(x,y,z,t) are the chemical potential due to the presence of mismatch-induced stress and porosity of material; D
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and Ds 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 24281,

c¥(xy.z.c) Vixy.zt) Ve (x,yzr)
DC = DL(X,:‘;J‘,Z, T) [1 +6—P]’t'x\yz.1“”l] [ + ¢y o + ¢ e :|1
c¥(xyzr) Vixyzt) VE(xy.z.L)
Ds = Dg1(x,y.2,T) [1 +s m} [ o e } 2

Here D. (x,y,z,T) and Dys (x,y,2,T) are the spatial (due to accounting all layers of heterostruicture) 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 y e 324 v
(x.y,z,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 4. Spatio-temporal

distributions of concentration of point radiation defects have been determined by solving the following system of equations 2%
23, 25, 26]

ari, \.zrl

- [D; (x .z, T) aII:.J..J-.Z r|:|

[D!(x .2, T) arix, '»zrl:| +

+ [D;(x V.2, T)EH.J.,}.ZII]

k!,! (x.! }}.! Z, T)IZ (x,}’, Z, t) - k! W (x.! }}.! Z, T} X
x I(x,y,zt)V(x,y,2,t) —l—ﬂa [£ Veu(x, v, 2, t)_[ I(x,y,W, t)dW]

—i—ﬂ; D15 g, y,z, t)f I(x,y, W, t)dW] . [D” M}

VkT dax

i [ﬁﬂugi-_;;\vz.r)} i [ﬂ Ei'ugt'x\vz.rj] (3)
dv LVET dv dz LVET dz
EVtJ.a:z L) [DV (x vz, T} ﬁ".ftJ.c»z r|:| [DV(X V.2, T) ﬂ'VtJ.oz II] +
Vi
+2 [0y Goy, 2, D FEEE — k(0,2 TIVA (3, 2,6) — Ky (1,7,2T) X
x I(x,y,zt)V(x,y,2,t) —l—ﬂa [ﬁ Vept(x, v, z, t)_f Vix,y, W, t)dW}
a DV.S' ] [D;:g Buq(xy.z r|:|
+0— 5 P‘sp,(x ¥, 2, t)_f V(x,y, W, t)dw T
i Dﬂﬁagi'x,y.z.t)} E %ﬁ'ngt'x\yz.tj]
gy LVET ay gz VLT dz
with boundary and initial conditions
GIix,y.zt) -0, 8Iix,y.zr) -0, alix,v.zt) —p,
dx =0 dx x=L, gy =0
al{x,y.zr) —0, al(x,y.zt) -0 alxy.zt) —0,
dy Y=Ly gz z=0 dz z=L;
avix,y.zc) — 0, gV ixy.z.t) _ OlﬁVt'J:.y.z.t:l -0, (4)
da x=0 da x=L, ay ¥=0
avix,y.zc) —0, avix,y.zc) —0 ﬁ"lr’('.::.yz.tjl —0,1 (X,y,Z,0)=
dy y=L, gz lz=p iz =L,

=fi(x,y,2), V (xy,2,0)=fv (x,y,2), V(x, + V. t, v, + V. £,z + V6 =V | 1+ 20w

|
I:T\|.J:f +yi+zt
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Here | (x,y,z,t) is the spatio-temporal distribution of concentration of radiation interstitials; 1" is the equilibrium distribution of
interstitials; Di(x,y,z,T), Dv(x,y,z,T), Dis(x,y, z,T), Dvs(x,y,z,T) are the coefficients of volumetric and surficial diffusions of
interstitials and vacancies, respectively; terms V?(x,y,z,t) and 12(x,y,z,t) correspond to generation of divacancies and
diinterstitials, respectively (see, for example 28, and appropriate references in this book); kiv(x,y,z,T), kii(xy,z,T) and
kvv(x,y,z,T) are the parameters of recombination of point radiation defects and generation of their complexes; k is the
Boltzmann constant; @ = 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 values » = \/xf + y and z; before annealing . With
time small pores decomposing on vacancies. The vacancies absorbing by larger pores 21, With time large pores became larger

due to absorbing the vacancies and became more spherical ?"). Distribution of concentration of vacancies in heterostructure,
existing due to porosity, could be determined by summing on all pores, i.e.

. . = . 5 . _°
V(x,y,2,t) = Yisg X to k=0 Vo(x +ia,y +jB. 2+ ky,t), R =[x+ y? + 22,

Here ¢, fand y are the average distances between centers of pores in directions x, y and z; I, m and n are the quantity of pores
inappropriate directions.

Spatio-temporal distributions of divacancies @y (x,y,z,t) and diinterstitials @& (x,y,z, t) could be determined by solving the
following system of equations [25 261,

ﬁ'q‘-';i'x._vz.tl

a &y (xy.zt)
P [Dﬁ(x v,z,T) —]

d d 2 ]
[D@I(x V.2, T) @;U.mzt] +

+ [Dﬁ[x V.2, T) a&plxy. ztl]

Ds s
+.(.?Ia [ '*SP'S,u,l(x vzt)fo & (x, v, Wt)dW]

