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ABSTRACT

In this paper we analyzed mass and heat transport during growth of epitaxial layers in reactors for epitaxy from
gas phase with sloping keeper of substrate in comparison with flow of mixture of gas-carrier and gas-reagents.
We analyzed possibility to increase homogeneity of properties of epitaxia layers during different regimes of
growth. We introduce an analytical approach for analysis of technological process.

© 2016 Trade Sciencelnc. - INDIA

INTRODUCTION

Wide using multilayer structures for manufac-
turing of solid state electronic devices leads to ne-
cessity to improve properties of layers of the struc-
tures. In the present time following procedures are
using for growth multilayer structures. molecular-
beam epitaxy, epitaxy from gas phase, magnetron
sputtering. One could find alot quantity of experi-
mental works about growth of heterostructures*9,
However essentially smaller quantity worksdescribe
any prognosis of epitaxy!9,

Inthis paper to generalize recently published re-
sultg*1¢l we analyzed processes of mass and heat
reactors for epitaxy from gas phase with sloping
keeper of substrate under angle y with direction of
flow of gas-reagents. Main am of our paper is de-
termination conditions for improvement of proper-
ties of epitaxial layers. Structure of reactor within-
duction heating is presented on Figure 1.

Method of solution

First of al we analyze spatio-temporal distribu-
tion of temperature. To anayze the distribution we
determine the solution of the second Fourier |aw!9

&T(r,go,z,t)
¢ ot
V(r,p,2,t)-c(T)-T(r,p,2t)-C(r,p,2,t)}+

=div{1-grad[T(r,p,zt)]

+p(r,e,2,1), (1)

where y isthe speed of flow of mixture of gases-
reagents (we consider gases- reagents as ideal
gases); cisthe heat capacity; T (r, ¢,z,t) isthe spatio-
tempora distribution of temperature; p (r,9,z,t) is
the density of power in the system substrate-keeper
of substrate; r, ¢, z and t are the cylindrical coordi-
natesand time; C (r,0,z,t) isthe spatio-temporal dis-
tribution of concentration of mixture of gases-re-
agents; A isthe heat conductivity. Value of heat con-


mailto:elp2004@mail.ru

348 Analysis of regimes of growth of epitaxial layersin gas phase epitaxy reactors MSAIJ, 14(9) 2016

FPull Peper e

e o o o o
Figure 1a : Sructure of reactor for gas phase epitaxy with sloping keeper of substrate

Figure 1b : View from side of keeper of substrate and approximation of the keeper by doping lines with angle of
sloping @,

ductivity could be determine by the following relation: A = \_/I_CV o, / 3, where v isthe speed of the gas

molecules, | is the average free path of gas molecules between collisions, ¢, is the specific heat at
constant volume, p isthe density of gas.

To solvethe Eq.(1) we shall to take into account moving of mixture of gases and concentration of the
mixture. We determine speed of the moving and the concentration by solving the equation of Navier-Stokes
and the second Fick’s law, respectively. We also assume that radius of keeper of substrate R essentially
larger, than thickness of diffusion and near-boundary |ayers. We al so assume, that stream of gasislaminar.
In this situation the appropriate equations could be written as

ﬂ+(\7-V)\7:—V(Ej+vA\7

ot o, ’

oC(r,p,zt)
ot

where D isthediffusion coefficient of mixture of gases-reagents; Pisthepressure; p isthedensity; visthe
kinematic viscosity. Let us consider the regime of the limiting flow, when al forthcoming to the disk
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= div{D-grad[C(r,¢,2t)]-V(r,0, 2,t)-C(r,p,2,t)} 3)
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molecules of deposit material are deposing on the substrate, flow is homogenous and one dimension. In
this case boundary and initial conditions could be written as
C(ro-Lt)=C,C(r-0,zt)=C(re,zt) =C(rn-9,zt) = C(rn+e,zt), C(r,¢,z,0) =

