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A method is described for growing single crystals of the metallic ,8-tin phase of InSb. These crystals were 
grown from the melt at a pressure of 26 Kbars and recovered, in their metastable state, at liquid-nitrogen 
temperature. They were cylindrical in shape with lengths ranging from 6-20 mm and diameters ranging 
from 3-6 nun. 

The phase diagram of IuSb has been studied by 
Jayaraman el al.1.2 and Hanneman et al.3 who showed 
that the transition to metallic InSb occurs near 23 
Kbars at room temperature and that the transition 
pressure depends only slightly on temperature. This 
solid-solid transition has a large change in volume 
associatcd with it (~20%) . Jayarman found that the 
transition was very sluggish at room temperature but 
became much sharper at higher temperatures. Jamieson~ 
subsequently sho\\'cd that the crystal structure of this 
phase was very close to, if not identical with, that of 
white tin. ~Torc recently, several people&-7 have found 
that the phase of InSIJ stable at pressmes above 30 
Kbars has an orthorhombic, rather than {3-tin structure. 

Darnell and Libbys.9 have dey eloped a technique for 
removing InSIJ, in its metallic {3-tin phase, from the 
high-pressme chamber. This was done by heating and 
compressing the material well into the region of the 
P-l' diagram whcre the metallic {3-tin phase is thenno
dynamically stable. Thc material was then cooled, while 
under pressure, to liquid-nitrogen temperatures, at 
which point the pressure was reduced to one atmoshpcre 
and the sample remond. The material so obtained has 
been identified as having the {3-tin structure with lattice 
parametcrs essentially identical to those oi (3-tin. 

\re will describe in this papcr a method for gro\\ing 
single crystals of the metallic p-tin phase of IoSb under 
pressure and recovering them at one atmosphere. The 
crystals so obtained were cylindrical in sbape with 
lengths ranging from 6-20 mm and diameters ranging 
from 3- 6 mm. 

The press used in this work was of the piston-cylinder 
hydraulic-ram type very similar to the one described by 
Kennedy and La ~rori.lO _-\ schematic diagram of the 
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pressure chamber with the pressure cell in position i" 
shov.:n in Fig. 1. An aluminum trough was pressl'd 
around the outside of the retaining rings and \\"as filled 
with liquid nitrogen when it was desired to cool th~ 

sample. 
Figure 2 shows the details about the pressure ccll. 

This figure is self-explanatory wi th regard to thl! 
materials used and their dimensions. The startill~ 

material ·was semiconducting grade IHype polycrystal
line indium antimonide obtained from Cominc/) 
Products, Inc. 

The sample was first molded into a cylindrical Sh3]lC 

with one of its ends tapered to a point. The mule! 
material was a high-purity, fine-grained graphite 
obtained from Poco, Inc. The molding process was donc 
under vacuum using a. vertical tubc furnace. The sample 
and mold were then fitted into an insulating cylinckr 
made of talc which in turn was fitted in to a cylindrical 
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FIG. 1. Press chamber with cell in place. 

graphite tube furnace with a tapered wa.ll thickne.--. 
This assembly was adjusted so that the pointed end (Ii 
the sample was near the thick end of the furnace. The 
furnace was then surrounded with a talc sheath. The,,' 
components together with a stainless steel cap an ,1 
pyrophyllite pressure seal constitute the pressure n il 
assembly. A -h in. diameter hole was drilled throu<!h thl 
steel cap and into the talc so that a chromel-allllll l"i 
thermocouple, encased in a 2-holed mullite tube, cOlild 

be placed about 2 mIll above the pointed end of thl' 
sample. A 5 kVA transformer controlled by a motor· 
driven powerstat in the primary circuit supplied powl'r 
to the resistance furnace. 

This pressure ccll difIers from the normally used cdl 
in having a furnace with a. tapered rather than uniform 
wall thickness. The furnace was tapered so as to pro,·idc 

a temperature CTradient alontT its lcntTth' the thicker r ll<\ o 0 b' 

Pressure, F. P. Bundy, W. R. Hibbard, Jr., and H. M. Strong, 
Eds. (John \\"iky & Sons, Inc., .Kew York, 1961) . 

being at a lower temperature. The sample, upon I)t'i n~ 
coolcd from the liquid phase, solidifies first at it'i point •. 1 

670 

t 
i 
j 

I 
I 

I 

("nd ",hi. I 
~ roI\' th PI" 
,I ft er tm \"( 
l'~~cntiall ~ 
, r~~tals. T 
.Ir i,·cn I lIl 

til'! crllli Ill . 