+.Q: [D'* = Vepty (x, 7,2, t)f0 & (x,y, W, t)dW}+k”[x vz, I (x,y,2t) +

ﬁ ﬁu: (x.y.2.5) ﬁ Dy 5 duqlxyzt) ﬁ ﬁ' (x.y.zt)
:—] _*z_“:—} “3—] +
S'J. VET dx 6"» VkT ay ﬂ'z VET dz
+k(x, 3,2 T)(x, y,2,t) (5)
deylryat) _

ddy(x, wztl} ﬁ"?‘-'r,ri.J.,}.z tl}

d d
220 = 2 [pe, (x 3.2 T) =[ps, ey.2T)

ﬁi'hr,,r(.:l.;»z rl]

[D.i,;,(x v,2,T) +ﬂa [ * Veuy (%, v, 2, t)_f &y (x,y, W, t)dW]

Lz
+n— 5 [ V2 ey (x,7,2,t) fu &y (x, v, W, t)dW} +kyy(x,y, 2, TIVE(x, v, 2 t) +

a [Dq:,ﬁ ﬂ'ugi'.x.yz.rj:l a [D.#Vs ﬂ'ugi'.x.yz.rj:l a [Dq:vs ﬂ'ugi'.x.yz.r]:l n
dx L VkT dx dy L VLT ay dz L VET dz
+kv(x,jf,z, T)V(x!}}.!z.! t)
with boundary and initial conditions
delxyzt) -0, GIix,y.zt) -0, GIix,y.zt) -0,
dx x=0 dx =L, dy =0
Ix,y.2r) —0, d#play.zt) -0 I{x,y.zL) -0,
a-"‘ .VzLy dz z=0 dz z=L,
ddyplryat) — o, aVixyzi) =0, avVix,yz.r) —0 (6)
dx x=0 g x=L, dy y=0
avix,y.z.t) -0, avVix,y.zr) —o, ddp(xyar) -0,
ay y=L oz z=0 dz z=1,

D (x,y,2,0)=far (X,Y,2), D (x,y,2,0)=Fav (X,Y,2).

Here Dai(X,y,2,T), Dav(X,y,2,T), Dais (X,y,z,T) and Davs(X,y,z,T) are the coefficients of volumetric and surficial diffusions of
complexes of radiation defects; ki(x,y,z,T) and kv(x,y,z,T) are the parameters of decay of complexes of radiation defects.
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Chemical potential z4 in Eq.(1) could be determine by the following relation 2,
,Llle(Z)QO'ij [Uij(X,y,Z,t)+Uji(X,y,z,t)]/z, (7)

. du; . .
%"'a_?) is the deformation tensor; uj, u; are the
J i
components Ux(x,y,z,t), uy(x,y,z,t) and u,(x,y,z,t) of the displacement vector (x, y, z, t); X, x; are the coordinate X, y, z. The Eq.
(3) could be transform to the following form

du;(xyze)  duilxyeo)| (1] du;(xyze) | du;lxyzi)
X, v, Z, t) = G 4 J + ] 1 f] _
,[.‘.( ) ) [ Bax; + dx; ] {2 [ Bax; + dx;

where E(z) is the Young modulus, oj is the stress tensor; u;; = 2(

a(2)8;; [duglxy.zt) a

p— [ — 32|~ K@)B@)[T(x,y,2,1) ~ T,16, } 2E(2),

where o is Poisson coefficient; g = (as-ag.)/aeL is the mismatch parameter; as, ag are lattice distances of the substrate and the
epitaxial layer; K is the modulus of uniform compression; g 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 24,

g° UL (xy.2.L) A, (xy.2.L) ﬂ'a'x).t'x.yz. ) Bz (x3.2.8)
= =
p ( ) gt dx + dy + dz

8% u, (xy.zL) da,. (ry.z.r) da,. (ry.z.r) da,(xyz.r)
= ¥ a) ) — o et 4 ry 2 4 yraietal 4
( ) gt dx + dy + dz

FPuglxyzi) Ggglayzt) | Bogyu(xyzt) | oz (xyzi)
p(2) et - B + 8y + Bz

_ E(=m Buglxyzr) | Gujlxyzr) EU duglxy.z, rl] ﬂ'uku\mzrl .
where g;; = re@i|  ox, + ™ P +K(2)8;; x x ——————B(DK()[T(x,y.zt) —T,], p@) is

the density of materials of heterostructure, & Is the Kronecker symbol. With account the relation for oj; last system of equation
could be written as

82 u(xy .z S5E(z) P ulxyziL) _ E(z)
p[z) ar® [K( )+5[1+ac'z;|]} ax® [K( ) 3[l+m:'zj]} X

Fuy(xyzr) T E(z) 8wy (xy.2) ¥ a° uzi'.:l:.yz.rjl:l [K(Z) n E(z) :| %

dxdy 2[1+o(=z]] gyt dz? 3[1+e(=)]
8 ug(xyzt) 0T (x,y.2.t)
X awer K@EE—;
( )ﬁ'g uylxyzt) _ Elz) [ﬁzu}.t'.r\yz.tj ﬁzuxt'.r\yz.tj] OT (xy.z.t) e
ar® 2[1+a(z)] B Bxdy ay
E(z) Buylxyzt) | Bug t'.l:\yz.tj] } 87 U, (xy.z.L) 8
X K(z)ﬁ[z) ™ dz {2[l+a'tz|] dz + ay + ay* X ( )
SE(zZ) E(z) g° u,, Axy.zr) 8%u,(xy.2.1)
O k) + [k - 20 ) () Paera
12[1+o(=]] + ( ) + ( ) B[1+o(z]] ﬁ'\-ﬁ + ( ) dxdy
(2) fuzlxyzt) _ Elz) Ru (xyazr) | BCuglryze)  8u lvyzr) ¥
ac? 2[1+oiz)] dx® ay® dxdz

a2 ylay.zt) a du lxyzt) | Bu,(xyzt)  Bu,lxyzi)
u,lxy.z 'I]+—[K(Z)[ ux;;-.z ,|+ Uy (2,52 ,|+ Uy (Y2 IH+

dydz dz ay dz
1 a [ E(z) uglayzt) Ouylxyzt) duylxyzi) ﬁuzi'.x,y.z.t)“
6 gz \1+a(z) dz dx ay dz

—K(z)ﬁ(z) aTt'Jr;;v.z.zju .