Cd (z+L), C(0,p.z8) =0, C(r, @, Z,t)|. =0, T (10,20 = T (o, z) = T (-9, 21) =

oCl(r,p,zt oT(r,p,zt
T (r,TE+([)l,Z,t), (8?‘0 )| = 0, - ﬂ' ( af ) = GT4(R’¢’ Z’t), T (r,(p,Z,O) =
r=R S
=T Tezt) _oTlez) Tezy) =oT'(r,p,-Lt)
B r, aw ‘(p:o a ¢ ‘(ﬂ:zﬂ' ’ 8 Z S , , , , (4)
ov.(r,p,zt) ov. (r,p,zt)
T (0,0,2,t) # o, or =0, or =0, V (10,2t =V (re,zt) =
r=0 r=R

v (nm-,zt) =V (rn+e,zt), v, (r-¢,zt) = v, (ne,zt) = v, (rm-g,zt) = v, (rm+o,,21),

v, (r-0,zt)=v (ho,zt)=v (ht-e,zt) =V (ro+e,zt), v (re,-Lt) =0,v(re,lL,t) =0,

v (0,0,2,t) # oo, v (r,0,-L,t) =V, v (r£d./2,¢,2€[-d,/2,d./2] ,0) = o -z-cos y tg (9,),

v, (r,o,L,t) =0, v(p(O,cp,z,t) # o,V (e,0t) =0, v (re,Lt) =V, v (reLt) =V,

v(0,9,2,t) # o0, v (1,¢,2,0) = 0, v(p(r,(p,z,O) =0,

where ¢ =5,67-10° W-m=K, T isthe room temperature, o isthe frequency of rotation of the substrate.
Equations for components of velocity of flow with account cylindrical system of coordinate could be

written as

v, _ {13{r o Ur(r,(o,z,t)}+i820r(r,go,z,t) qur(r,go,z,t)}_

= +
ot ror or r 0p° 07’

z

dv, v,dv, v 8[Pj

—U - - _ | —
"or r dp “dz or\p (5a)
ov, 10 rﬁ%(f’C”’Z’t) N 1 8zu¢(r,¢,z,t)+820¢(r,¢),z,t)
=V B — _ —
ot ror or r? Gl 57
Jv, v, 0v, Jdv, 10 (P
B PP B I (5b)
ar r Je 2z rop\p
ov,_ 18] dv(rezt)], 18%,(ezt) o%,(ezt)|
ot ror or r? d¢* 072
ov, v,dv, v, 0[P
-y, i —U, ——-| . (5¢)
ar r Je oz 0z\p

We determine sol ution of this system of equations by using of method of averaging of function correc-
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tiond*®22, Framework thisapproach first of all we determinethefirst-order approximation of components
of speed of flow of mixture of gases. To determine the first-order approximation we replace of the re-
quired functionson their averagevauesv —a. , V, 0, V, 0, in theright sides of equations of system
(5). After the replacement and calculation required derivatives we obtain equations for the first-order
approximations of the components

9% __0(P) oY __10(P)Jdv,__0fP
ot or\p) ot rop\p) ot 0z\ p ) (®)

Integration of the left and the right sides on time of the relations (6) gives us possibility to obtain the
first-order approximations of the components of speed of flow in thefinal form

10tP oLtP
=—= " [Zdr v,=——|—dr
ropop 0zZop
The second-order approximations of components of speed of flow could be obtain by replacement of
the required functions on the following sums v —a., +v,, V, 20, + V,, Vo0, Y, The average values
0,1 0L, Oy, BFENOL yet known. Approximations for the components could be written as

oV, 1o0( 0v, 1 0%, 0O%, o(P
— =y | ——| — +—2—2+—2 — | — |~
ot ror\ or r-op” 0z or\ p

- —(a,, +V
or r Zx) iz (82)

t
Vir :_iIEdT Vi 2=
orop

(7)

P

- )~ b
2r i/ or r 0/,(0 2z 1z 5z (8b)

oV, 106( ov,) 10%, ov,| 0[P
— =y | ——| I —= +—2—2+—2 —_— — |~
ot ror\ or r-op° 02z 0z\ p

ov, \a,, +V,)oV, oV,
_(a2r+vlr) é,rlz_( 2<or 140) é,(;Z_(azz'i'Vlz)Of,—zlz. (8c)

Integration of the above equations on time leads to the following result

t 2 2 t
o ovi[tafon), 1oy, o]y afipy )
ofror\ or r-op” 0z or\op
_g(a2r+vlr)ﬁ—:dr_£ : r - O,,l dT—.([(azz—i'Vlz)Of,—;dT, (8d)
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t v, (e, +V,,) 0 V. oV,
_,([(a2r+vlr) rl(pdT .([ 2(pr ﬁéwdﬁ[ I(a +V ) ﬁ;)dz', (86)
t 2 2 t
V,, =V, +Vv | 19 r% +i28_\/1;+8_\/122 dr—i jEdr —
olror\ or r-op” o0z 0z\op
t oV, t(a2¢,+vl¢,)0”vz t oV,
—J;(a2r+V1r)é)—;dT—£ r ﬁ;dr—i(azﬁvlz)a—;dr_ (8f)

