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AN ANNOTATED BIBLIOGRAPHY FOR GROWTH OF MULTI-ELEMENT 

SINGLE CRYSTALS OF METALS AND METALLOIDS 

M. J. Murtha and G. Burnet 

ABSTRACT 

A list of abstracted ·references specifically relating to the growth 

of binary and multi-element metal and metalloid single crystals is pre

sented. These references provide a researcher with information re

quired for preparing many compound single crystalsJ and is a guide for 

the preparation of new compound single crystals. Indirectly the bibli

ography also lists contemporaries working in specific areas of crystal 

research. 
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INTRODUCTION 

Emphasis in solid state research during the past'decade has shifted 

from single element materials ~o the study of compounds. An increasing 

need for research on these materials· has resulted from substantial indus

trial use of crystals in low power solid state circuitry for applications 

ranging from the space program to many everyday devices. Most of the work 

has dealt with the production and characterization of semi-conducting 

crystals. Research on crystals can be expected to increase because of 

requirements for higher efficiency, and even more minute solid state 

circuits. Properties of entire new groups of crystals will be analyzed to 

optimize the efficiency of those circuits, in which they will be used as 

well as to maximize circuit reliability. 

Single crystals of metal or metalloid alloys will be of special 

interest because of the unique non-linear properties many of them exhibit. 

Crystals which have unusual non-linear thermo-electric and thermo-magnetic 

properties are being evaluated now for use as gating or switching devices 

in computer and laser circuitry, as well as more conventional control 

devices. Some crystals of this type also have unique optical properties 

and are being used to focus and aim laser beams to the moon, for example. 

This same optical gating property could be used to increase machine compu

tation speeds. 

As the need for a given type of crystal becomes apparent, work on 

preparation of corresponding single crystals begins. Solid single 

crystals provide more meaningful research information because there are 

nn grajn boundary effects and properties can be measured along the different 
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crystallographic axes. As part of the work to date, there have been 

developed new non-destructive analytical procedures for crystal perfection 

(such as x-ray diffraction and magnetic resonance) and equipment for pro

ducing higher quality crystals, for example, ultra-high va~uum systems and 

levitation melting to eliminate crucible contamination. Solid state 

research is relatively new because it has been dependent on the develop

ment of these new and often highly sophisticated techniques. Besides 

meeting the immediate needs of industry, single crystal alloys are pro

viding important basic information about bonding, electron spins, and 

nuclear properties. 

Techniques of Growth 

The same basic procedures as are used for the growth of elemental 

single crystals are used for production of compound single crystals. 

These techniques are listed in Table 1. Each procedure has been found 

to have unique advantages in the growth of certain single crystals. 

Physical properties of the multi-element system will usually dictate the 

best growth procedure. Some advantages and disadvantages of each procedure 

are also briefly listed in Table 1. 

An apparent advantage for multi-element crystal growth by strain

anneal or from solution lies in the fact that constant composition crystals 

can be produced more readily. Homogeneity is more of a problem when the 

other methods are used because the higher melting component will solidify 

selectively. Unfortunately the number of systems to which the strain

anneal method of recrystallization from a homogeneous slug can be ~pplied 

is limited. Other problems are also encountered in the growth of multi-element 
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Table 1. Procedures for Multi-Element Single Crystal Growth 

Method 

From melt: 

Bridgeman 

Zone melting 

Czochralski 

From solid: 

Gtrain-anncal 

From -vapor: 

From solution: 

Advantages 

Oriented crystals can be produced. 

Crystal dimensions are pre
determined. 

Growth rate and temperature 
gradient can be controlled. 

Uniform composition can be 
obtained. 
Oriented crystals can be 
produced. 
Growth rate, temperature 
gradients and atmosphere can 
be controlled. 
Wide temperature range available. 

Oriented crystals can be 
produced. 
Atmosphere can be controlled. 

Wide temperature range available. 

No strain due to crucible. 

Homogeneoui ~rystAls r.An hP. 
produced. 

Lower-temperature process. 
Minimum contamination. 

Atmosphere can be controlled. 

Crystals are of constant 
composition. 
Atmosphere can be controlled. 
No crucible is required. 

Disadvantages 

Difficult to obtain uniform 
composition. 
Crystal strain and contami
nation from the crucible 
sometimes occur. 
Striations can occur due to 
mechanical movement. 
Cannot observe. 
Contamination from crucible 
can occur unless float
zoned. 
Striations can occur due to 
mechanical movement. 
Large temperature gradient 
can cause strain. 

Control of growth rate is 
indirect. 
Temperature gradients occur 
in the melt. 
Striations can occur due to 
rotation and convection. 
Continuous feed of melt 
required to obtain constant 
composition. 

Crystals produced are often 
small, non-oriented and of 
random shape. 

Crystals produced are often 
small thin plates, non
oriented and non-homogeneous. 

Crystals produced are of 
fixed shape and non-oriented. 
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single crystals, for example, significant component segregation even 

within single crystal grains. 

The most popular methods for growing multi-element single crystals 

appear to be growth from the melt either by Czochralski pulling or by 

use of a zone-melt horizontal traveling furnace. These methods permit 

use of a controlled growth atmosphere and a large operating temperature 

range. Another advantage is the availability of units of commercial 

design which can be precisely controlled by proper instrumentation. A 

considerable amount of current research is directed toward improving the 

quality of pulled multi-component crystals. Critical evaluation of the 

relation of melt temperature gradient and seed or melt rotation to 

crystal segregation and perfection is underway. The use of microprobe 

analysis and etching techniques appear to provide useful data on local 

non-homogeneity. 

Bibliography 

Because alloy single crystal preparation work has been published more 

as an aside to research on crystal properties and important references 

are not always easily found. the following an~Qt~ted bibliography of 

abstracted material on this topic has been prepared. Most publications 

of alloy single crystal preparation have appeared since 1960. 