Conditions for the system of Eq. (8) could be written in the form
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U0y .zt) ULy y.2L) Bu(x028) ﬁ'ﬂ:'(.l:.L}.z.t)

dx dx ay 0 dy 0
AU (xy.0,8) Bulxy.Lat)
—— =0, ————===0;1(x,y,2,0) = tly; i(x,y,2,%) = i

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 281, Previously we transform the Egs.(1), (3) and (5) to the
following form with account initial distributions of the considered concentrations

dc(xy.z.t) a [ ﬁCt'J:\y.z.tj} a [ EC('.J:,_V.Z.II] [ E'C(.J.,}.z tl} 1
_ = R — J— R — R — a
ar da D da + ay D ay D + ( )

a [Dr:.s‘ ﬁ‘ugt'x.yz.r):| a [DC_S- ﬂugi'.r\vz.r)} a [DCS ﬂ'ugt'x\vz.rj:l_i_
dotx LVET dx & VKT dv gtz IVET dz

2y

8 [Dpsduzlxyzt) d [Dg
se i 20 a7 [ oy 2,0 [y oy W, aw] +

8 [D L,
+o- ﬁ&ﬂ(x,y,z, t)fn C[x,y,W,t)dW}

allx,y.zr)
ar

al(xy.z.r) ﬂ'ItJ. V.2, r|:|

= [D;[xvz'i") } P [D!(x v,z T) +

+ [D;(x V.2, T)ﬁ!i.m.ztl]

8 [D L,
+04- ﬁ?spl(x,y,z,t) fn I[x,y,W,t)dW}+

25 [D‘S Vorts (6,2, 0) [} 106 3, W, t)dW} — k(%2 TP (xy,zt) -

—kpy (5, y,2, T (x, 3,2,V (x, y.2,t) + fi(x,y,2) 6(t) (32)

aVixy.z, tl

a dVixy.z.t)
2202 [0, o) 25220

d av () ]
[DV(X V.2, T) Vt.l.mzt] +

-I—!?. ﬁ?s,ul(x V. Z, t)f Vix,y, W, t)dW]

[Dvﬁx V.2, T) aVI:.J.J-.Z rl]

[ Very (%, 7.2, t)fn I(x, v.W, t)dW} kp (x,y,2, T (x,y,2,t) —

—kpy (v, 2 T(x, y, 2, V(X y,2,t) + fi(x, v, 2) 8(t)

d&laxy.zt)

ﬁ'-ﬂ(.:. - tl]
ar

d d 2 ]
[D@I(x V.2, T) q‘-';t.l.mzt] +

= [quj(x v.2,T)

By, zrl]

LE
+- [D,i,j[x v,z T) +n— [—1— Veu (x, .2 t) [ (x,y, W,t)dW] T

g D
+'Qa. ['*SP:;_ul[xvz t)f0 & (x, v, W, t)dW}+k;[x v,z TH(x,y,zt) +

S e
(63,2 D (5.3, 2,8) + fi, (3, 7,2)8(0) (52)
AL NG F PP S AW TLA IR T VP STt A

ot OX v ox 5y ay
+ [le';:(x V.2, T} M] ﬂ% i FS_H.J_(X V.2, t) J"ULE qbp(:f,y, W’ t)dW] +

g D
+'Qa. ['*SP:;_ul[xvz t)f0 & (x, v, W, t)dW}+k;[x v,z TH(x,y,zt) +
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d [Deys ﬁ'agi'x.yz.tj] 8 [Deps ﬁ'agi'x.yz.tj] 8 Dr#-r,,rs duq (, mztl]
gx L VET dx ay L VLT ay az | viT dz

+kV,V(x:j}:Z: T)VZ(X! }}.! Z, t) + f@v (x.! }}.! Z}&(t)-

Farther we replace concentrations of dopant and radiation defects in right sides of Egs. (1a), (3a) and (5a) on their not yet
known average values i, In this situation we obtain equations for the first-order approximations of the required
concentrations in the following form

9C; (xy.zt)

) — 90,5 } i[ Ds }
P —alcﬂax[zm_%ﬂl[x,y,z,t) tayel |z Vept(x, v, 2,6) | +

e (0, 2)8() + 5 [2es HeE220] I [Jes o2

dex WWET dx dety WET dy
i Eﬂ'ugtr\vz.ﬂ]
+ drz ['Ir_’kT dz (1b)
Iy (xy.z.)
22D 20 2 [ utx,y, 2.0 + ay0 2 222 Voulx,y, 2. 0] +

d [Dyg ﬁngt'.l:.y.z.t)} d [D;s ﬁngt'.l:.y.z.t)} d [ Dy ﬁ'agi'x.yz.tj] +
gx LVET gx gy LVET ay gz LvLT dz