Farther we determine average values ., a, , a,,,. The average values have been calculated by the
following relationg &2

1 OR 27 L

n@RZL(IuI)r (j} jL( L —V, )d zdpdrdt

a2r =

1 OR 27 L

= r —V, Jdzdedrdt
%= oreL bl [ v Jzde ©

®OR 27

;
/AC) Rngg £

where O isthe continuance of moving of mixture of gasesthrough considered horizontal reactor. Substitu-
tion of thefirst- and the second-order approximations of the required components of speedinto therelation
(9) give us possibility to obtain system of equations to determine required average values

A, + Blam + Cl(XZz =D,

A, + 82a2¢ +C,a,, =D,

T(v22 -v,)dzdpdrdt

-L

0[22

(10)
Ay, + B3a2¢> +C,a,, = D;

(0] R 27rL0'7V (0] R27 L
WhereA1=1+j(®—t)frf j—lrdZd(Ddl‘dt Blzj(@—t)jff 1rdZd(DdI‘dt
0 o o-L Or ’ 0 00-L P

{1a(avﬂj 1%, 8V;f}dzdcodr(®—

®OR 27 L
- D =v||r
G =G, 2® RZV ££ M or or r8g0 0z

2z

OR27 L
Oy dzdedrdt—|[] jvl(pﬁvlr dzdedr x
ooo-L O

or

R 2n L
—t)dt—%@szvoz—?(@—t)jrj [ v,
0 0 O -L
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2

i

2 L Hy, OR
[ j—dzdgodrdt' B,=1+]]
o L Or 00

-L

L ov,
J‘ 1

dzdpdr (-
[ 75, dzde (

x(©-t)dt, A =i(®—t)zf

© R 27L| 1 O 8V _’]_82 oV, @
D,=v[(®-t)(r 2 |dzdepdrdt—[(@-t
-t)dt, 2. Vg( )£ H{ ar[ 8rj r’ 8(p azz} v i( )

27 L
.f.[vl(p
0-L

Y 47dpdrdt-[(@—1)]
0

-L r 0

oV, T 2on g2
a—god Zd@drdt—g(‘a RZ\/O ' C3:1+

T1%Y% d2d pdr dt
oL@ '

L

+%@2R2\/0A:(j:(®—t)i {)T 1Zdzdgodrdt B, = j(@ t)Zr

© R2aL10( 0OV 1 0%, 0% T ©
D,=v [(@-t)[r 2+ ——24 2 |dzdedrdt-—0°RV, - [(©-
: i( )£ HL 6r[ or ] r? 0¢° 822} v 8 ° i(

27 L

—t)jr”v lzdzdgodrdt—j(@—t)fr

Solution of the above system of equations could be determined by standard approaches®! and could be
written as

aZr:Ar/A’aZIPZA(/’/A’aZZ:AZ/A’ (11)
where A = AL(Bzca - Bscz)_ Bl(AZC3 - A§C2)+ Cl(AZB3 - %Bz)’ Ar = Dl(Bzcs o B3C2)—
o Bl(D2C3 - D3C2)+ Cl(DZ Bs - DsBz)' Aw - Dl(BZCS - B?-CZ)_ Bl(D2C3 o D3C2)+ C1 X
X (DzBa - DsBz)' Az = A&(BzDs o B3D2)_ Bl(AzDs - A3D2)+ D1(A283 - AsBz)'

In this section we obtained components of velocity of stream of mixture of materials in gas phase,
which are used for growth of heterostructure, and gas-carrier in the second-order approximation frame-
work method of averaging of function corrections. Usually the second-order approximation is enough good

approximation to make qualitative analysis of obtained solution and to obtain some quantitative results.
Let usrewrite Egs.(1) and (3) by using cylindrical system of coordinate