.. "uplcs, ~ I: 
I'Il~i lion: ;: 
lIas foun d 
the thick • 
(Ill for Iu rr 

Bciorc i;' 
Il·~~d \I" a ' 
power and 
ioilto decr~ 

The sam 
.Ihout 12 h. 
IIhich wa,. ; 
The sampl .. 
.lnler to I ll; 

phase. Til l' 
'tarting prl' 
100 high a 
\"(lul ing, to ( 
.l lld (J-tin ph 
would thcn 
On the oth L' 
the sa.mple 
IIpon cool in 
pressure d 1"11 

tion of the 0 

ovcrcome b: 



resSure 

osition j, 

; prcs~l',1 

was fillul 
cool thl 

sure cell. 
I to lh t: 

startin ~ 

ycrystal· 
Comine" 

cal sh;\p~ 
'he muld 
graphill: 

was done 
lesampk 
cylinder 

'linclrical 

lR 

hickllL" ~. 
'd end (,f 
ace. T hl' 
.h. TI1("" 
cap :lIld 
'sure cell 
:ollgh the 
!l-alllllll'l 
br, could 
d of th.: 
a mot or· 
cd pOWl' f 

lIsrd «(' I! 
uniiOrln 
pro\'idL 

ickcr I'ml 
Ion bcill : 
s point!'.! 

t 

I 

f 

GRO'VTH OF METALLIC InSb UNDER PRESSURE 6i1 

(·o t! which acts as the nucleation center for the crystal 
~rowth process. The solid-liquid pha e boundary there
.I itcr travels down the length of the sample. This is 
L":~e ntially the Bridgman method of growing single 
Lf\',tals. The rate of growth is controlled by the molor 
d,:iven powrrsta t. The temperature gradien twas 
,Il'lermined by making several dummy runs with thermo
"ollples, sealed in boron-nitride tubes, placed at various 
I~)~i lions along the length of the sample. The gradien t 
was found to be fairh- linear betw'een 7 and 20 mm from 
the thick end of the ·furnace. It ranged from 200-30°Cj 
1111 for furnace temperatures between 300° and -!OO°C. 

Before inserting the celt into the pressure vessel, Lhe 
n:s.;el was lubricated with dry molybdenum disulfide 
pOlver and the cell wrapped in a 0.002 in. layer of lead 
ioi l to decrease friction between tbe cell and vessel walls. 

The sample was first pressurized to 25 Kbars for 
.lhout 12 h. It was then heated until the thermocouple, 
which was at the cooler end of the furnace, read 400°C. 
The sample was kept at this temperature for one hour in 
oreler to make certain that it was entirely in the liquid 
plJase. The pn.'Ssure was then set at 26 Kbars. The 
~ta rting pressure was very important since starting with 
tuo high a pressure would cause the sample, upon 
cooling, to enter a region where both the orthorhombic 
and ~-tin phases are in equilibrium. The resulting sample 
would then be composed of a. mixture of the two phases. 
On the other hand, if the starting pressure was too low, 
the sample would revert back to the zinc-blend phase 
upon cooling. This \YOltld occur because there is a 
pressure drop of 2-3 Kbars due to the thermal contrac
lion of the oil and press materials. This could have been 
O\'crcome by increasing the pressure while the crystal 
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FIG. 2. Pressure cell for 1 in. chamber. 
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FIG. 3. Laue photo of JnSh single crystal. 

was being cooled. Howenr, it was feared that this \\"ould 
further strain the crystal. The press controls were never 
touched once the crystal growth process was started. 
The crystal was grown by using the motor driven 
powerstat to slo\\'ly reduce the power being supplied to 
the furnace. The mos t successful growth rate was 
estimated to be about 5 cm/ h. 

Once the crystal was grown, the temperature was 
further reduced to about 150°C at which point the 
driving motor was turned off and the crystal allowed 
to anneal at this temperature for two-three days. The 
temperature was then reduced to room temperature and 
liquid nitrogen introduced into the aluminum trough 
surrounding the pressure chamber. The crystal could 
only be cooled to about -125°C due to the large 
thermal path that the steel backup plates provided. The 
pressure was then reduced to one atmosphere over a 
period of four or five hours . The crystal was then re
moved from the press and stored in liquid nitrogen. 

X-ray sLudies were made of these crystals using a 
Polaroid Laue camera with a Picker x-ray diffraction 
unit. Since the cn 'stals could not be etched, the x-ray 
photos were not of the highes t quality. However, it was 
easy to identify the major symmetry axes and confirm 
that the cn'stal had the ~-tin structure. A typical x-ray 
Laue pattc-rn is shown in Fig. 3. In order to verify that 
the crystals were indeed single, x-ray Laue shots were 
taken at 2 mm intervals as the cr~;stal was translated 
horizontally from one end to the other without changing 
its orintation. The resulting Laue patterns were 
identical in every respect. Thus, it was concluded that 
the samples were indeed single crystals. 
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