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THE DISTRIBUTION OF INDIUM IMPURITY IN THE Ge-Si HOMOGENEOUS CRYSTALS
OF THE SOLID SOLUTIONS, GROWN UP BY BRIDGMAN METHOD IN THE MODE OF
THE CONTINUOUS REPLENISHMENT OF THE MELT BY THE SILICON
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The problem of the distribution of the indium impurity in the homogeneous single crystals Ge-Si, grown up by Bridgman method with
the use of the fuse and feeding ingot of the silicon has been solved in Pfann approximation. The concentrational profiles of the indium
impurity along the crystallization axis of ingots with the different compositions, demonstrating the considerable influence of the change of
the melt volume on these characteristics, connected with replenishment of the melt and dependence of the segregation coefficient of the

impurity on the crystal composition.

The actuality of the investigations, directed on the study
of the impurity centers in the semiconductors is defined by
the fact, that work of the numerous devices, lying in the base
of the modern micro-optoelectronics, is defined in many
cases by the impurities of the different types, introduced into
the crystal. The indium is the one of the most usable impurity
for the doping of the crystals of the silicon, germanium and
their solid solutions. Because of the big enough solubility and
small activation energy the indium impurity defines the
electronic properties of these semiconductors in the wide
interval of the temperatures [1,2]. The balanced segregation
coefficient of indium impurity is K;=0,0004 in Si and
K, =0,001 in Ge at the melting temperature of the silicon and
germanium [3-5]. The small values of K}, in Si and Ge lead to
the significant axial gradient of the impurity gradient in the
semiconductor, grown up from the melt by the traditional
methods of Bridgman or Chokhralsky. The questions,
connected with the regularities of the distribution of the
impurity centers in the simple semiconductors, doped in the
process of the growing up from the melt, have been solved in
the different approximations enough totally [1,4].
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Fig.1. The schematic image of the growth of the homogeneous
Ge-Si single crystal with indium impurity by the
modernized Bridgman method.

The aim of the present paper is the solution of the task of
the distribution of the indium impurity in the homogeneous
crystals of the solid solutions Ge-Si, grown up by the
modernized method of Bridgman in the mode of the constant
replenishment of the melt by the silicon with taking under the
consideration of the dependence of the distribution
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coefficient on the composition of the growing crystal. The
task was solving in Pfann approximation and in the
frameworks of the model of the virtual crystal for the solid
solutions.

The scheme put in the base of the mathematic modeling
of the concentration profile of the indium impurity in Ge-Si
ingot, grown up in the mode, supplying the homogeneity of
the distribution of the matrix atoms in the crystals is given on
the fig.1. Initially, the feeding rod of silicon is contacted with
the melt surface after the melting of the charging under the
fuse from Ge, Si and In impurities with the corresponding
ratio of the components and establishment of the temperature
of the liquids of the given composition. Further, when the
stabilized time is up, the mechanisms of the crystal drawing
out and putting of the replenishment in the melt are engaged
simultaneously. The growth of the homogeneous crystal with
the given ratio of the concentrations of Ge and Si atoms is
carried out by the way of the maintenance of the achieved
temperature on the crystallization front because of the
balancing of the melt composition by the corresponding ratio
of the velocities of its crystallization and feeding. In this case
the following ratio is correct [6-8]:
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Here C;" and C." are concentrations of the silicon in

the melt and growing up homogeneous crystal
correspondingly; « is the ratio of the volume of the feeding
of the ingot of the silicon, entered into melt to the volume of
the crystallizing melt in time unit; Kg is segregation
coefficient of silicon in the given composition. The equation
(1) gives the possibility to define the value of « for any given

si si . ‘
C;" or C.'. Moreover, the corresponding value of Kg; is

calculated from the phase diagram of the system state Ge-Si
[1]. The dependence K on the composition of the growing
crystal, calculated by such way, is presented on the fig.2.

The task of the distribution of the indium impurity in Ge-
Si crystals was solved under the following conditions: the
crystallization front is plane; the equilibrium between solid
and liquid phases exists on the crystallization front; the
diffusion of indium impurity and convection in the melt
supply the homogeneity of the liquid phase on all volume; the
diffusion of the impurity atoms in the solid phase is
approximately small. It is noted, that these conditions are
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realized at the growth velocities of crystal, which are less
than 1x10°m/c [6].
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Fig.2. The dependence of the equilibrium segregation coefficient
of silicon on the composition of the solid phase of Ge-Si
system, calculated from phase state diagram [1].

Let’s introduce the following designations: VZO, V, are

volumes of the melt in the crucible in the initial and current
moments of time; V,, V; are the volumes of the crystallizing

melt and dissolving silicon rod in time unit; C,, ,, C, , are

concentrations of indium impurities in the melt in the initial
and current moments on time; Cj, is concentration of
indium impurities in the solid phase; C is common quantity
of indium atoms in the melt; K}, = Cj,; /Cy,; is equilibrium
segregation coefficient of indium; # is time.