C&T(r,go,z,t):lﬁzT(r,go,z,t)JriﬁzT( ro,zt) lﬁzT(r,go,z,t)_
ot or’? > 9¢° 07

Tiv, avlzdzdgodrdt
o1 O

L

_c.aﬁ[v,(r,gp, 24)-C(r, ¢, z,t)-T(r,go,z,t)]—Eai[vw(r,go, 20)-C(r, 0. 2,t).
r rop

-T(r,go,z,t)]—c-%[vz(r,go,z,t)-C(r,go, 20)-T(r.p. 2]+ p(r.p.2.t) )

- Clr,p,zt ,0,Z,1
ot ror or ror rC(r.e 2t (re.2t)]+
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1 8 |.0C(r,e,zt)
+r—2§¢{D 70 } rﬁgo[c re,zt)v,(r, go,zt)] (13)
R jz{o 4 C(;'j’z't)} -2 [elr gzt frp.20)]

In this section we cal cul ate components of speed of gas-reagents, which are used to growth an epitaxial
layer, and gas-carrier as the second-order approximations framework method of averaging of function
corrections. Usually the second-order approximation is enough good approximation to make qualitative
anaysis and obtain some quantitative results. Results of analytical calculation have been checked by
comparison with results of numerical simulation.

To determine spatio-temporal distributions of temperature and concentration of gas mixture we used
method of average of function corrections. To determine the first- order approximations of the required
functions we replace them on their not yet known average values o, and a.,. in right sides of the above
eguations. Farther we used recently considered algorithm to obtain the first-order approximations of tem-
perature and concentration of gas-reagents

T,(r,0,2t)=T +}Mdr %alciév (r,o, z,r)oI
0

0 or

aqa,. LoV, (1., Z,T)d tov,(r,,z,7)
— T—0 dr
r (IJ 5(0 1 1CI 0z , (14)

Cy(r.p,zt)= alT“lc}%dr alCJ‘a[rV(r ®,2, T)]dr—
° r ro or

_ Oy }ﬂv (I’,go,Z,T)dT_a }ﬁvz(r,(o,z,r)dr
ro J¢ s oz

The above not yet known average val ues could be determined by the standard relations
®OR 27 L

r{ (T.(r,p,z7)dzd drdt
G = @WL%Q{_(w r)dzde

1 OR 27 L

——((r [ [Clr,p,z,7)d zd drdt
%= o] [Glezr)dzde 16

Substitution of thefirst-order approximations of temperature and concentration of gas mixter into rela
tions (16) gives usthe following resultg®

1 (€] 27 L ®V
=C,/ L-|1 O-t R p,zt 0
s ey (ORI LICYRES 2|

0

(15)

1 e) R 27 L p(r q),Zt) Co |:®
=T +—[(®-t dzdedrdt {1+ —2—| [(® -t
%r{r+ﬂ®WLy H%I 2dedr +ﬂ®RE£( )%

-L
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xzf Tv,(R,go,z,r)

-L

1 f(@)—t)ﬁﬂ Tvr(r,go,z,r)dzdgodrdtqu\é X
R % 00 2

-L

-1
1 €] 27 L @V
1 O —t R p,zt 0
X{Jr/r@RLg( )£ v.(Re.21) RL} }

-L

The second-order approximations of temperature and concentration of gases- reagents we determine
framework the method of averaging of function correctiond*¢2l, i.e. by replacement of the required func-
tionsinright sides of equations (12) and (13) onthefollowing sums T—a., +T,, C—a,. +C,. Inthiscase
the second-order approximations of the above required functions could be written as

2 2
¢-T,(r,p.2t)= AiﬁT(r’(i’z’T) ﬁiﬁT(r 0,274 l}ﬁTg’ﬁ’z’T)dr+

+i p(r,go, Z,r)dr —C-%i{vr (r,go, Z,r)- [szc +C1(r,g0,z,r)]- [ocZT +Tl(r,g0, Z,z')]}dz' +

+T, __a_I{ (r’(P’Z’T)'[azc +C1(r’(P’Z’T)]'[O‘2T +T1(r’§0’z17)]}d7_
®o

0!
_C'Eg{vr (r1¢’1 Z’T)' [azc + Cl(r,(o,z,r)]- [aZT +T1(r’¢” Z’T)Bdf, (17)

t t t
C (r ga,zt) 17 [r DO”Cl(r’(D’Z’T)dzw-i2 ﬁ Dacl(r’¢’z’r)dr+ J [D x
roro or r“-odeo op 0Zo

y é’Cl(;;D’ 27)y, —Fz{ri[azc+C1(r,(p, 220,z T)df}—lo%gv (r.p.2.7)

