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AXIAL Ga- IMPURITY DISTRIBUTION IN Ge-Si, SOLID SOLUTIONS, GROWN
BY THE MODERNIZED BRIDGMEN METHOD

L.A. GUBATOVA, G.H. AIDAROV
Institute of Physics of National Academy of Sciences of Azerbaijan, Az-1143, H. Javid av., 33

Z.M. ZEYNALOV
Ganja State University, Ganja, Azerbaijan

The problem of the distribution of the gallium impurity in the Ge-Si crystals, grown on the germanium fuse by Bridgmen method with
the use of the feeding silicon rod has been solved in the Pfann approximation. It is shown, that the dependence of the impurity segregation
coefficient on the composition of the solid solution Ge-Si and the change of the melt volume, connecting with its feeding influences
significantly on the longitudinal concentration of the gallium in the crystal.

The work of the numerous semiconductor devices, lying
in the base of the modern micro- and optoelectronics, in
many cases is defined by the impurities of the different types,
incalcated in the crystal. Among semiconductor materials,
widely used practically, the cremnium and germanium have
the leading positions. Among the chemical elements, used at
the doping of these semiconductors, the elements of the Il
and V group of the periodical system have the important
places. Having the small enough ionization energy in the
crystals Si and Ge, these elements define the electric
properties of the matrix in the wide temperature interval [1].
Among the elements of the 11l group, the gallium impurity is
the most frequently used for the doping of the cremnium and
germanium, because of the big solubility (~10*°cm™) and the
small diffusion coefficient [2]. Situating in the crystal lattice
points, the gallium behaves itself as the small acceptor
impurity with the activation energy 72 and 10, 97 meV in the
Si and Ge correspondingly.
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Fig.1. The calculate dependences of the cremnium concentration
along three ingots Ge-Si, grown in two modes for the
obtaining of the crystals with the cremnium concentration
in the homogeneous part -10, 20 and 30 at.%. Itis accepted in
calculations, that melt height in the initial position is equal
to 100mm, and temperature gradient in the band of the
buffer crystal corresponds 50° C/cm [5].

The one of the important questions in the investigation of
the impurity centers in the semiconductors is the impurity
distribution along the crystal length, connected with the
segregation of the doping element. The gallium equilibrium
segregation coefficient at the crystallization temperature Si
and Ge is equal to K=0,008 and 0,087 correspondingly [3].
Such small K values lead to the significant concentration
gradient of the gallium along the crystal lengths of cremnium
and germanium, grown by the traditional Bridgmen method.
In the present paper in the Pfann approximation and in the
frameworks of the virtual crystal model for the solid
solutions, the problem of the Ga - impurity distribution in the

crystals Ge-Si, grown on the germanium fuse by Bridgmen
method with the use of the feeding cremnium ingot has been
solved [4,5]. The crystals Ge-Si, grown up by this method, in
the initial region have the variable composition with the
growing cremnium concentration on the ingot length. Further
the crystal composition stays unchangeable because of the
constant balance of the melt composition by the
corresponding of the velocities of its crystallization and
feeding. The fig.1 shows the calculation dependences of the
cremnium concentration along three ingots Ge-Si, taken from
[5], grown up in the modes, corresponding to the crystal
obtaining with the cremnium concentration in the
homogeneous part - 10, 20 and 30 at.%. In the calculations it
was taking under the consideration, that the melt height in the
initial position was equal to 100 mm, and temperature
gradient in the growth band of the buffer crystal with the
flexible composition was equal to 50°C/cm. The initial part
of the curves with the variable composition on the fig.1
corresponds to the first step of the crystal growth. The plateau
corresponds to the second step of the crystal growth with the
given homogeneous composition.

The problem of the gallium impurity distribution in the
crystal, grown by this method was solved at the carrying out
of the following standard conditions [2,6]: the crystallization
front is plain; there is the equilibrium between solid and
liquid phases on the crystallization front; the diffusion of the
gallium impurity and the convention in the melt cause the
homogeneous of the liquid phase on the all volume; the
diffusion of Ga atoms in the solid phase is neglible small. It
is need to note, that for the system Ge-Si these conditions are
carried out practically at the velocities of crystal growth less,
than 1-10°°m/s [3,6].

