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CONCERNING THE PRODUCTION OF SINGLE CRYSTALS OF GERMANIUM-SILICON ALLOYS 

[This is a translation of an article written by I. 
Ni Beolkürova, M, G. Kekua, D A Petrov, A. D* 
SuchkOva> in la Ak Nauk SSSR, Otdel. Tekh Nauk, 
Metallurgiya i Toplivo (News of the Academy of 
Sciences USSR, Department of Technical Sciences, 
Metallurgy and Fuel), No 1, Moscow, pages 9-32*] 

The development of new fields of modem technology such as 
automation, radio-electronics and telemechanics depends a great 
deal on the production of semiconductor materials and on their 

properties. 
Among semiconductor materials of special importance are 

alloys of the well-known semiconductors germanium and silicon. 
Continuous variation in the width of the forbidden zone 

[1, 2], carrier mobility, resistance to thermal effects, etc., 
make it possible, by constructing certain instruments, to choose 
material with the necessary properties combining the advantages 
of silicon with those of germanium. 

In connection with the above there is the very important 
problem of obtaining and studying monocrystals of germanium- 
silicon solid solutions. 

The well-known method of growing crystals consists of 
pulling them out of a melt by means of a seed. This method had 
been successfully employed with germanium and silicon. However 
for growing monocrystals from a solid solution it is necessary 
to make essential modifications in view of the difficulty of 
obtaining homogeneous crystals [3]. 

The literature is lacking in information on methods for 
obtaining monocrystals from gernjanium-gilicon solid solutions. 

Davis and De Mars [h]  obtained large-crystal ingots of 
alloys of widely varied composition by slow cooling of the melt 
at a rate of 2° per hour. 

B. P. Mitrenin and N. Ye.* Troshin [5] pointed out that they 
succeeded in obtaining homogeneous large-crystal ingots of alloy 
by zone melting. 

Two methods are described below which we investigated in 
order to obtain monocrystals from a germanium-silicon melt» One 
of them is similar to the Davis method. The other one uses the 
principle of continuous feeding of the melt [6], 

In order to carry out the experiments the authors of the 
present work were supplied with especially constructed equipment 



(Pig» i and 2). 
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Veen» «**»*» for pnAne mx&*to <* Ge«Si alloy using eon- 
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Pig. 2. 
Vacuum apparatus for growing monocrystals of Ge-Si alloy 
with continuous feeding of the melt, (open view) 

Q&ble 1 gives the results of investigation of three monocrystals, 

SSable 1 
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cry st&is 
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at. Kjectr. 
Resist. 
ohm cm 

1 6 
'i 3.5 
3 1.5 
't 0.5 

i i.f» 
"> a.» 
3 0.7 
'i O.fi 
t> 0.3 

1 «4 
V 8 
3 3 

1    ■'»    < 1  1 

10.5 

r>.4 
1.9 

9.0 
8.0 
4.7 
3.1 
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2.8 
1.1 
it.7 
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Type of    { reverS6 
conduct-   I voltage. 
ivity        I v 

n 
rt 
/* 

rt 
a 
n 
n 
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P 
P 
n 
n 

25 

15 

15 

10 

Mobility 
cm/**v sec 

300 

2800 

noo 
uooo 
2360 
33(H) 
3'JOO 

Silicon 
ccitetit 
in the    • 
melt 

3 ax. 

0,7") 3T. % 

* Starting material was low quality« 



Fig» 3» 
Monocrystals of geimniua-silieori alloy grown by the slow 
cooling method? a - outer view of monoorystai l;b- outer 
vjew of mono-crystal k;  the sharply defined geometrical 
form of a hexahedron is visible on the grown crysxaxj 
c - outer view of aonocrystai 5» 

Fig. k, 
Lauergrcun of sample 1 

Fig • j* 

■onocrystals grown by continuous feeding of the melt- in the direction 
if axial growth  (ill) 

_     ^     _ 
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Fig. 6 
lauergram taten from the seed on the surface of pulling of mono- 
crystal öl 

Kg. 7. 
Lauergraa taken at the end of monocrystal 81 

5 



As is apparent from the table above, monoerystals obtained 
bv slow cooling are non-honogeneous in composition; a gradient can 
be observed in the distribution of silicon and in the electrical resis- 

tivity from the upper part to the lower, 
' A sham decrease is also observable in the variation oi 

minority carrier mobility, which regularly corresponds to a change 
in the distribution of silicon along the length of the monoerystals, 

w 70    W   40    10 

length ism 

to  ro 

Fig, 8. 
Curves of the variation of specific resistivity in ohm 

cm. along the length of the moaocrystals obtained by con- 
tinuous feeding of the rselt. 