-[azc +C1(r,g0,z,r)] dT_E!,[“ZC +C,(r, o, Z,z')]-vz(r,go, z,7)dr+C,5(z+ L)_ (18)

Averages values of the second-order approximations of temperature and concentration of mixture o,
and o.,.. have been calculated by using the following standard relations
1 ®OR 2z L

a —[r T,-T,)d zd drdt
T 1OR? LM H( y 4
L 90T f(c,-c)dzdpdrdt
r Z r
%= or )i 4 19

Substitution of the first- and the second-order approximations of temperature and concentration of
mixture into relations (19) gives us possibility to obtain equations to determine required average values

o, —[%y(@ t)f n ‘R, z,t)d zdgodt—j(G)—t)Zjﬂ (R, zt)d zdpdtx

i i 2z L
O—t)[ [T(0.0.zt)dzdwdt - [(®—t R, zt
T ORL Cn®R2L£( )£, JL {0,p,2t)dzdg J)( ){)_JLVr( 0,7,t)x
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_‘]_ e}
X {[GZC+C1(R’g0’Z’t)]Tl(R’gD’Z’t)_ lT 1C}dZd¢dtjz_® RL ]Z'@ RZ .(';( )
R27 L V
x| | er(r,go, Zif){Tl(r’q”Z’t)[O‘zc +C1(r1§0’ Z’t)] alTalc}d ngordl’dt——zx
00-L T7O®RL

N

T

® R 1
X I(® —'[)II’ | [(azc + Co)'Tl(r’Q’ L’t)_alTalc]d(Dd r dt{l"'
0 0 0 TO®RL

2

£

Tvr (R, zt)x
L

!

<l + R, 20]d 2dp(O -t dt-— o f(©-1)r |

L
R°L o I[azc + Cl(r,(D,Z,t)]x

-L

1
v.(rp.2,7)dzd pdr dt+ 2V, (a +co)%} |

TORL ) 0z 0z

o - 1 I( )TerfD oC(rp.zt)  2C(rp.z7) dodrdt
0 0 ‘Z:L z=—L
1 2z

Wg((a t)'c[) .TL{r[azc_alc+C1(Rs§0sZ,T)]'Vr(R,gD,Z,T)}dqu)dt—

V 0 R 2n
_WoRzL'g(@_t)'(’;r O((XZC — O +C0)d Zd@drdt

DISCUSSION

In this section we analyzed dynamics of mass and heat transport during growth of filmsin reactorsfor
gas phase epitaxy to determine conditionsfor improvement of growth of epitaxial layers. Figure 2ashows
dependence of concentration of material of epitaxial layer on frequency of rotation of substrate o in a
horizontal reactor (curve 2) in comparison with analogous dependence for vertical reactor (curve 1).
Curve 3 on Figure 2a corresponds to average value of sloping angle (i.e. v = 45°) of keeper of substratein
comparison with direction of flow gazes. Figure 2b shows comparison of frequency dependences of con-
centration of gas-reagents at atmospheric pressure and smaller in ten times pressure (curves 1 and 2,
respectively). Figure 3a shows dependences of concentration of materials of epitaxial layer on diffusion
coefficient D in vertical and horizontal reactors (curves 1 and 2, respectively). Curve 3 on Figure 2a
corresponds to average value of sloping angle (i.e. y = 45°) of keeper of substrate in comparison with
direction of flow gazes. Figure 3b shows comparison of dependences of concentration of gas-reagentson
diffusion coefficient at atmospheric pressure and smaller in ten times pressure (curves 1 and 2, respec-
tively). Increasing of diffusion coefficient leads to increasing of speed of flow of gases. In this situation
one can find decreasing growth rate of epitaxia layers. Value of dopant diffusion coefficient could be
increased by increasing of temperature of growth. Dependences of concentration of gases-reagents on
kinematical viscosity v are presented on Figure 4a for vertical and horizontal reactors (curves 1 and 2,

