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CONCERNING THE PRODUCTION OF SINGLE CRYSTALS OF GERMANIUM-SILICON ALLOYS

[This is & translation of an article written by I.
N. Beolkurova, M. G. Kekua, D A Petrov, A. D,
Suchkova, in Iz Ak Neuk SSSR, Otdel., Tekh Nauk,
Metallirgiya 1 Toplivo (News of the Academy of
Sciences USSR, Department of Technical Sciences,
Metallurgy and Fuel), No 1, Moscow, pages 9-12,1

The development of new fields of modern téchnology such as
sutomation, radio-electronics and telemechanics depends a great
deal on the production of semiconductor meterials 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 t0 thermel effects, etc.,
make it possible, by constructing certain instrusents, to choose
material with the necessary properties combining the advantages
of silicon with those of germanium.

In connection with thé 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 & seed. This method had
been successfully employed with germanium and silicon. However
for growing monocrystals from'a solid solution it 1s 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 germenium-gilicon solid solutions.

Devis and De Mars [4] obtained lzrge-crystal ingots of
alloys of widely varied composition by slow cooling of the melt
at a rate of 2° per hour. o

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 monccrystals from a germenium-silicon melt. One
of them is similar to the Devis method. The other one uses the
principle of continuous feeding of the melt [61.

Tn order to carry out the experiments the authors of the
present work were supplied with especially constructed equipment
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“(Fig. 1 end 2).

Eigq 1.
Vvoeumn spperatns for growing nopocrystels of Ge-51 allioy using oou-
tirpous Preding of the mell. {in c:zpm:'amcm}

Toe method of slow cocling of the melt. The prepaved ingot
of walh of necessary compositlon was melted Ltn sn evacusted gusrts
tibe located fn & 2131t plh furmece of the ShP-I type. Crystal
growth was aided by o tenperature gradisat of the order of 20°C in
£ he tube, from the lowest tamperatize at its wWper reglon to the
bighest tempersiure at ite lower region. ‘The terperatiure Wis
seabrolied by weans of two themocouples whose jusctions were
iomabked at the ends of the tube. The meld was prehsated to
202259 sbove the melting point of The pixhurs and was held at
¢imt tepperature for a paricd of four hours, after which the
conling proceas began 8t a rate of 1.5% per boul.

By thiz method menceryatals of germariuw-silicon nald of
various compositions were chiained, with 0.5-5 at . percent
silicon content. Photograpbs of the macreatracture of the mono~
eryetelliine sanples obiained are shown helow (Fig. 3a, b and ¢).
¥.vey analysis of eample 1 showed ervatal growth of the (100}
crientation (Fig 4).
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Fig. 2.
Vacuum apparatus for growing monoerystals of Ce~Si alloy
with continuous feeding of the melt. (open view)
Table 1 glves the resulis of investigation of three monocrystals.
Twble 1

. . . Peak Silicon
omoe Baan- ?}‘ wiects. ’1‘!117§ of reverse Mobidity content
crystals | Pler o Pesist. § conduct- ¥ ootiage, - Ny in the .-

- nr i ohin om [ ivity jv' ag e/ Y gec elt
t : i
1 6 i6.5 n 25 30t ( N
1 2 3.0 7.3 i e - 3 ar. &
3 1.5 H.4 ] — -
4 0.5 1.4 I 15 SEK
4 .0 .4 n e H‘(Kv
4 2 1.4 8.0 n - 2004
3 .7 4.7 f - rz:*:’(;(; - .
4 0.5 3.4 n — .}:\m 0,i08r. %
5 0.3 G.8 n - 3500
§ t4 2.8 p 15 v 5 oatr. %
5 2 it ;] — —
3 3 0.7 n - —
A 0.4 n T -

¥ Starting material was low quality.




Monoerystals of germanium-s il con alioy grown by the slow
of monoarystal 13 b - outer

001 ing method; 2 - oa,te:c view
iew of moaccrystal Ls the sharply defined geoms umcal

fum of & hexahedron is visible on the grown crysia
o - ouber view of monocrysial S.