+fi(x,v,2)8(t) — aiik;; (x,y,2,T) — ay vk (x,v,2,T) (3b)
avylxy.z.e)
TACEED — ey 2 [25 oty (0, 2,0 + a5 [225 Vo (2, 0)] +

a [Dr..rs ﬁ‘ugt'x.yz.r):| a [Dr..rs ﬁ‘ugt'x.yz.r):| a [Dr,,rs ﬂ'ugi'.r.yz.rj] +
dx LVET dx dv LVET dv dz LVET dz

+fr (v, 2)8(t) — afykyy(x, .2 T) — ayayky (x,9,2,T)

gl t) d
% @y, 200 5~ [ 2 S Vepty (x, v, 2, t)] +ay4,20 [ 2 Vetty (%7, 2, t)}
ﬁ‘ugu Y.E,L) ﬁ‘ugu Y.E,L) Bugi.:l. y.z2.r)
5'.1. [ VET :| 5'1- [W.T dy :| dz [ VKT dz ] +
+fo, (6 v,2)8() + Ky (6, v, 2 T (x, y,2,8) + Ky (6, 9,2 T (x,y,2,t) (5b)
A2, v.21) #p5 FpS5
”"T zﬂa [ Y Vit (x, v, 2, t)} + @y4,200 v[ oy (v, 2, t)]

d [Deys ﬁ'agi'x.yz.tj] 8 [Deps ﬁ'agi'x.yz.tj] 8 Dr#-r,,rs duq (, mztl]
gx L VET dx ay L VLT ay az | viT dz

+flf'v(x: }}!Z)é‘(t) + kv(x,jf,z, T)V(x! }}.! Z, t) + kV,V(xJ:F:Z: T) Vz (x.! }}.! Z, t)'

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

V(x,y,2z1) Vi(x,y,21)
Ve + G2 (VH )2

a z
Cilx,v,2,t) = HICQEL Dy (x,v,2,T) T [1 +cy

al, a [ aj,
x Vepty(x,y,2,1) [1—1—& dr}—i_qw@_vj Dy (x,v,2T) [1 —I—ﬁ +
Y

PY(x,v,2,T) PY(x,y,2,T)
z V(x,y,z1) Vi(x,y,21) i} DC_;
X ﬂ[’:sﬂl(x;fihzr r)ﬁl:]-—i_cl V* +g2 (Vx)z a — f V}'{T

du-(x,v,z, T 7] Derc Op-(x, v, 2, T d Drc dpu-{x,v, 21T
xﬂz(ﬁ )d [ s Ouy(x,y, )T+a f cs Oz (% y, ) -

ax Tty Tt ay VKT o8z
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+fe(xy,2) (1c)

I(xy.zt) = “1:3-‘? fg e Vsy (¥, 2, 0)dT + “1:3-9 fg T = Vsuy(x,y,z,)dr +

g rr Dpg ﬂ'ug(.r,y,z,rl t D5 Bugfxgzrl t Dpg Buglxyzr) d
— | === e — T
dx -0 VKT dx J.U VkT J-U VT dz +
2 r [
+fi(x,y,2) —af; [k (x,y, 2, T)dt — ayayy [ ky(x,y,2,T)dr (3¢c)
V(x,y,2t) = a2 [f 25 o, (x,y,2,7)d 02 [F22 v p, (x,y,2,7)d
FRCTN S tyy 2. fg or (sHA\G VL2, TIAT + @z fg or (sHLY, 2, T)aT +
ﬁ' t Dys ﬁ'ag(.r.),ztl tDys ﬁ';,:g('.m,ztl d i tﬂﬂﬁaglf.ry,z,t)dr_F
ﬁ‘.r 0 VET dx 0 VET A gz -0 VKT dz

+r(xy.2) —afy J-gr kyy(x,y,z,T)dt — ﬂ'uﬂ'lvfg kiy(x,y,2,T)dt

tDg. 5

By (0,72, ) = a1,20 fr 2Ly, (x,y,2, Ddr+ 0 f —LFSpl[x,jf,z, 7)dT X

tDg ;5 dps(ayzt) 8 D sdus(xyzr)
X 0ty p,2 +f¢.J (x,v.2) + f - —dr 35 Jo EIT—T dt + (5¢)

ﬁ rD 5 Aol 3
azJo 'I.:.T = .;er dt +fg ki (x,y, 2z, T)(x,y,z 1)dt +
+ fnt ki (x, 3,2 TI*(x,y,2 1)dt

4 '*VS
0 kT

tD *V‘S‘

1y (0,7,2,1) = 1,20 = [T G, (1,y,2,0)dT + 0 [T G, (0,7, 2, T)dT

tD¢VS§n3(xerld 8 tDr#-r,rSﬁ'n:(.rJ,z,r)d

X Q14,7 + fp,(x.7.2) +a fn - 3y Jo TrT 3y T+

8 rtDeys Buy(xyzt)

8z J0 Tt dz dr +qu ky(x,y.2,T)V(x,y.z,T)dT +
£ 2

+fg kyy(x, v,z TV (x,y,z 1)dT.