Let’s introduce the following denotations: V,0 , V| are melt

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

. . . . . 0
deliquescent cremnium rod in time unit; C,, C; are

concentrations of Ga impurities in the melt in the initial and
current moments; Cg, is the concentration of Ga impurity in
the crystal; C is the general quantity of Ga impurity in the
melt; K=Cg,/C, is the equilibrium segregation coefficient of
Ga in the current moment; t is time.

On the first step of the growth of the buffer crystal with
the flexible composition with the accepted above mentioned
denotations, we have:

>V,-V1 C C-V
C.zg and dC.ZC ) 1 C:C 1C,
Vv, dt Vv, Vv,
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According to the task condition, we consider, that in the
considered period V. and Vs don’t depend on time. Then,
taking into consideration that Cgs=C,K we have:

V, V2 -V, -V, ), Vi=-V, 4V, and C=-V.C,K
2)

In the limits of the model of the virtual crystal we
consider, that gallium segregation coefficient depends on the
cremnium concentration in the crystal nonlinearly. The linear
character of the change of the cremnium concentration in the
band of the buffer crystal with the variable composition
(fig.1) means, that on this step, in the considered

approximation, K will depend on t linearly. Replacing K in |

Cea =CK = C,OK[l—]/(l—a)

The equation (4) defines the dependence of the gallium
impurity concentration on the length of the buffer crystal I,
taking under the consideration the fact, that

y=VCt/V|0=I/L, where L is the height of the melt in the

beginning of crystallization.

On the second step of the Ge-Si crystal growth (fig.1)
with the homogeneous composition the segregation
coefficient of gallium impurity stays unchangeable and is
equal to K for the corresponding melt composition. Changing
in (4) Ko=K for this case we have:

(1-K-a)
(1-a)

Cea =CK = C,OK[l— 7(1_05)]7 ®)

The fig.2, for example, demonstrates the concentration
profiles of Ga impurity along three ingots Ge-Si, grown up in
the above described technological modes, data of which on
the longitudinal composition are given on the fig.1. For the
comparison, the dependence for the germanium, grown by
the traditional Bridgmen method, is given in fig. 2 also. The
following initial data are accepted in the calculations:
C¥=1.10%m?; L=100mm; K=Kq-x(Ko-K,), where K; is the
gallium segregation coefficient in the cremnium; 1z=6.6; 13.2
and 20mm is the length of the buffer crystal in the ingots with
the homogeneous part 10, 20 and 30at.% Si correspondingly;
=0.345, 0.385 and 0.435 in the band of the buffer crystal
and 0.247, 0.167 and 0.087 in the homogeneous part of the
ingots with the composition 10, 20 and 30 at.% Si
correspondingly. It is need to note, that values lg are defined
by the given temperature gradient, diagram of system Ge-Si
state and demanded composition in the homogeneous part of
the crystal. The values of « were calculated on the data of the
ref. [3,4].

As it is seen from the fig.2, the velocity of the impurity
concentration growth along the crystal length significantly
decreases with the increase of the cremnium content in the
matrix and it is caused in the final part of ingots. Such
behavior from one side is explained by the decrease of the
gallium segregation coefficient with the growth of the
cremnium concentration in the melt, and by the increase of
the melt volume, caused by its cremnium feeding from
another side. The initial parts of two curves in the expanded

1

(2) by K=Kg-At (K, is the segregation coefficient of the
impurity in the pure germanium, A is the constant factor) and
substituting it in (1) after the simple transformations and
integration we have:

(Ve VKo =Vsi ) (Ve ~Vsi )+ AV VP

| ncil VIO _(Vc _Vsi ): Ve Vi)’ _ Avct
C ? VlO Vc _VSi
(©)

Introducing following denotes: Vg; V. =a5 V, /v =5;

Vct/V,O =y from (3) after some transformations we have:

(A-Ko—a)(1-a)y+(Ky—K)

|

7(1-a)? (4)

exp(u)
l-«
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scale (fig.2), corresponding to Ge and Geg;Sig are given for
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the visual demonstration of the roles of the given factors on
the gallium concentration in the crystals (fig.3).
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Fig.2. The concentration profiles of Ga impurity along Ga
crystal, grown by traditional Bridgmen method (curve
1) and three ingots Ge-Si, the data on the longitudinal
composition of which are given on the fig.1. In the
calculations it is accepted for all crystals, that

Cj =1-10%%cm™ and L=100mm. The curves 2,3 and 4 refer to

the crystals with the homogeneous part 10, 20 and 30
at.% Si correspondingly.