Several abstracting sources, Chemical Abstracts, Metallurgical Abstracts, 

and Solid State Abstracts, were used to obtain the references cited. The 

search covered all years back to and including 1955 •. The survey was limfted 

to growth of three-dimensional crystals and thus omitted most research on 

thin films. Notation is made where the original article was published in a 
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language other than English. For these articles the English abstract was 

used to prepare the annotation. The abstracts are listed in alphabetical 

order by author. 

The abstract sources used provide cross-indexing of articles but the 

authors realize that significant material quite likely has been overlooked 

or not yet abstracted, and encourage readers to call omissions to their 

attention. 

Index 

The information contained in the bibliography has been indexed by 

compound and growth method. The author's name is given, then the page 

on which the reference can be found. The index follows the bibliography. 
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Annotated Bibliography 

Abel, A., A technique for growing single crystals of Al-4%Cu of a chosen 
orientation. Brit. J. Appl. Phys., !2; 1643-1644 (1966). 

Rod material, 1/8" dia., was rolled and recrystallized. A point was 
then acid shaped and lowered into a salt bath for recrystallization to 
large grains. Two to three em single crystals of [112] axis orientation 
resulted. 

Ahimskaya, N. V., z. I. Kir'yashkina, and V. A. Maslov, Growth of monocrystals 
of germanium-silicon alloys by the vertical recrystallization zone method. 
Soviet Physics-Crystallagraphy, ~; 340-342 (1963). 

A method for growing single crystals of germanium alloys is described. 
It was found that rotation of the seed strongly increased the probability 
of forming monocrystals, and the rotation was more necessary the greater 
the Si content of the alloy. 

Airapetyants, S. v. and G. I. Shmelev, Method for growing uniform monocrystals 
of alloyed semiconductor materials, solid solutions, and intermetallic 
compounds of a given composition determined by the composition of the melt. 
Fiz. Tverdogo Tela, 1; 747-755 (1960). 

Methods for growing compound single crystals are reviewed, and a method 
is described for growing alloy crystals of constant composition. 

Alban, N., Temperature fluctuations during growth and impurity segregation of 
InSb crystals. J. Appl. Sci., 33; 2912-2913 (1962). 

An InSb crystal was pulled, without rotation, from a Se-doped melt. 
During growth, temperature fluctuations were induced in the melt. The 
crystal, after etching, showed segregation bonds corresponding to the 
temperature changes. 

Alhers, w. and A. C. Aten, The preparation of single-phase single crystals 
of zinc telluride. Phillips Research Reports, 20; 556-561 (1965). 

Preparation of ZnTe from a single phase eliminated the black spots 
usually present in these crystals. Crystals were produced in evacuated 
and sealed silica tubes at 850°C. The equilibrium and annP.aline timP. 
was one week. 

Allred, W. P., W. L. Mefferd, and R. K. Willardson, The preparation and 
properties of aluminum antimonide. J. Electrochem. Soc., 107; 117-122 
(1960). 

An improved method of growing Al-Sb single crystals is described. Oxide 
in the aluminum was eliminated by vacuum heating which also removed 
volatile impurities. The crystals were grown by the Czochralski technique. 
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Artinachalam, V. S. and R. W. Cahn, Technique for growing single crystals of 
CuAu. J. Material Science, 1; 329 (1968). 

CuAu crystals were grown in such a manner that they did not enter the 
ordered tetragonal or orthorhombic phase fields ·during growth. This 
was a~hieved by growing the crystals in a 2-zone furnace. The graphite 
crucible was sealed inside a Sio2 tube narrowed at the bottom to a 
fine capillary. The tube was then lowered through the furnace and 
after annealing the capillary tip was broken and the crystal quenched 
with water. 

Azizov, T. K., Growing gallium selenide single crystals by gas-transport 
reactions. Izv. Akad. Nauk. Azerb. SSR, Ser. Fiz.-Tekh. Mat. Nauk, 
1; 26-28 (1968) (Russian). 

A method is described for growing GaSe single crystals from poly
crystalline GaSe by using chemical transport reactions with iodine 
as the transporting agent. Single crystals were also grown directly 
from the elements in the same manner. 

Bagaryatski, Y. A. and E. V. Kolontsova, Rapid method of growing single 
crystals of aluminum and its alloys by recrystallization. Soviet Phys.
Cryst., ~; 892-894 (1960). 

Single crystals of Al and its alloys were _obtained.by a somewhat 
modified method of recrystallization •. · The entire operation was 
carried out in one day, without complicated thermostat apparatus. 

Barber, D. J., Preparation of peritectic-type intermetallic compounds by a 
modified Czochralski method. J. Appl. Phys., 35; 398-401 (1964). 

The growth of single crystals of peritectic-type intermetallic compounds 
was investigated for binary aluminum rich .systems. Single crystals of 
MnA1 6 and NiA13 were grown. 

Brown, D. M. and F. K. Heumann, Growth of bismuth-antimony single crystal 
alloys. J. Appl. Phys., 35; 1947-1951 (1964). 

Homogeneous crystals of Bi-Sb solid solutions are difficult to grow 
but are important in the study of electron-.transport properties and 
band structure of these materials. A zone melting technique was used 
to grow the crystals with temperature gradients of about 60°C/cm and 
growth_rates 1.6-0.4 mm/hr. · · 

Cass, T. R., R. W. Quinn, and w. R. Spencer, Growth of hexagonal titanium 
and titanium aluminum single crystals. J. Crys. Growth, I; 413-416 (1968). 

Single crystals of Ti, a-phase Ti•Al, and Zr can be grown directly from 
the melt, if the ~a transformation can be controlled. A growth 
technique using electron hPAm zone melting is described •. 
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Chernov, A. A. and J. Lewis, Computer model of crystallization of binary 
systems; kinetic phase transitions. J. Phys. Chern. Solids, ~; 
2185-2198 (1967). 

