FIZIKA

2001

CILD VII Nel

DISTRIBUTION OF COMPONENTS IN Si-Ge CRYSTALS GROWN BY ZONE
LEVELLING METHOD

G.Kh. AZHDAROV
Institute of Physics of Academy of Sciences of Azerbaijan,
Baku, G.Javid 33, 370143

A. VARILCHI, T. KUCHUKOMEROGLU, M. ALTUNBASH, A.1. KOBYA
Department of Physics, Faculty of Arts and Sciences, Karadeniz Technical University,
61080-Trabzon, Turkey

A component distribution in Si-Ge bulk crystals grown by zone levelling technique has been analyzed theoretically with a view to esti-
mating operational parameters in preparing mixed crystals with a desired uniform and/or graded composition profiles. A numerical model,
using the equilibrium distribution coefficient defined in the phase diagram, capable of predicting the components redistribution in Si-Ge
crystal at any stage of zone leveling growing is proposed. Compositional profiles of Si-Ge crystals for a number values of operational pa-
rameters, such as molten zone length and a starting ingot composition, are calculated and discussed. It was found that Si concentration profile
in Si-Ge crystal as a function of zone length changes considerably from fully graded to aimost uniform along the growth direction. Obtained
results allow operational parameters in preparing Si-Ge mixed crystal to be estimated.

1. Introduction

During the last few years bulk single crystals of Si-Ge
system have been grown using different methods, including
the zone levelling technique [1-4]. The component distribu-
tions in Si-Ge crystals grown by the Czochralski method
were calculated recently, using a numerical model [5]. A
good agreement with the experimental data was obtained.
The results reported by the authors of [5] show that a compo-
sitional profile in Si-Ge crystals is close to that a completely
mixed melt. '

In the present paper a numerical model has been devel-
oped for the evaluation of the longitudinal components distri-
bution in Si-Ge alloys grown by the zone levelling method.
The calculations are based on the data obtained from the
phase diagram and on a model of a completely mixed melt.
The purpose is the establishing of operational parameters in
preparing Si-Ge crystals with a desired uniform and/or com-
positionally graded profiles.

2. Theoretical Background

A quantitative evaluation of the component distribution in
Si-Ge alloys was carried out under the following standard
assumptions [6]. At the growth front, the crystal and the melt
are in equilibrium. The growth front is always planar. Diffu-
sion in the melt is fast enough that the melt composition is
uniform. Interdiffusion in the solid phase is negligible. An
average composition of the initial Si-Ge polycrystalline ingot
is macroscopically uniform throughout.

Below the following designations are used: V,f and V,
are the initial and current melt volumes in molten zone; V,
and V; the volumes of the melt solidifying and the ingot

solving per unit time; C. , C; and Cy are the Si concentrations
(atomic fractions) in the crystal, initial ingot, and molten

zone, respectively; Cg, is the Si content in the molten zone at

the start of growth; C is the total amount of Si in molten zone;
K is the equilibrium distribution coefficient defined in the

phase diagram; t is time; Land 1 are the lengths of the ingot
and molten zone, respectively.
With the mentioned designations, we have

c - C dC, _ CVy =VaC
v dt v?
and
v, = Vi - (V. - V)t @

Given that V. , V; and 1 are independent of time for the
ingot portion along the length up to the beginning of the tail
molten zone, we have

and

C = -VC, +VC, = V.C,K +V,C: (3

Substituting (3) into (1), separating the variables, and in-
tegrating, we obtain:
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Here z is the length of a growing crystal at the moment ¢t.
To take the integral in (4), one should know K as a function
of C,. fig.1 shows the equilibrium distribution coefficient X
of Si-Ge alloy as a function of the composition defined in the
phase diagram [7]. As follows from fig.1 K depends on melt
composition in complicated manner and can not be approxi-
mated by a simple function. The integral in (4) can be evalu-
ated numerically using K estimated from the continuous cal-
culation of the phase diagram (fig.1).

For the tail portion of the ingot
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v, =V’ - Vt, Vo = -V,
and Cc =-VC,K 5)
Substituting (5) into (1) and integrating, we obtain:
o 0
2 dc \'4
I _0.__’"_ = In __0,__’“_._ 6)
¢ Cn = CaK Vo = Vet

Where Cg is the initial composition of Si in the tail molten
zone, The equation (6) can be rewritten in term of the solidi-

fied melt in the molten zone; y = V_t / VIS
CO
1 p - [ ™
y = - expl - | —&
aCu.K-C,

As in the case of the equation (4) the integral in (7) can be
evaluated numerically and Si profile in the tail portion of the
crystal can be plotted against y.
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Fig.1. Equilibrium distribution coefficient X defined in
the phase diagram [7].