We determine average values of the first-order approximations of concentrations of dopant and radiation defects by the
following standard relation 2],

@p =gz to fo* o Iy pa (v, 2 t)dzdydat, ©)

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

BazB+El:LIL_),LEa1) __azt4
day

1 Ly rLy pLg
@yc = L:rL—:;szn fo} fn JeGuy.2)dzdydx, ay; = \l 4“* - (B

g

_f f f *fi(x,y, 2)dzdydx — a;; Sy — QLxLyLz},

a = —
w= Sivon Layg

where S, ;; = _[09(9 —t) j'ULx j'ULJ'j'UL‘ ko p(X, 3.2, T (x,y, 2 OV (x, v, 2z t)dzdydxdt, ay = Spjoq X
Ly oLy rLs
X (Sf700 — St100Svvee): @3 = SivoeoSinoo + Siroo — StrooSvvoee @z = .[g J-g'} .[g fr(x, v, z)dzdydx x
X SpyooSioo + SrooOLELS L2 + 251!'.!005::00.[ .[ .[ *fi (x.y, z)dzdydx — OLLLS LSy —
—Shro0 JF [ [L2 dzdydx, a; = Spoo [1% 27 [ dzdydx, ag =S
oo fg fg .[g filx,y,2)dzdydx, a, = Wonfg fg fg fi(x,y,z)dzdydx, ag = Syygq X

Ly pLy pLg z z o g
x[fo 17 s ﬁ(x,y,z)dzdydx} ,A=J8}f+822—§—482—i,3=6—$+ Wa*+pP—q—
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—SJ Z4p3 _ e — et 2“0 208} _
Vgc+p+4q.q 20 (4&0 Lyl ) 2 (46’(12 [ a4.)

o%ad 5.9 .20%] s daga,—6Ll,Loaa;  @a
— — L3I L 2P = g4+ *xr=2 2 =
54a_,_ 2a lZa_,_ 18a4_

— Rpy Siizo 1 Ly L_)' Lg
Coy = Grot + S + i 1057 Iy fe,(x, v, 2) dzdydx

_ Ry Syvao
Coy = Grants + oLt LXL = fn fn fn fa,(x, v.2)dzdydx,

where R, = f;[@ —t) f;x f;’f;” ki (x,v, 2, T)i(x, v,z t)dzdydxdt.

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 %81, 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 anstp n1 (X,Y,2,1). The replacement leads to the following transformation of the
appropriate equations

8C(xyzt) _ @ ([ [agc+C1('.J:._vz.t:l]]’}[ Vixy.zrt) Vgi'.r.yz.t:l]
ar T B + f PY{xyzT) 1+¢ v* 62 w2
ac, (xyz.0) a Vixy.zt) Vi (x,yzr)] 8C, (xy.zt)
X Dy(x,y,2,T) ———— ) +— ([1 BIE S a l Sree } X

[a;C+C1t'J:.y.z.t)]}'}) a8 ([ Vixy.zr) Vzt'.l:,\_v_z,t:li|
x D (x,y,27T) [1 + f—Pl‘i'x\v.z.T] S | LR St & T ) %

% DL(X V.2, T) ﬁ‘CltJ.;»zrl [

1 4 & Lezctlxyanl zjr:']y}) + f-(x,y,2)8(t) +

P¥(xy.zT)

g [Decs ﬁngt'.l:.y.z.t)} g [Des ﬁagi'.r,_v.z.t)} g [Dcs ﬁ'ngt'.l:\yz.tj]
gztx LVET gx =ty LT ay gz VLT dz

a5 [ﬁ Vsuy (6, 3,2,t) [ *layc + C o,y W, t)]dW} +

a (D L,
_H?E [A—; Verty(x, v, 2,t) fn [asc + Clx, v, W, t)]dW} (1d)

ﬁ!;i'.r,y.z.tl

a I (xy.zt)
o2 [0 )25 o

d d ) ]
[D;(x V.2, T} Ili.;n-.zt} +

+2[p,(xy,2T) k(6,2 Dlay + L6 y,2, 01 — ky(x,y,2T) X

ﬁ!li.m.z tl}

X [ay+ I (v, 2 O]lay + Vi (x, v, 2,8)] +0-- [F"_;,u,[x v, Z, t)fn leeg; + 1, (v, W, E)]dW X

x 25} 4 02 (2 ouCe,y,2.0) [y + 1, Coy, W, 0)dw )+ 2 226020 o

D;_S- d tDig ﬂ'ugu\mzrl t Dyg Buglay.zr)
T —_—— 7(31' ad
X St + J-0 VkT By fﬂ VT dz (3d)
av. t'.l:\yz.tl ﬁ' vy (xyzt) ﬁ ﬁ'lr’(.:. Y.zt

a [Dvﬁx V.2, T) Ei'Vli.J.;»zrl]

kyy(xy,zT)lay + Vi y, 2 0] — k(2 y,2.T) x

X [ay+ I (v, 2 O]lay + Vi (x, v, 2,8)] +0-- [F"_;,u,[x v, Z, t)fn [aay + Vi (x, v, W, ) ]dW x

tdpgay.z.r)
o

D”} +0-- [ S Veulx, v, z, t)_f Layy + Vy (x, v, W, t)]dW} 05

Dy rDye Gt tJ.\.zrl t Do Biqlxy.zr)
_'r'S J' 2VE 2w J' 2vs 2l dr
VKT 0 VrT dy 0 ¥rT dz
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Ei'r.ﬁg;lf.r,y,z,r )

dd g (ay.ar)
1-’7] +
ar

Biii(xerl]

2 [ps,(ry.2T) =[s, (63.27)