A kinetic model of crystallization is used to set up computer 
simulations of the growth of one, two, and three dimensional binary 
crystals. Different aspects and variables of crystal growth are 
analyzed. Results agreed qualitatively with parameters from other 
experiments. 

Crocker, A. J., Mosaic~free lead telluride crystals. Brit. J. Appl. Phys., 
417-433 (1966). 

The usual Pb-Te single crystal often contains mosaics of subgrains 
which alter its physical properties. Lead telluride is a non
stoichiometric semiconductor and the rnax;i.murn melting point does not 
coincide with the stoichioiuel:ric compound. When a crystal grown 
by the Bridgeman method had the end which was last to crystallize 
removed and the remainder remelted, the melting point of the new 
crystal obtained was nearer the maximum temperature and the resultant 
crystal was free of mosaic substructure. 

Cronin, G. R. and R. W. Haisty, The preparat~on of semi-insulating gallium 
arsenide by chromium doping. J. Electrochern. Soc., 111; 874-877 (1964). 

Single crystal GaAs having high resistivity (108 ohm-em) was pulled by 
the Czochralski technique. Addition of a small amount of chromium 
allowed pulling of this high purity crystal which was bright and shiny, 
apparently free of oxides. Increased concentrations of chromium 
did not further improve the resultant crystal. 

Dashevskii, M. Y., G. v. Kukuladze, and M. S. Mirgalovskaya, Growth of 
highly doped gallium antimonide single crystals i,n polar [111] 
directions. Izv. Akad. Nauk SSSR, Neorg. Mater., 5; 1141-1142 
(1969) (Russian). -

The effect of the polarity of the [111] directions on the growth 
of GaSh: crystals heavily doped with Te and Zn was investigated. The 
crystals were grown by the Czochralski technique in a purified He atm. 

Dernbovskii, S. A. and E. N. Loitsker, Preparation and study of some 
pr.opP.r.ties of germanium dichalcogenide single crystals. Izv. Akacl. 
Nauk SSSR, Neorg. Mater., 1; 2092-2094 (1967) (Russian). 

Synthesis of Ge dichalcogenides is difficult for a number of reasons. 
Low thermal stability and high volatility of the chalcogenides together 
with the danger of explosion due to high expansion of S and Se vapors 
are examples. Crystals were synthesized in evacuated quartz ampules 
held in a temperature gradient for a length of time. This yielded 
polycrystals which were used to grow single crystals from the gaseous 
phase using a 2-zone vertical furnace. 
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Dubenskii, K. K., V. A. Sokolov, and G. A. Anan'in, Growing zinc selenide 
crystals from a melt. Opt. Mehk. Prom., 36; 30-33 (1969) (Russian). 

A method is given for growing crystals of the A11 BVI type from 
a melt of pure components in stoichiometric ratio at 1500°C and 
under an argon pressure of 1000-1500 atm. An autoclave is 
described for growing crystals under a pressure of 2000 atm. 
at 2000°C. Crystals obtained have fewer imperfections and 
impurities than crystals grown from a melt of the commercially 
available compound. Crystals of non-stoichiometric composition 
can be grown. 

Eisner, R. L., R. Mazelsky, and W. A. Tiller, Growth of ZnSb single 
crystals. J, Appl. Phys., }l; 1833-1834 (1961). 

A zone technique which should be applicable to many peritectic
type compounds was used to grow good ~uality single crystals 
of ZnSb. It consisted of moving a melted Sb-rich zone along a 
charge of stoichiometric composition. 

Evans, D. L., Early aging effects in copper-1.~6% beryllium single 
crystals. U. S. Govt. Research Repts 31472, P. B. Rept. 136 460 
(1959). 

Strains incurred during aging resulted in early fragmentation 
of the original grains in the polycrystalline material, and 
the subgrains in the single crystals indicated that grain-size 
refinement was a primary cause of early increase in hardness. 
This refinement was associated with a reconstruction of the 
material which proceeded at 200°C, as a short range order trans
formation characterized by a relatively high rate of nucleation 
and a low rate of growth and not as precipitate formation. 

Fischer, A. G., J. N. Carides, and J. Dresner, Preparation and properties 
of n-type ZnTe. Solid State Commun., l; 157-159 (1964). 

ZnTe/Al crystals were prepared under high argon pressure by 
cooling the Zn-rich melt from 1280° to 1100°C and abruptly 
quenching to room temperature. 

Fujiwara, K., 0. Sueoka, and T. Imura, Fermi surfaces of copper
aluminum alloys by positron annihilation. Jour. Phys. Soc. Japan, 
24; 467-475 (1968). 

Single cryetals of copper-aluminum alloyn were obtained from a 
mother alloy prepared of 99.999% Cu and Al. These metals were 
melted under purified argon plus carbon monoxide in a high 
frequency induction furnace. By reducing the mother alloy with 
Cu, four Cu-Al alloys containing Al of 2.6, 5.7, 10.6 and 15.1 at. 
% were obtained. Single crystals were grown by the Bridgeman method 
in a lo- 5 mm Hg vacuum. They were then homogenized at 1000°C for 
24 hrs. in vacuum. 



10 

Fullmer, L. D. and M. H. Hiller, Crystal growth of the solid electrolyte 
RbAg

4
r5 • J. Crys. Growth, 2; 395-397 (1969). 

Single crystals to 1 em dia. by 6 em long of RbAg I have been 
grown from nonstoichiometric melts by the Czochra~s~i technique. 
Procedures for purification of starting materi~ls and optimum 
growth parameters are discussed. 