3. Results and Discussion

Composition profile of Si-Ge crystals calculated for four
C; values using the equations (4) and (7) are shown in Fig.2.
Here 1=L/10 is considered. In all cases, the Si content is
maximal at the beginning and then decreases approaching a
uniform composition C.=C;. A uniform composition changes
into a graded at the tail portion of a crystal. The length of this
part for all considered compositions is 1. Here the Si con-
centration decreases during growth approaching zero at the
tail end of the ingot. The length of the compositionaily
graded top part of crystals depends on C; because the segre-
gation coefficient changes with the melt composition. A
compositional gradient in the tail part of crystals decreases as
C; decreases because the length of molten zone is fixed.

As follows from the curves in fig.2, a Si concentration
profile in a crystal can be controlled by varying the molten
zone length. As an example, fig.3 illustrates the calculated Si
concentration profiles in Si-Ge crystals for five 1 values. A
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starting composition of all ingots is Sig20Geggo. For the case
of 1=L (curve 1) a compositional profile of the crystal was
calculated using equation (7) only. In fig.3, the results fur-
nished by the curves demonstrate the efficiency of the opera-
tional parameter I on the components redistribution during
zone levelling growth of Si-Ge. We can see that the length of
compositionally graded and uniform portions of the crystals
in a wide range are defined by the value of molten zone
length.
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Fig.2. Longitudinal Si concentration in Si-Ge crystals grown by
zone levelling method. Molten zone length is 1=L/10.
Starting composition of ingots are (1) C;=80, (2) 40, (3)
20, and (4) 10 at. %Si.
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Fig.3. Longitudinal Si concentration in Si-Ge crystals grown by
zone levelling method from a starting ingot Sig0Geg so-
Molten zone lengths are (1) 1=L, (2) L/2,(3) L/3,(4)
L/5and (5) L/10.

A family of curves in fig.2 and fig.3 shows that a numeri-
cal model can establish operational parameters and optimum

L]



processing conditions in preparing Si-Ge alloys with a de-
sired uniform and/or graded compositions.

4. Conclusion

The composition in Si-Ge alloy grown by the zone level-
ling technique has been analyzed theoretically. A numerical
model capable of predicting the components redistribution in
a crystal at any stage of a zone levelling growing is proposed.
It was found that a composition profile in Si-Ge alloy as a
function of molten zone length changes in a wide range from

fully graded to almost uniform along the growth direction.
Obtained results show that the numerical model can estimate
operational parameters, such as a molten zone length and a
starting ingot composition, in preparing Si-Ge crystals with
desired uniform and/or compositionally graded profiles.
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BRINTI ZOLAQ USULU L9 ALINAN Si-Ge KRISTALLARINDA
KOMPONENTLORIN PAYLANMASI

Bircinsli ve ya deyisen terkibli Si-Ge kristallarimin alinma texnologiyasmnin optimal parametrlorinin miloyyen edilmesi moagsedi
ile igde erinti zolaq iisulu ile alinan bu kristallarda komponentlerin paylanma meselesi analiz edilib. Srinmis zolagin uzunlugu ve
materiahn ilkin terkibi kimi texnoloji parametrlerin miixtalif giymetleri @iglin Si-Ge kristalinda komponentlorin konsentrasiya
profilleri hesablanmis ve miizakire edilmisdir. Srinmis zolagin uzunlugundan asih olaraq tam deyisen terkibli kristallardan texminen
bircinsli materialin alinma imkani gésterilmisdir. Alinan neticeler Si-Ge kristallartnin ahinmas: t¢iin optimal geraiti mileyyen edir.
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PACTIPEAEJIEHUE KOMITOHEHTOB B KPUCTAJLIAX Si-Ge, BBIPALEHHBIX
METOJAOM 30HHOMH ITJIABKU

Tlposen¢H ananus pacnpeneneHus KOMIIOHCHTOB B MACCHBHBIX KpHCTaax Si-Ge, BHIPAIMIEHHEIX METOAOM 30HHOM TAABKH, C HENBIO Oll-
PCACJICHNSA ONEPALMOHHAIX NAPAMETPOB I BLIPALMBAHNA MATEPHANIA C 3a1aHHBIM OJIHOPOMHLIM H/HIH NEPEMEHHEIM KOHLICHTDALMOHHBIM
npoduasMu. Paccuutans u 06CYHACHE! KOHUEHTPALMOHHBIE IPOGUIH KOMIIOHEHTOB B kpuctamnax Si-Ge n1s paJa 3HaYEHHUI OnEpaltHoH-
HBIX NIAPAMETPOB, TAKHX KaK AjMHa Pacn/IaBlcHHOH 30HEI H HCXOLHBIH COCTAB MaTepHana. YCTaHOBNEHO, UYTO KOHUEHTPALMONHbIH npoduie
Si, Brom ocu kpuctantMsauMu caurka Si-Ge, xak QYHKLUMA LIHHBL PacnIaBNeHHOH 30HE! H3MEHAETCH SHAYHTEIBHO OT IIONHOCTHIO NEpe-
MEHHOTO JI0 MOYTH OXHOPOAHOTrO., TIoTydeHHEIe PesyabTarsl ONPENEIAIOT ONTHMATLHEIE ONEPALMOHHEIE napaMeTphl AN BLIPALIHBAKMUS

TBEpABIX pacTBopos Si-Ge.
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