-I—ﬂ%{ S Veu(x, v,z t)_[ [a2¢1+ &, (x, v, W, t)]dW}+f{”[x v,z T (x,y,zt)+

a4 (D
—I—ﬂa—y {_::{E Vep(x, v, z,t) f;z[az-ﬁ; +&,(x, W, t)]dW} + k(e v, 2, TH(x, v, 2,t) +

D5 duslxyzr)

[ } [ D s duglxyazr)
ﬁ'} VET dy dz L VET dz

ﬂug(x:»,z rl} ] +

ﬁ'.r [ VkT
a g r.Z.t)
+2[Dy, oy, 2, ) 2SS 4 £ (4, y,2)8(0) (5d)

GEqplxyat)

Eélg(xgztl}
dc

d& ]
w(-r:vzt} +

d d
= [quv (x,v,2,T) [qu.v (x,y,2T)

Fy5

-I—ﬂ%{ Veu(x, v, z, t)_f [azs, + 210y W, t)}dW}—i—k._,-V(x v,z TWV3(x,y,zt) +

+.Q|;{ f;'sl?:;_u(x ¥,z,t) fo [afﬁ.v + &, (xy W, t)]dW}+ ky(x, v,z T)V(x, v,z t) +

8 [Deys ﬁ'uglf.r,y,z,tj] 8 [Beys ﬁ'uglf.r,y,z,tj] 8 [Peys ﬁ'uglf.r,y,z,t)] n
gx L VET dx ay L VLT ay dz L VT dz

a dd .z
+2 s, (13,2 1) 2L £ (x,y,2)8(2).

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

8 et [aac+Cyfxy.z)]r Vix,y.zT) Vi (xyz1)
€2 (x, Y.z t) = B fﬂ {1 +$ P¥(xy.2T) } [1 T4 v 6 (v*)® } X

E'C:Llf.r,\},z T)

. y 2 o Y
x Dp(x,y,2T) Vixyzr) v (x,;,z,r,.]

g rt W VAET)
dr—l—a—yfo Dy(x,y,zT) [1+g1 T2 gz

% a8c; (x.y.z1) {1 + f [agc+cjlf.r,y,z,tj]}’} EJ«; [1 +o Via,y.z1) V2 ('.ry,z,r)}

dy PY(xyzT) v* + 6 (v*)®

[agc"'c:[ (xc»'z,rll]]’

Cy (s
x Dy (x, v,z T}M{l +& P r——

fdr+ fo(xy.2) +

+0 - fn Ds Veul(x, v,2,7) fn [aoc + €y (x, v, W, r)]der+ fo Veul(x, v, 2, 1) X

Ds = [Dr:s aug(x,yz,r)}
X0 f [azc + C1 0y, W, DldW dt + — | =0 = +
2 (Do dutaya] | 0 [Dcs dusaa) (1¢)
gy LFLT ay g7z IVET dz

L(xy.zt)=— f D;(xsz)Md +5- f D;(xsz)Mdr—i-
a tD ( T} ﬁllf.r,y,z,rjd Ik ( T)[ I ( )]Zd
+Efn 1%y, 2,T)———— r—fo vz Tlag + 1 (x,y,2 1 T—
t d rr
_J-U 'I':!,V(x:}’:z: T)[Q'ZI + '{1 (xrylzr r)] [azl’—i_ I’E(x!.}j!z! r)]dr—l—a_ﬂj Fjﬂ(x:y:zj r) x

Dis rLg 8 t Lg
Qﬁfn lag; + I(x, v, W, T)]dW dr+a—yf0 Veulx, v,2,7) fo lag; + I (x, v, W, T)] %

D;_S- Dys dup(xyzt) g [Dpg dualxyzt)
X .Q de —_— |t =
+6'—".r VET dx dety LWET ay +

8 [Dys Buzlayzi)
+oo [ 0] 4 £y 2) (3e)
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ﬂvi(.r,;y ZT) ﬂvi(.r_),zrld

V(xy.zt) = f Dy(x,v,2T) ar +— f Dy(x,v,2T) T+

ﬁ"lﬁlf.r.),z T)

f Dy (x,v,2,T) dr —fn kyv (v, 2z, Dlagy + V; (x, ¥, 2,7)]*dr —

d
- J-UI 'If!,lf(x: V. T)[Q'ZI + '{1 (x:y: z, r)] [azv + I’E (x! V. r)]dr + a J‘; P‘S#’(xl V. r) x

D” fo‘“[afzp+ Vi(x,y, W, r)]der+ fn Vept(x, v, 2, r)f0 [aoy + Vilx, v, W, 1)] %

Dyg Buqix,y.2t) 8 [Dyg 8ualxyzi)
x 0205 w4 2 [BrsSualev=) | 0 [Dus Stz
+ VET dx + dety WET dy +

a Dyrg al{g(x.\}'.z.{:l:l
— | XV, 2
e [w.-:" dz +fr(x.y.2)

1(5,9,2,8) = 2 [y Do, (6,2, T) ZUEED g7 4 T [1ORUDED

ﬂﬁlifxgz )

X Dg,(x,y,2, T)dT + J'D,p;(xyz'i") dr+ 0 _I'P'Sp,[xyzr)x

Dess
fo [aze, + &1, (x, v, W, r)]der+.1‘? fnt :r fn [azs, + P, (x, 3, W, T)][dW x

tDgs ﬁ'u:(-mz ) d

X Veu(x, v, z, r)dr+fn kp (o v,z T (x,y, 2, r)dr+ f s

T+

D ) D )
i tDgs sOpa(xyzT) d ﬁ' tDgs sOpa(xyzT) dr +f¢ (xy Z)—l—

gy <0 VET ay dz J0 TiT dz
+ _l'nr ki (x, y,z, T)(x,y,z 1)dt (5e)
g prlxy.z.) g ptd@®plxyet)
&, (x, v,2,t) = fo Dg, (x,y,2, T)“’—dr+ 3_ny ”a—y %