——  Paloricly Science
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Figure 2a : Dependence of concentration of mixture of
gases on frequency of rotation of substrate . curve 1
corresponds to vertical reactor, curve 2 corresponds to
horizontal reactor, curve 3 corresponds to average value
of sloping angle (i.e. y = 45°) of keeper of substrate in
comparison with direction of flow gazes
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Figure 2b : Dependence of concentration of mixture of
gases on frequency of rotation of substrate @, curve 1
corresponds to atmospheric pressure, curve 2 corre-
sponds to smaller pressure

respectively). Curve 3 on Figure 4a corresponds to
average value of sloping angle (i.e. y = 45°) of
keeper of substrate in comparison with direction of
flow gazes. The Figure 4b shows comparison of de-
pendences of concentration of gas-reagentson kine-
matical viscosity at atmospheric pressure and
smaller in ten times pressure (curves 1 and 2, re-
spectively). Reason of decreasing of concentration
of gas-reagents with increasing of kinematical vis-
cosity is decreasing of speed of transport of the
gases. Dependences of concentration of gas-reagents
on speed of flow on inlet of reaction zone V, are
shown on Figure 5a for vertical and horizontal re-

Figure 3a : Dependence of concentration of mixture of
gases on diffusion coefficient D. Curve 1 corresponds to
vertical reactor. Curve 2 corresponds to horizontal re-
actor. Curve 3 corresponds to average value of sloping
angle (i.e. y = 45°) of keeper of substrate in comparison
with direction of flow gazes

1.0 5

C/C,

0.1 5

2

0.0 ————r —

0 1 10
D. cm¥s
Figure 3b : Dependence of concentration of mixture of
gases on diffusion coefficient D. Curve 1 corresponds to
atmospheric pressure. Curve 2 corresponds to smaller
pressure

actors (curves 1 and 2, respectively). Curve 3 on
Figure 5a corresponds to average value of sloping
angle (i.e. y = 45°) of keeper of substrate in com-
parison with direction of flow gazes. The Figure 5b
shows comparison of dependences of concentration
of gas-reagents on speed of flow oninlet of reaction
zone at atmospheric pressure and smaller intentimes
pressure (curves 1 and 2, respectively). Changing
of angle y leadsto negligible quantitative changing
of dependencesof concentration of gas- reagentswith
the same qualitative structure of curves.

It is known (see, for example,'?¥), that increas-
ing of temperature of reaction zone leads to
activization of chemical reaction during growth of
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Figure 4a : Dependence of concentration of mixture of
gases on viscosity v. Curve 1 corresponds to vertical re-
actor. Curve 2 corresponds to horizontal reactor. Curve
3 corresponds to average value of sloping angle (i.e. v =
45°) of keeper of substrate in comparison with direc-
tion of flow gazes
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Figure 4b : Dependence of concentration of mixture of
gases on viscosity v. Curve 1 corresponds to atmospheric
pressure, curve 2 corresponds to smaller pressure

epitaxial layer. In this situation growth rate of the
epitaxial layer increases. At the same time surficial
diffusion of material of epitaxial layer accelerates.
In this situation homogeneity of surface of the epi-
taxial layer increases. However one can find losing
of heat during convective heat exchange from sur-
face of the system keeper of substrate - substrateel.
To compensate the losing it is attracting an interest
choosing of power of induction heating of reaction
zone. In this situation relaxation time of heating 9
could be estimated framework recently introduced
approachi®! and approximately equal 3 ~(6n -1)R%
24).,, where )., isthe average value of heat conduc-
tion coefficient. For stationary regime of heating
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Figure 5a : Dependence of concentration of mixture of
gases on inlet velocity V, curve 1 corresponds to verti-
cal reactor. curve 2 corresponds to horizontal reactor.
curve 3 corresponds to average value of sloping angle
(i.e.y = 45°) of keeper of substrate in comparison with
direction of flow gazes
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Figure 5b : Dependence of concentration of mixture of
gases on inlet velocity V, curve 1 corresponds to atmo-
spheric pressure, curve 2 corresponds to smaller pres-
sure

power of induction heating to compensate | osing of
heat convective heat exchange could be estimated
by using the following relation:

R

[r-p(r,p,zt)dr =

0

O 'T4(R!§05 Z!t)+ @ 'VZ(R’w’ Z’t)/4ﬂ LRZ@
CONCLUSION

In this paper we analyzed dynamics of massand
heat transport in reactorsfor gas phase epitaxy. Are
have been formulated several recommendations to
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improve properties of epitaxial layers for vertical
and horizontal reactors and reactors with spooled
keepers of substrates.
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