The data on the germanium crystal, grown up in the same
conditions of the feeding (curve 2), as the Gey7Sigs (curve 3)
are given for the separation of the contribution of the change
of the melt volume, connected with its feeding on the
concentration profile of the gallium impurity. The relative
weak change of the longitudinal impurity concentration in the
germanium crystal, grown with the use of the feeding (curve
2), in the comparison with the same, grown up by the
traditional Bridgmen method (curve 1), connects with the
partial compensation of the melt volume by feeding. In the
case GeySigs (curve 3), in the band of the buffer crystal,
given in the fig.3, the reversible course of the dependence of
the gallium impurity concentration along the ingot length
takes place. Such course is defined by the essential decrease
of the impurity segregation coefficient with the increase of
the longitudinal cremnium concentration in the crystal, which
is dominant influence on Cg, in the comparison with the
influence factor of the decrease of the melt volume.
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"r 1 On the base of the above mentioned data, it is possible to
make the conclusion. In the crystals of the solid solutions,

. 10F 2 grown up by the modernized Bridgmen method with the use
N of the germanium fuse and feeding cremnium rod, the
© dependence of the impurity segregation coefficient on the
% 8} composition Ge-Si and the change of the melt volume,
= 3 connected with its feeding essentially influences on the on the
r velocity of the concentration change of the gallium impurity

6 - . . < . along the crystallization axis. Taking under consideration

0 4 8 12 16 20 these facts is the important condition at the solution of the

problems, connected with the growing of the crystals with the

given concentration profile of the gallium impurity in the
Fig.3. The axial concentration profile of gallium impurity in the  crystals of Ge-Si system.

initial region of Ge crystals ( curves 1,2) and Gey;Sig3 (curve 3).

The curve 1 corresponds to germanium crystals growth by the

traditional Bridgmen method.
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MODERNIZ3 EDILMiS BRIDJMEN USULU iL3 ALINAN Ge-Si BORK MOHLULLARINDA GALLIUM
ASQARININ KRISTALLASMA OXU BOYUNCA PAYLANMASI

Pfann yaxinlagmasi g¢ergivesinde modernize edilmis Bridjmen Usulu ils arintini Si ile gidalandirma rejiminde alinan Ge-Si
kristallarinda Ga asqarinin paylanma masalasi hall edilib. Asqarin seqregasiya amsalinin Ge-Si kristalinin tarkibindan asiliigi ve
arintinin gidalandirma naticasinda dayisilen hacmi Ga asqarinin kristallasma oxu boyunca konsentrasiyasina shamiyyatli tasiri
gostarilib.

JLA. T'y6aToBa, 3.M. 3eiinajos, I'. X. Aknapos

PACHPEJEJEHUE TPUMECH T'AJIIUA BAOJb OCH KPUCTAJUIN3ALIAA TBEPIBIX PACTBOPOB
Ge-Si, BBIPAIIEHHBIX MOJEPHU3UPOBAHHBIM METOJAOM BPUJKMEHA

B nhaHHOBCKOM TIPHOIIKEHUH pellieHa 3aa49a pacipeeeHus MPUMeCH TaTis B KpucTaimiax Ge-Si, BeIpalleHHbIX Ha
TepMaHMEBOM 3aTpaBKe METOAOM bpHkKMeHa C HCIIOIB30BaHMEM MOJIHUTHIBAIONMIETO CTEPKHSA KpemHus. Ilokasano, 4yTo Ha
NPOJOJIbHYI0 KOHIICHTPAIMIO TaUIMs B KPHUCTALIC CYIICCTBCHHOE BJIMSHUE OKAa3bIBAIOT 3aBHCUMOCTH KO3 (UIMEeHTa
cerperaiuy MpUMECH OT cocTaBa TBEpPAOro pacTBopa Ge-Si u n3ameHeHune 00bEMa paciiaBa, CBA3aHHOE C €ro MO IMUTKOM.
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