ﬁ'@jylf.ro,zrl

X Dy, (x,¥.2, T)dr+ fn Dg,(x,y,2,T) dr+ﬂ%f;%ﬂ[x,y,z,r) o

#l,rs Fy5

Iy [a2¢v+¢w(xyWr)]dwdr+ﬂ f 37 [azs, + 1y (r,y, W, 1)]dW x

tDeys ﬂ'ug(xsnz ) d

X Vep(x, v, 2, r)dr+_f kyy(x,y, 2TV (x,y,2, r)dr—l— f e

T+

8 rﬂwsﬂ'ug(xmz,r)d 8 rtDeysdug(xyar)
gy -0 VET ay 8z /0 VRT dz

dt+ fs,(x,y.2) +
+ fnt ky(x, v,2, T)V(x, y,z, T)dT.
Average values of the second-order approximations of required approximations by using the following standard relation 21,

1 @ Ly rby Ly
f2p = mfn Io fn} Io [p2(x.y.2,t) — py (x,y, 2, t)]dzdydxd. (10)

Substitution of the relations (1e), (3e), (5e) into relation (10) gives us possibility to obtain relations for required average values
a2p

(bg+E)?

sazF+@3LxLyLzz:1) bg+E

0c=0, o1 =0, v =0, crz._,-—\, —4(F+ 5 T
" .

-1.

2
- Cy — o3y Syyvoo—zv(25vves +5N10+'5'LxLyLE:J_5Wuz =51
2 — ’
Syl teavSivon

2 __ SnooSvvoo
SivooSton bs = —— (28501 + Spy10 +

1
Where by, = ——— 7, -
ere b, GLXLJ_LESWUUSVVUU OL,LyL,

1
OLyLyLe
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SNUUSWGG SEVUU
+'9LxLyLz) + oL, (Sivo1 + 2Sir10 + Sivor + GL.J:LyLz) + oL.L,Ls (2Syp01 + Sry1o +

ShrnnSIvs Si1005
+OL,L,L,) — ;#%‘E’ b, = ‘;ULUTZ:.E: (Syvoz + Stya1 + Cv) — (Swio — 2Syvor + OLy Ly, X

1S s
X L) + I;EJT;LM (OL,Ly L, + 2810+ Syyon) + ﬁ (Stvor + 25i10 + 2801 + OL, Ly X

52 G52 25y,
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Sv105g. 5
X Lz + 281110+ Svor) (2Syvor + Sao + OLL,L,) — ‘;’::L;zzl - E'le'ilz (3Sivo1 + 28110 +

s Sva.
+OL,LyL)(Cr — Syvoz — Siy1n) + 2CiSivoStvon Bo = ElLfLu_:LE (Stvoo + Syvez)* — ﬁ X

1 Cor—Spriron —Sura s
xS [:QLxL.sz + 28110 + Svo1) (Cy — Syvoz — Sv11) + 2€1Sho1 — 5:1!01%2%“ X

1 Cor—Spriron —Sura s
xS [:QLxL.sz + 28110 + Svo1) (Cy — Syvoz — Sv11) + 2€1Sho1 — 5:1!01%2%“ X

2

Ty @3S0 Sizo Sizo Sy
% 5 eL.L.L.+ 28 + 5 O = S + — — ,
o1 (OLyLyL, o+ Swou): Cr oLl V0 Y oL 1 T el L L, Lyl

2
_ 2 _ _ _ ] Az __ Bay
Cy = ay@Sivon + XivSyvoo — Svvoz — S, B = JBJ’ +6e 2 46 2y F= oa, +
2%p3 a®

VST —r = W57+ 1,1 = 22 (4by — 6L, L, L %) x
2403 ¥52 g,

sap?  Ogpl

3 @*B] s— @2 dbgby—@L L L b, by @b,
Z gp3’ 1263 18h,

2Ry 200
x (40b,— 0 zu) IZI2L

Farther we determine solutions of Eqgs.(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 «i. The substitution leads to the following
result

8wy layzr) BT (x,v.2.8) ﬁzuiyt'x\vz.rj _
p(z) a2 - K(Z)ﬁ (Z) ax ’ F'(Z) a2 -
FPu, Ayt BT (xy.2.5) 2w, (xyzt) 8T (xy.z.t)
J_ A ) — _ LY s J.z A ¥ = LY s
p(2) THDED  _e(0)p(2) T () P () p(z) T2

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

_ B(z) 8 t B
ul.r(x:}j: Z, t) - HU.:L‘ + K(Z) E a J‘U J‘U T(x,j},z, T}drdﬁ -

Blz) 6 po= oA
_K(Z)EEIU [, T(x,y,2 1)dtd?,

(z) @ pt o0
Uy, (x,5,2,t) = upy, + K(2) e 3"[0 fn T(x,y,z 1)dtdd —

(z) @ pow pf
—K (z)%ﬁ Iy Iy TCx,y,z,7)ddd,

LOR.