We have with the above mentioned designations:

)
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Taking into the consideration, that V., and Vs don’t
depend on time in the considerable period, we have:

V=V =V =V,

Vi=V +V,and C=—V.C

K
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Substituting the data (2) in (1), after the separation of
variables and integration, we find

atlV, - V)
V.=V o dC,,, — t VIO 4)
V.=V.K, =V s, C[n,l 0]— (Vc — Vt)t
Vlo

Introducing designations V, /V, = a; Vct/ Ve =y

in (3) after integration, we obtain:

(K, +a-1)

Cp.=Co K, =Co K, [I-y(1-a)] 1-0 .(5)
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The equation (5) gives possibility to define the
concentration of indium impurity in the dependence on ¥,
i.e. on crystal length at the known values K;, and a. The

coefficient of the separation of Kj, impurity in Ge-Si crystal
with given composition can be defined in the limits of the
model of virtual crystal for the solid solutions on the known
data K, in germanium and silicon, taking under the
consideration, that K, depends linearly on the silicon
concentration in the crystal. The experimental data of the ref
[3] on the definition Kj, in the one of the compositions Ge-
Si prove the correctness of the mentioned by us

approximation. The value V, / V. = a; in the equation (5),

is defined from the condition of the growth totally
homogeneous crystals of the solid solutions Ge-Si with the
help of the equation (1).

The fig.3 illustrates the calculated curves of the
concentration profile of indium impurity along Ge-Si crystals
with silicon content 5, 10, 20, 40 and 80 at.% Si, calculated
from the equation (5) with the use of the corresponding
values « and Kg; on data (1) and fig.2. For all crystals the
initial concentration of the impurity in the melt is equal to

C;)n,lzlxlolxcma.
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Fig.3. The dependences of the concentration of the indium
impurity on y in homogeneous Ge-Si crystals,
grown up by modernized Bridgman method with the use
of the feeding silicon ingot. The curves 1,2, 3,4 and 5
are related to the crystals with the silicon content 5, 10,
20, 40 and 80 at.% correspondingly.

As it is seen from the fig.3, the velocity of the
concentration growth of the impurity on the crystal length
decreases with the increase of the silicon content in matrix.
Such behavior is explained by the decrease of the segregation
coefficient of indium with increase of silicon concentration in
melt from one side, and with the increase of the melt volume,
caused by its constant feeding from another side. It is need to
pay attention on the practical constant of impurity
concentration in enough extensive region in melts with big
content of silicon. Such distribution character opens the
possibility of the Ge-Si crystal obtaining with practically
equal concentrational profile of indium impurity.

On the base of the above mentioned material, it is
possible to make following conclusion. The dependence of
segregation coefficient of the impurity on Ge-Si composition
and change of the melt volume, connected with its feeding
significantly influences on the velocity change of the
concentration of the indium impurity along crystallization
axis in homogeneous single crystals of the solid solutions Ge-
Si, grown up by Bridgman method on the fuse with the given
composition in the mode of the constant feeding of the melt
by the second component.
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Si-LA KOSIRSIZ QIDALANAN ORINTIDON MODERNLOSMIS BRIDJMAN USULU iLO ALINAN
BiRCIiNSLI Ge-Si KRISTALLARINDA iNDiUM ASQARININ PAYLANMASI

Pfann yaxinlasmasi ¢or¢ivasinde modernizo edilmis Bridjman tisulu ilo orintini kosirsiz Si ilo qidalandirma rejiminds alinan
bircinsli Ge-Si kristallarinda indium asqarinin paylanma masalasi nazori hoall edilib. Asqarin seqreqasiya amsalinin Ge-Si kristalinin
torkibindon asililig1 vo srintinin qidalandirma naticasinds dayisilon hacmi agqarin kristal boyunca konsentrasiyasina shamiyyatli tosiri
gostarilib.

B.K. KSI3MUMOBA, 3.M. 3EfIHAJIOB, T.X. A’KJIAPOB

PACHPEJEJEHUE TIPUMECHU UHAWUSA B OJHOPOJHbBIX KPUCTAJIJIAX TBEPI[E;IX PACTBOPOB
Ge-Si, BBIPAIIEHHBIX METOAOM BPU/K/IMEHA B PEXKUME HEITPEPBIBHOU INOANIMTKH
PACIIVIABA KPEMHHUEM

B ndanHOoBckOM npHONMKEHUH pelleHa 3a/1a4a pacipeiesieHus TPUMeCH NHIUS B OJJHOPOJIHBIX MOHOKpHcTayuax Ge-Si,
BBIPAIIEHHBIX METOJOM bpumxmeHa ¢ HCIONB30BaHMEM 3aTPaBKM M MOJNUTHIBAIOILErO CIUTKa KkpeMHus. I[locTpoeHsl
KOHLIEHTPALMOHHbIE TMPOQWIN TNPUMECH HWHAMS BAOIb OCH KPHUCTAUIM3AIMK  CIMTKOB  PAa3IMYHOTO  COCTaBa,
JEMOHCTPHUPYIOIINE CYIIECTBEHHOE BIMSHHE HAa 3TH XapaKTEPUCTUKH H3MEHEHHs 00bEéMa paciiaBa, CBS3aHHOTO C €ro
TIOJIUTKON ¥ 3aBUCUMOCTH KO3 (HIIMEHTa CeTperanuy NPpIMEcH 0T KOMIIO3UIIMN KpUCTaIIA.
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