Godau··, I., B. F. Ormont, and V. Kiss, Growing zinc telluride single 
crystals from the gas phase and a study of some of the properties 
of the compound. Izv. Akad. ~auk SSSR, Neorg. Mater., !!:; 1798--1800 
(1968) (Russian). 

ZnTe was synthesized in evacuated and sealed optical-quartz ampules. 
Single crystals were grown by holcline nnP end of tho uncoolcd 
ampnl!-! 1:1L 1240nC and the other at 1230uc for 20-40 hrs. Luwer 
temperatures resulted in more perfect structures. 

Greiner, E. S. and H. Mason, Jr., Preparation of single crystals. 
J. Appl. Phys., 35;•3058-3059 (1964). 

Single crystals of V Si were prepared by a two-step process. The 
pure metals were melied by radiofrequency heating in an argon 
atmosphere, and the single crystal then grown by the floating 
zone process. 

Hansen, M., Constitution of binary alloys. 2nd ed. New York, McGraw
Hill (1958). 

A metAls handbook containing phase diagrams and crystallographic 
information about the phases for most binary systems containing 
metals or metalloids. Because of the quantity of data to present, 
the handbook has been published in three editions, and the third 
editicn has three large supplements. 

Harada, K. '· S. Yamada, M. Kitao, 0. Ohtsuki, and S. Narita, Preparation 
and properties of GaAs single crystals. Kogyo Kagaku Zasski, 
65; 1726-1729 (1962). 

Single crystals of GaAs were grown by direct combination of Ga 
(99.999%) and Af'. (99.9999%) in a carbon-lined. quartz vessel At 
1250-1275°C, followed by· zone refining at 1260-1280°C and crystal 
growing at 1245-1270°C. 

Harkness, S. D. and others, Growing large single crystals with focused 
light. Rev. Sci. Instr., 38;,1676-167/ (1967). 

This article describes a simple apparatus for forming the zone in 
a zone melter by means of optical focusing. The method is far less 
expensive than other forms of zone melting, and no special equipment 
is necessary for operation of the apparatus. Though work has been 
restricted to Al alloys, growth of other single crystals seems feasible. 
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Harsy, M., Synthesis and growth of zinc sulfide, zinc selenide, zinc 
telluride, gallium sulfide, gallium selenide, and indium sulfide 
crystals in gallium and indium melts. Material Research Bulletin 3, 
483-483 (1968). 

A method suitable for the synthesis and crystallization of AI~VI 
and AIIIvVI and AIIIBVI calcogenides is discussed. The compounds 
were synthesized from their elements in metallic Ga or In which 
were used as "solvents." After producing homogeneous solutions 
at 1000-1200°C, the crystals were formed in the melt during slow 
cooling. 

Henkie, z., Growth of single crystals of uranium phosphides and 
uranium arsenides by chemical transport method. Rocz. Chern., 
42; 363-367 (1968) (Polish). 

A transport method used for uranium chalcogenides was applied 
for preparation of the above single crystals. Iodide was used 
as the transport agent. 

Hill, R. and R. B. Lauer, The growth of homogeneous mixed crystals of 
zinc cadmium sulfide. Material Research Bulletin 2, 861-864 (1967). 

Homogeneous mixed single crystals of ZnCd sulfide were grown from 
the vapor phase. Single crystals of about 25 rnrn3 volume with Zn/Cd 
ratios of 0.4 to 0.7 were prepared. 

Horne, G. T. ·and H. W. Paxton, Tensile properties of single crystals 
of iron-chromium alloys. J, Iron Steel Inst., 201; 161-162 (1963). 

'~:-- --
The growth of single crystals by the strain-anneal technique 
presented many experimental problems. The strain required 
seemed critical and was different for each alloy. A table of 
strains is inc;.luded. 

Ishikawa, Y., S. Hoshino, and Y. Endoh, Anti-ferromagnetism in dilute 
iron chromium alloys. Jour. Phys. Soc. Japan, lf; 1221-1232 (1967). 

Single crystals were prepared by strain-anneal techniques. 
Cr and Fe were arc melted several times in an argon atmosphere. 
Ingots 1 ern by 5 ern were annealed at 1100°C in evacuated silica 
tubes for 72 hrs.

2 
These ingots were then strained by a pressure 

of about 5 ton/em and annealed against 1600°C for 72 hrs. in 
an argon alrnosphere. Usually two or three large grains grew 
in an ingot by this annealing. 
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Kadeckova, S. and B. Sestak, Stabilization of floating liquid zone in 
preparation of Fe-Si alloy single crystals. Brit. J. Appl. Phys., 
14; 927-928 (1963). 

When a rod of circular cross section was used to grow single iron
silicon alloy crystals by the floating-zone technique, the high 
specific gravity of the material caused the liquid zone to take 
a form unsuitable for transferring r.f. energy for induction 
heating. The volume of the melt periodically changed and the 
growth rate fluctuated. The result was a non-uniform distribution 
of solutes and variable crystal cross section. It was possi.ble to 
maintain a constant melt zone volume by using a square cross section 
rod of starting material. 

Kaldis, E. and R. Widmer. Nucleation and growth of sinelP rryst-::~1,'!; hy 
chemical t:ranspcn:-t 1. C.:admium germanium sulfide. J. Phys. Chern. 
Solids, 26; 1697-1700 (1965). 

The possibility of using chemical transport reactions as a general 
method of growing comparatively large single crystals is examined. 
Only closed systems are discussed. Optically clear, 24 mm long, 
single crystals of Cd4Ges 6 were grown by pulling quartz ampules in 
a vertical furnace. Low supersaturation was used to control the 
nucleation. 

Karaev, z. S., A. M. Gadymov, and A. M. Baginova, Preparation of LaGaSe
3

, 
CeGaSe 3 , PrGase 3 and NdGaSe3 single crystals. Azerb. Khim. Zh., 
2_; 159-161 (1967) (Russian). 