t 8
ur(67,2,8) = g, + K(D) S5 1 [y Ty, 2. 0)dvdd —

(z) @ poo o8
_K(Z)%gfu [, T(x, y,z, T)dzd?d.
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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 ai+ui(x,y,z,t) 8. The replacement leads to the following result

p(z) ﬂzuggli.ﬁy,z,r) _ {K[Z) n SE(z) } 8%y (v yzL) n {K(Z) __E@ }ﬂzul).(xyz,rjl ¥

6[1+a(z)] gx? 3[1+aiz)] dody
8wy (xy20) E(z) BFuyplxyzr) | 8 ulzlf.r,\}'z,rjl:l AT (x.y.2.1) v
dody 2[1+e(z)] ay? az> dx

X K{Z)ﬁ[z:} + {K(Z) =+ E(z) }azujzf-rwz,t:l

3[1+a(z)] dxdz
p (2) 8 ug, (xy2t) __E@ [ﬁzuj}.(.ry,z,tj ﬁzujx(.r,y,z,tj] _ AT(xyzi) «
ar® 2[1+a(z)] ax® Bxdy ay

E(z) Bu g, (xyzr) ﬂ'uu(xy,z,rj:l} By {2y 2.0
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% { SE(zZ) + K(Z)} —i—{K(Z) . E(z) }6‘ ul‘}(.r,\},zrl —I—K( )ﬁ‘ Uyy Ay

12[1+a(=)] B[1+a(z]] dydz dady
2 82 uqg(xyzit) __E@ [63 Uy (ryzt) i Puy(xyzt)  PuglryeD)
p ar® 2[1+a(z)] B ay® fxdz
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1y ) v 1x ) 1y ) 1x )
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6[1+o(z)] dz dz dx dy dz

gy (xyzr) Buyy(xyzr) aun(.r,yz,r]}} E(z) aT (xy.z.t)
— — — —K(z)p(z)————.
dx dy dz 1+a(z) ( )ﬁ( )

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

1 S5E(z)
Uy, (x,y,2,t) = E{K(Z) 5[1+:(z|]} fo fo uy,(x, v,z 1)drdd +—{K[z)—
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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.
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Fig 2: Distributions of concentration of infused dopant in heterostructure from Fig. 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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Fig 3: Distributions of concentration of implanted dopant in heterostructure from Fig. 1 in direction, which is perpendicular to interface
between epitaxial layer substrate. Curves 1 and 3 corresponds to annealing time ® = 0.0048(Lx?+Ly?+L;?)/Do. Curves 2 and 4 corresponds to
annealing time ® = 0.0057(L«?+Ly?+L;%)/Do. Curves 1 and 2 corresponds to homogenous sample. Curves 3 and 4 corresponds to
heterostructure under condition, when value of dopant diffusion coefficient in epitaxial layer is larger, than value of dopant diffusion
coefficient in substrate
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Fig 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
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Fig 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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Discussion

In this section we analyzed dynamics of redistributions of dopant and radiation defects during annealing and under influence
of mismatch-induced stress and modification of porosity. Typical distributions of concentrations of dopant in heterostructures
are presented on 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 2°-%71, Framework this criterion we approximate real distribution of concentration of dopant by step-wise
function (see Figs. 4 and 5). Farther we determine optimal values of annealing time by minimization of the following mean-
squared error

1

U —
Lolyls

[ {5 [0 (x,y,2,0) — (x, v, )] dzdydx )

where y (X,y,z) is the approximation function. Dependences of optimal values of annealing time on parameters are presented
on Figs. 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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Fig 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 &= y= 0 for
equal to each other values of dopant diffusion coefficient in all parts of heterostructure. Curve 2 is the dependence of dimensionless optimal
annealing time on value of parameter ¢ for a/L=1/2 and &= y= 0. Curve 3 is the dependence of dimensionless optimal annealing time on
value of parameter & for a/L=1/2 and ¢ = y= 0. Curve 4 is the dependence of dimensionless optimal annealing time on value of parameter y
fora/L=1/2and ¢=£=0
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Fig 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 &=y
= 0 for equal to each other values of dopant diffusion coefficient in all parts of heterostructure. Curve 2 is the dependence of dimensionless
optimal annealing time on value of parameter ¢ for a/L=1/2 and £ = y= 0. Curve 3 is the dependence of dimensionless optimal annealing
time on value of parameter & for a/L=1/2 and &= y= 0. Curve 4 is the dependence of dimensionless optimal annealing time on value of
parameter yfor a/L=1/2and = £=0
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Fig 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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Fig 9: Normalized dependences of vacancy concentrations on coordinate z in unstressed (curve 1) and stressed (curve 2) epitaxial layers

Farther we analyzed influence of relaxation of mechanical stress on distribution of dopant in doped areas of heterostructure.
Under following condition &< 0 one can find compression of distribution of concentration of dopant near interface between
materials of heterostructure. Contrary (at &>0) one can find spreading of distribution of concentration of dopant in this area.
This changing of distribution of concentration of dopant could be at least partially compensated by using laser annealing F7.
This 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 stress in
heterostructure could leads to changing of optimal values of annealing time. At the same time modification of porosity gives
us possibility to decrease value of mechanical stress. On the one hand mismatch-induced stress could be used to increase
density of elements of integrated circuits. On the other hand could leads to generation dislocations 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.

Conclusion

In this paper we model redistribution of infused and implanted dopants with account relaxation mismatch-induced stress
during manufacturing p-n-junctions in the framework of symmetrical multiplier. 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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