Fige 'L"e
lsuergrem of sample 1

;‘lg. &
2ls grovn by continucus ieu}ing of the melt in the dirsctiic

rowth (111}
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Fig. 6

Tavsrgram teken from the seed on the surface of pulling of
23 Bl

orysta

Pige 7o
lavergram taken at the end of monoerystal 81
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As is apparent from the table above, monocrystals cbtained
by slow cooling are non~-horogeneous in composition; =& gradient can
he observed in the distrivution of silicon and in the electrical resis-
ity from the upper part Lo the lover.
A Sparyp decrsase 1t 4is0 ohservable in the variatiocn of
minority carrier mobility, vhich regularly corresponds to & changs
in the distribution of silicon along the length of the monocrysials.

i

w T T T ]
§ u-v" P ‘..._«.iy.j.d.ﬁ,‘.,.,...,.,w
N5y
o ~wil 3y N S
0 Lo

156 30 40 % &6 70
length zm

Pig. B.
oupves of the variation of specific reslstividy in ohm
cm. along the length ol the nonocrystals obtained by con~
tinvous feeding of the uelt.

L)
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melt slid soluticn of germanium and sillcon
wers cobiained by this method in the vacuun apparatus shown in Fige 1.
The mein body of the apparatus is enclosed in a water cocled cylinder
upon which is placed the upper part of the spporatus that contains
the revelviag and vertical movement mechanisms. ' Fige 2 the lnner
construction of the apparetus is visitle. A graphite heater, into
which the quartz crucible is placed, is connected o the copper
cliamps of a currenb-carrying glectrode.

Tre upper part is shown separately, with two rods. One of them

corrics the Teeding ingot and the other carries the monocrystailine

A method for puliing crysitals of & salid solubion by feeding
Monoorystals of a s

Tn %the lowar part of the operating body 1s mounted the

a4 moving the crucible wp and down. A vacuus
mercury is maintained in the working
is regulated wepuslly. In order %o
“orational strains in the lattice, ferro-resonating
»s are included in the electrical circultry of the apparatus,

Polycrystalline ingotc which contained an even distridbution
of silicon aleng their length were used to feed the melt. The
ingots were prepared by casting the melt in quartz tubes in an
srgon atmosphere.

The composition of the feed ingol corresponded to that of the
pulled monocrystal., Feeding of the melt began soon after pulling
began, when the length of the pulled monocrystal reached 3-5 mm.

The pulling ltemperature was maintained such that the diameter
of the crystal grown was equal to that of the feed ingot. By
having ldentical diameters in the growa and the feed ingots the
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rate of their oppositely directed movement was kept constant, equal
to 1.7 mn/min. The rate of seed rotation was five revolutions/min
and the crucible rate was 10 revolutions/min.

By the method described, 10 movocrystalline ingots of geime-
niam-cilicon alloy were obbainsd with an even silicon disgtribvuticn.

nhe characteristics of the samples obltained ara showo Lo

o e

Tabl‘: 20
Table 2.

" { . e ax Peak
Sampier gtt i‘y;;e (i! i R.ef:ls- ?.xfetxme reverse
Nr 7 CO‘n ace- . tivity in veﬂtage
o 81 @ ivity ohm cm microsec v '
e 0.7 p 5 4 BYa 40
nd QLK 14 3.4-3.7 — A} DAY
?2 0,75 b $.10 e L.
8 1K) hi] DA - k(3D T (U}

3} 0.75 P 62 A8 TH ——

03 108 p 22-.-23 20 -

In Fig. 5 moncerystals are shown which have been grown with
ar. exinl growth orientation of [ill]. In Fige. 6 and 7 lauergrams
are shown tbat were taken frow the seed and the erystal. The elec~-
tricsl resistivity along the length wvaried on the average hetween
the limite of 6-8 vercent and slong the cross-section 1t remeined
practically constant.

Tn 2lloys containing silicon wp to 2 at .percent the gpecific

stivity incresses sharply in comparison to that of the starting
pateriol. The lifetime of the minority carriers is 2-3 times
Tower thon in the original germsrium and -5 times bigher than io
the original silicon.

ol

Conclusions

1. Tae conditions for cobtalning mounccrystalline germanlume-
silicon ingots by stationary slow cooling were studied. Mono-~
crystals obtained by this method, using & cooling speed of 1.5% per
heur, have a sharply defined gradient in distribution of silicon
and elsocirical resistivity.

o, & method was worked out for cobiaining homogeneous
gerranium-silicon alloy monocrystals by using continuous Ffeeding
of the meit during crystal growth. Monocrystals were chieined by
thic method with an even distribution of silicon and with the seme
eleotrioal resistivity in the cross-section as in the length.
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