The preparation and properties of the above single crystals were 
otudied. Single crystals uf LaGaSe3 were grown from polycrystalline 
specimens by the Bridgeman method. Single crystals of PrGase 3 and 
NdGaSe3 were grown by the gas transport method using iodine as the 
transport agent .• 

------' A. M. Gauymuv, and u. E. Baginova, !'reparation of a samarium
indium tri-sulfide single crystal. Dokl. Akad. Nauk Azerb. SSSR, 23; 
22-23 (1967) (Russian). 

Polycrystalline Smlns3 was placed in an evacuated 
heated in a erRrli~nt (1100°C-900°C) cevcral days. 
SmlnS3 formed in the cooler part. 

quartz ampule and 
Dingle crystal 

Keezer, R. C., C. H. Griffins, and J. P. Vernon, Crystal growth phenomena 
in the selenium-tellurium system. J. Cryst. Growth, 3-4; 755-760 (1968). 

Crystal growth from the liquid and from the vapor phase was investigated 
over the full range of concentration in th~ Se-Te system. Viscosity 
measurements indicated that single crystal growth should be possible at 
reasonable growth rates only at the high Te end. Constitutional super
cooling calculations showed that viscosity would limit single crystal 
growth to high Se and high Te concentrations (~95 at.%). 
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Kelly, A., A. Lassila, and s. Sato, The plastic deformation of single crystals 
of an aluminum-silver alloy. Philo. Mag., Series 8, ~; 1260-1262 (1959). 

Single crystals (Al-20 wt. % Ag) were obtained from the melt by a 
modified Bridgeman technique. Specimens were cut to shape from a 
rolled strip, packed in alumina and passed through a horizontal 
furnace with a steep temperature gradient. Crystals were then 
homogenized for 5-7 days at 560°C and quenched into water at room 
temperature. 

Kettunen, P. and J. Forsten, Single crystals grown by the Bridgeman method 
in a protective atmosphere. Acta Polytech. Scand., Chern. Met. Ser. 
27 (1964). 

The experimental procedure, methods for purifying the protective 
atmosphere (either Ar or H2), and the pretreatment of the alloy 
crystals (Al-Cu, 7.7% Aland Fe-Mo, 8% Mo) are explained. A diagram 
for the gas purification system and furnace construction is included. 
Single crystals were grown from Cu, Al, Al-Cu, and Fe-Mo. The inert 
atmosphere gave satisfactory results with all materials. The Fe-Mo 
alloy was found to be very sensitive to the purity of Ar. Growth 
rates and the temp. gradient are also discussed. 

Kolosov, E. E., Direction of growth and anisotropy of cleavage of mercury 
telluride single crystals. Izv. Akad. Nauk SSSR, Neorg. Mater., 2; 
1285-1286 (1969) (Russian). 

The preferential growth direction and the anisotropy of cleavage 
of HgTe single crystals grown by the Bridgeman method under constant 
growth conditions was investigated. Cleavage can occur only along 
the [110] planes and [111] is the preferred growth direction. 

Kraemer, H., G. F. Day, R. D. Fairman, and J. Kinoshita, Solid state 
microwave and power devices. II. Magnesium germanide. NASA 
Accession No. N65-10523, Report No. AD 607985 (1964). 

The preparation and properties of Mg2Ge were studied to determine 
feasibility and usefulness for electronic devices other than bipolar 
transistors, particularly for integrated electronics. The single 
crystals were produced by reacting- stoichiomet'ric amounts of the 
constituents in a graphite crucible inside a sealed Ta bomb followed 
by solidification of the molten compound to a single crystal by a 
Bridgeman technique. 

Kurata, K., J. Shivafuji, and T. Endo, Growth of gallium arsenide single 
crystals by a free surface method. Jap. J. Appl. Phys., ~; 64-65 (1963). 

For production of large single crystals of GaAs with dislocation den
sities of 10-100 cm-2, a polycrystalline ingot, sealed in an evacuated 
quartz tube, was melted at one end by a movable furnace. As the furnace 
moved, the free surface region became supercooled and a large single 
crystal formed. 
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Lapeyre, G. J. and E. B. Hensley, Melting point and growth of barium 
telluride single crystals. J. Appl. Phys., ]i; 2054-2056 (1965). 

Single crystals of barium telluride were grown in graphite 
crucibles by a Bridgeman technique. A procedure for seeding 
the melt is described. 

Lerner, L. S., Preparation and properties of single crystals of CuGase 2 
and AglnSe 2 • J. Phys. Chern. Solids,~; 1-8 (1966). 

Single crystal samples of ternary semi-conductors were prepared 
by zone leveling techniques. 

Levine, E. P. and others, Properties of magnesium and magnesium alloy 
single crystals at room and other temperatures. U. S. Dept. Com., 
Office Tech. Serv. P. B. Rept. 144 529 (1958). 

Single crystal specimens of Mg and Mg alloys containing In, Cd, 
Ta, Al, Zn, Li, and Tl were prepared in both cylindrical and 
spherical form. Examination of stress-strain curves illustrated 
that the most important factor in solution strengthening of these 
alloys is an interaction between solute atoms and substructural 
boundaries in the crystals. 

Liebmann, W. K. and G. Kampschulte, The preparation of high purity gallium 
arsenide by the Czochralski method. Solid-State Electronics, 2; 
828-830 (1966). 

High quality GaAs crystals were pulled from the melt. Great pr.P.
cautions were taken to prevent impurities and moisture fr.nm P.ntPring 
the system. Crystals 20 mm dia. by 20 em long were grown. 

Lindroos, V. and H. M. Miekk-oja, A modification of the Bridgeman method 
of growing Al alloy single crystals. J. Inst. Metals, 22; 513 
(1964-65). 