A tnethod for nulling crystals of a solid solution by feeding 
the wit« Mcnocrystals of a solid solution of germanium and silicon 
were obtained by this method in the vacuum apparatus shown in üig.JL. 
n^e nein body of the apparatus is enclosed in a water cooled cylinder 
upon which is placed the upper part of the apparatus that contains 
the revolving and vertical movement mechanisms. In Fig. £ the inner 
construction of the apparatus is visible, A graphite heater, into 
which the quarts crucible is placed, is connected to the copper 
cjaaps of a current-carrying electrode. 

She upper part is shown separately, with two rods. One of than 
carries the feeding ingot and the other carries the rnonocrystalline 

In the lower part of the operating body is nounted the 
Kechanisa for rotating and moving the crucible up and down, A vacuum 
of the order of 10"4EET'. of mercury is naiatained in the working 
chamber. The temperature is regulated manually. In. order to 
avoid v-Lhrationai" strains in the lattice, ferro-resonating 
stabilizers are included in the electrical circuitry of the apparatus. 

Polycrystalline ingots which contained an even distribution 
of silicon along their length were used to feed the melt. The 
ingots were prepared by casting the melt in quarts tubes in an 
argon atmosphere« 

Die composition of the feed ingot corresponded to that of the 
pulled monocrystal. Feeding of the melt began soon after pulling 
beg*n, when the length of the pulled monocrystal reached 3-5 am. 

aae pulling temperature was maintained such that the diameter 
of the crystal grown was equal to that of the feed ingot. By 
having identical diameters in the grown and the feed ingots the 



rate of their oppositely directed movement was kept constant, equal 
to 1.7 mm/min. The rate of seed rotation «as five revolutions/«in 
and the crucible rate was 10 revolutions/nun. 

Bv the method described, 10 monoerystaliine ingoxs of germs- 
niupi-ötllcon alloy were obtained with an even silicon distribution. 

The characteristics of the saisples obtained are snown in 

Table 2. 

Sable £♦ 

Sampler at, 
% 

Nr Si 

.">! > 0.70 
r»:* 2.(10 
72 0.75 
81 i.OU 
!»1 ' 0.75 
03 1.IKI 

Type of 
conduct- 
ivity 

Resis- 
tivity 
ohm cm 

/' 
P 
P 
P 
P 

:*.■'.-:$. 7 

t. i r> 
54 — 58 

22-23 

Lifetime 
in 
mierosec 

4o--(>r> 

Peak 
reverse 
voltage, 
V 

,•50-45 
/«O-fiO 
15-18 
70-~<>o 

In Fig, 5 monocrystals are shown which have been grown with 
an axial growth orientation of [111]. In Fig. 6 and 7 Iauergrasis 
are shown that were taken froai the seed and the crystal. TSas  elec- 
trical resistivity along the length /varied on the average between 
the limits of 6-8 percent and along the cross-section it remained 
■practically constant« 

In alloys containing silicon up to 2 at .percent the specific 
resistivity increases sharply in comparison to that of the starting 
material. She lifetime of the minority carriers is 2-3 tinses 
lower than in the original gensaninm and **~5 tiaoes hi^ier than in 
the original silicon. 

Conclusions 

1, The conditions for obtaining monoerystaliine germanium- 
silicon ingots by stationary slow cooling were studied. Mono- 
crystals obtained by this method, using a cooling speed of 1.5° per 
hour, have a sharply defined gradient in distribution of silicon 
and electrical resistivity« 

2» A method was worked out for obtaining homogeneous 
germanium-silicon alloy monocrystals by using continuous feeding 
of the melt during crystal growth. Monocrystals were obtained by 
this method with an even distribution of silicon and with the same 
electrical resistivity in the cross-section as in the length. 
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