Notes and drawings of the altered furnace used are provided and the 
procedure for growing the crystals is discussed. 

Lorenz, M. R., Crystal growth of II-VI compounds. 2-6 SP.micond. Compounds, 
lnt. Conf., Brown Univ., 215-243 (1967). 

A review of crystal growth of the II-VI compounds starts with thermo• 
dynamic and phase equilibrium considerations from which growth methods 
are derived. Detailed de script ions are giVF~n of melt and vapor 
methods for II-VI crystals. 
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Lorenz, M. R., Preparation of CdTe crystals of near stoichiometric and 
Cd rich melt compositions under constant Cd pressure. J. Appl. 
Phys., 11; 3304-3306 (1962). 

Crystal growth on the basis of phase equilibria in the Cd-Te 
system is discussed. Crystals were produced by slow cooling 
from the melt and the relative merits of the two starting com
positions are discussed for CdTe and similar systems. 

Marshall, R. C., Growth and characterization of a transition metal 
silicide. J. Cryst. Growth, 3-4; 295-299 (1968). 

Large single crystals of CoSi were grown by the Czochralski 
technique over a pressure range of lo-5 torr to 300 psi. 

Masumoto, K., S. Isomura, and W. Gato, The preparation of ZnSiAs2, 
ZnGeP2 , and CdGeP2 semiconducting compounds. Phys. Chern. Solids, 
ll; 1939-1947 (1966). 

II IV V Good crystals of A B c 2 compounds were grown by either the 
vertical Bridgeman method or slow cooling. 

Masumoto, K. and S. Isomura, The preparation and semiconducting properties 
of single crystals of ZnSnAs 2 compound ~. J. Phys. Chern. Solids, 
~; 163-171 (1965). 

Large single crystals of a semiconducting intermetallic compound 
ZnSnAs 2 were grown by the Bridgeman method. Electrical and optical 
properties were studied as a function of temperature. 

Matveev, 0. A., S. V. Prokof'ev, and Y. v. Rud, Growing cadmium telluride 
single crystals. Izv. Akad. Nauk SSSR, Neorg. Mater., 5; 1175-1180 
(1969) (Russian). -

Thi~; research was undertaken to find ways of preparing CdTe with 
as low an impurity content as possible. Single crystals were grown 
under a given Cd vapor pressure from a ·stoichiometric melt. When 
CdTe was grown in quartz boats it was greatly affected by the 
acceptor impurity. The use of graphite boats significantly reduced 
this. Changing the pressure Pcd made it possible to vary the type 
of conduction and the charge carrier concentration. 

Miyauchi, T. and H. Sonomura, Preparation of gallium antimonide by 
solutinn-gr.nwth me.thncL .Tap • .T. Appl. Phys., ~; 317-318 (1965). 

Sb and Ga mixtures containing about 10 at.% Sb were sealed in 
evacuated quartz tubes, heated to 650°C for 3 hrs., and cooled at 
100°C/hr. to give 0.5 mm thick platelet single crystals. 
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Modryejewski, A., Preparation of single crystals of nickel and Ni-Fe 
alloys. U.S. At. Energy Comm. NP-8162 (1959). 

An apparatus for preparation of single crystals of Ni and Ni-Fe 
alloys is described. The Bridgeman method was used and conditions 
for growing the crystals given. 

Monnier, G., S. Audisio, and E. Rakotomaria, Preparation of binary 
alloy single crystals by metal surface-gas phase interaction; 
ferroaluminum (25 at. % Al) and ferrosilicon (25 at. % Si); 
order-disorder transformations. C. R. Acad. Sci., Paris, Ser. 
C, 268, 10; 929-930 (1969) (French). 

Reaction on the surface of a polished specimen of single-crystal 
Fe of the respective vapor phase produced single crystals of 
FP-?~At,% Al ~nd F9-25 at. % Si. The orientation of th~ alloy 
single crystal was identical with that of the initial Fe single 
crystal. The presence of the order disorder transformation was 
demonstrated. 

Morizane, K., A. F. Witt, and H. C. Gatos, Impurity distributions in 
single crystals. I. Impurity striations in non-rotated InSb 
crystals. J. Electrochem. Soc., 113; 51-54 (1966). 

Single crystals of InSb were pulled without rotation from the 
melt in the presence of Te or Se impurity. The formation of 
pronounced periodic and nonperiodic impurity striations were 
observed. The formation of these striations is the result of 
temperat~re fluctuations at the interface brought about by 
convection currents in the melt. The convection currents are 
primarily due to sharp temperature graniP.nts in the growing 
crystal near the interface. 

Mullin, J. B., B. W.· Straughan, and W. S. Brickell, Liquid encapsulation 
techniques: Use of an inert liquid in suppressing dissociation 
during the melt g~Qwth of InAs ann r.AAs rrystal~. J, Phys. Chern. 
Solids,~; 782-784 (1965). 

The basis of the liquid encapsulation technique is use of an inert 
liquid which completely covers the melt. Loss of volatile components 
from the melt is prevented by having i.nert gas pressure on the 
liquid in excess of the equilibrium vapor pressure. B2o3 is 
recommended as a suitable encapsulant. · 

Murray, A. R.·, J. A. Baldrey, J. B. Mullin, and 0. Jones, A systematic 
study of zone refining of single crystal indium antimonide. J. 
Matl. Sci.,!; 14-28 (1966). 

Very high.purity single crystals were produced by providing for 
impurity distillation from the closed system. Factors affecting 
crystal growth and perfection were studied. 
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Nester, J. F. and J. B. Schroeder, The preparation of oriented single 
crystal spheres of intermetallic compounds between the rare earth 
and iron group metals. Trans. AIME, 233; 249 (1965). 

Methods used in growing relatively large single crystals of 
YCo5 , NdCo5 , DyCo5 , and YFe9 are described. The zone-melting 
metfiod of Mason and Cork was used. Procedures for preparing 
the crystals are discussed. The largest crystal prepared by 
the process was of sufficient size to permit fabrication of a 
2.67 mm dia. sphere of NdCo

5
. 

Ovcharov, V. P. and 0. P. Aleshko-Ozhevskii, Preparation of single
crystal plates of a cobalt-iron alloy for the polarization of 
neutrons. Kristallografiya lQ; 96-98 (1965) (Russian). 

A method is described for (1) growing large. (100 mm. x 45 mm dia.) 
single crystals of Co-8% Fe by direct crystallization in an inert 
atmosphere under carefully controlled conditions and (2) subsequent 
cutting of plates and etching in aqua-regia. A neutron diffraction 
investigation with white and monochromatic neutron beams disclosed 
that polarization of the neutron beam at reflection· from the 
(111) plane was 95%, with sufficient intensity for structural 
investigations. 

Over'yanov, I. S., U. P. Marhina, F. P. Volkova, G. V. Pertseu, and 
s. P. Shashchin, Preparation of single crystals of lead selenide 
with a perfect structure. Izv. Akad. Nauk SSSR, Neorg. Mater., l; 
877-878 (1967) (Russian). 

Preliminary data are presented on the preparation of PbSe single 
crystals from the melt by a method other than the Bridgeman-Stockbarger 
technique. A modification of the Czochralski technique is used in 
which contact between the crystal and the crucible is minimized. 
Highly perfect crystals were grown in this manner. 

Pelohe, J. R., R. R. Stone, and L. R. Yetter, Statistical approach to 
growth of single crystals of GaSb by horizontal growing techniques. 
Solid~State Electronics,~; 861-867 (1965). 

The variables considered to be of importance in crystal growing 
were tested statistically. Crystals to initiate nucleation were 
produced in graphite crucibles with quartz tips, then the crystal 
grown by zone melting in a vacuum. Radiofrequency heating was 
used. 
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Pinaeva, V. I., R. P. Krentsis, and R. A. Sidorenko, Czochralski method 
for growing iron disilicide (a-lebeauite) single crystals. Tr. Ural. 
Politekh. Inst., No. 167, 135-136 (1968) (Russian). 

Single crystals of a-lebeanite, melting point 1220°C, were grown 
by the Czochralski method. The crucible was timed at 40 rpm and 
the seed crystal at 25 rpm. The rate of withdrawal was 1.3-0.6 mm/min. 

Piper, W. W. and S. J. Polich, Vapor-phase growth of single crystals of 
II-VI compounds. J, Appl. Phys., 32; 1278-1279 (1961). 

A method is described of growing doped single crystals of compounds 
of elements of Groups II and VI a few cm3 in size. The crystals were 
grown from the vapor phase ·in a closed, moving crucible to permit 
efficient utilization of the charge and flexibility in the dimensions 
of the crystal. CdS, ZnS; CdSe, ZnSe, ZnTe, ZnxCdl-x were grown. 

Plaskett, T. S. and W. C. Winegard, Growth conditions for ~quiaxed 
crystals in Al-Mg alloys. Trans. Am. Soc. Metals, 1!; 222 (nd). 

The breakdown from columnar growth to equiaxed growth for Al-Mg 
alloys was found to be dependent upon the rate of solidification, 
the temperature gradient in the liquid head of the solid-liquid 
interface, and the solute concentration. It is suggested that 
constitutional supercooling ahead of the dendritic interface promotes 
nucleation in the melt. 

Prior, A. C., Growth from the vapor of large single crystals of lead 
selenide of controlled composition. J. Electrochem. Soc., 108; 
82-87 (1961). 

Lead selenide crystals were grown by sublimation using a technique 
in which almost the whole charge of a few grains was converted into 
only one single crystal. Control of the Pb:Se ratio in the resulting 
crystal was achieved by control of the partial vapor pressure of 
selenium during growth. 

Puotinen, D. A., Preparation of crystals of the alloy system Bi-Sb-Se-Te. 
Ultrapurif'. Semiconduct. Mater., Proc. Conf., Boston, Mass., 1961; 
585-594 (Pub 1962). 

The prcpar~tion of crystals of the quaternary alloy syst~(ti B:i.
24 Se 6Sb 6 ) Te (l5 _ where -8 < x < 12 is described. The samples were 

prepa~e9~y a mo9if{ed and carefully controlled Bridgeman process. 
Large crystals were obtained over the entire alloy system. 
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Pyregov, B. P., I. S. Aver'yanov, S. V. Mashin, and K. S. Krasnov, Effect 
of some growth factors on the perfection of indium arsenide single 
crystals. Isv. Akad. Nauk SSSR, Neorg. Mater.,~; 1474-1479 (1968) 
(Russian). 

The influence of growth rate, quality of seed crystal, As vapor 
partial pressure, and impurities on dislocation density were investi
gated. The larger the diameter, the less the effect of growth rate. 
The seeding method used and Zn and Te impurities had no significant 
effect on dislocation density. Crystal perfection depended mainly 
on the precision with which the As partial pressure was held constant. 

Richards, J. L. and A. J. Crocker, Etch pits in gallium arsenide. J. Appl. 
Phys., 1!; 611-612 (1960). 

Single crystals of GaAs were tested with a number of different 
etchants. These crystals were boat grown. A description of the 
dislocations on the A face (111), B face (iii), or both are given 
for each etchant. 

Runnalls, 0. J. C. and R. R. Boucher, Polymorphic transformation in 
PuA1 3 . J. Nucl. Mater., l2; 57-64 (1965). 

Procedures for the preparation of the all~ys and single crystals 
are mentioned. Major emphasis is given to analytical methods and 
results. 

Rzaev, K. and K. M. Khalilov, Preparation of selenium samples in an 
ultrasonic field and the growing of thallium selenide single crystals. 
Akust. Zh., 1}; 427-431 (1967) (Russian). 

Dense samples of Se were prepared in an ultrasonic field. TlSe single 
crystals were also grown in the ultrasonic field in evacuated quartz 
ampules inside a rotating furnace. 

Samelson, H., Vapor phase growth and properties of zinc sulfide single 
crystals. J. Appl. Phys., 1£; 309-317 (1961). 

The details of a sealed tube method for growth of zinc sulfide 
crystals is described and chemical purity of the crystals assessed. 
Influence of the following parameters is described: (1) ultimate 
evaporation temperature schedule, (2) temperature gradient, and 
(3) the pressure of the H2S ambient. A model employing non-nucleated 
and surface-nucleated mecnanisms is proposed. 
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Savitskii, E. M. and N. I. Novokhatskaya, Preparations of single crystals 
of copper and alpha and beta brass. Rost Nesoversh. Metal. Krist. 
Dokl. Vses. Soveshch., Kiev, 1965, 144-149 (1966) (Russian). 

Pure single crystals of Cu 1-30 mm dia. and 120-150 mm long were 
prepared by the Bridgeman method; the gas content of the crystals 
was 0.0004-0.0007% 0, 0.0001% N, and 0.0001% H. A method was 
developed for the preparation of single crystals of a-brass, 
based on the method of Elam in which the loss of Zn is minimized 
by using sealed vertical ampules which are partially filled with 
molten brass. The vapor pressure of Zn prevents further loss of 
Zn. Single crystals, 10-30 mm in dia. and fairly uniform in Zn 
content, were prepared with little loss of Zn. The crystals were 
machined on a lathe and then annealed at 650° without disturbing the 
single crystal structure. 

and others, Structure and properties of alloys of the 
molybdenum niobium system in single crystal state. Rost. Nesoversh. 
Metal. Krist. Dokl. Vses. Soveshch., Kiev, 1965, 297-303 (1966) 
(Russian). 

Single crystals of Mo-Nb solid solutions of given crystallographic 
orientation were obtained in an apparatus for electron beam zone 
melting, described by~· M. Savitskii, et al, (1961), by use of a 
nitrogen trap in a 10- -lo-5 torr vacuum. The alloys varied in 
composition from pure Mo to pure Nb. The components were melted 
directly in the apparatus. Two subsequent passings of the molten 
zone at 3 to 6 mm/min. were made in opposite directions for the 
production of single crystal alloys of homogeneous composition. 
Single crystals of high alloy composition (20% Mo or Nb) could 
be produced only with a seed crystal. All alloys of the system 
were grown with crystallographic orientations of [100] and [110]. 
Single crystals with the [110] orientation had the highest 
plasticity. The strength of single crystals of the Mn-Nb alloys 
increased and their plasticity decreased (although remaining at 
a sufficiently high level) with increasing Nb content. 

Sell, G. and w. M. Grimes, 
zone melting furnace: 
Rev. Sci. Instr., 35; 

Modes of operation of an electron-beam floating 
growth of single crystals of metals and alloys. 

64-68 (1964). 

A constant-current control with an electric thermal feedback loop 
was used to contrpl an electron-beam floating zone melting furnace. 
A single-tube constant-current regulator utilizing W-filament lamps 
in the feedback loop is described. Numerous crystals of metals and 
alloys ranging from 10-20 in. in length were grown from 0.220-in. 
diam. starting electrodes. 
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Shiosaki, T. and A. Kawabata, Single-crystal growth of selenium and 
selenium-tellurium alloy. J. Appl. Phys., 39; 3502-3503 (1968). 

A method is described by which single crystals of good quality Se 
and Se-Te alloys, as large as 25 mm length and 10 mm dia., were 
obtained. Amorphous Se pieces were placed on a cleaved surface 
of single crystal Te sealed in a Pyrex tube. The tube was placed 
in a Bridgeman furnace and lowered at 5-10 mm/day. A single 
crystal grew on the Te crystal base. 

Short, M. A. and J. J. Schott, Preparation of homogeneous single-crystal 
bismuth-antimony alloys. J. Appl. Phys., 36; 659-660 (1965). 

Homogeneous crystals of BiSb were obtained by positioning the 
traveling molten zone of a horizontal traveling furnace in a 
magnetic stirring field. This field consisted of passing a 
direct current through the molten alloy which was surrounded by 
four pairs of magnets. This induced stirring in the vertical 
direction and produced very homogeneous crystals. 

Siegel, S., Elastic moduli of cu
3

Au. Phys. Rev., 22; 537-545 (1940). 
An alloy ingot was made by melting weighed amounts of Cu and Au in 
a vacuum induction furnace. The ingot was homogenized by a vacuum 
anneal of 100 hrs. at 800°C. Thin rods were then cast from the 
ingot and single crystals grown in a vacuum by the Bridgeman 
technique. The crystals were homogenized for four hours at 900°C. 

Sima, v., The growth of AlAgCu alloy single crystals. Czech. J. Phys., 
1}; Sec. B, No. 7 (1963). 

The growth of AlAgCu (20 wt. % Ag, 3.5 wt. % Cu) alloy single 
crystals by the strain-annual method is described. The effect of 
growth variables on alloys with limited solid solubility is discussed. 

---------------~-· The growth of aluminum-zinc alloy single crystals by strain 
anneal method. Kovove Mater., 2; 243-255 (1967) (Czech.). 

To grow Al-Zn alloy single crystals with high content Zn (10-35% Zn) 
the following conditions were required: the alloy contained small 
amounts of suitable alloying impurities (Fe, Si, Cu), the structure 
was fully recrystallized, homogeneous, and fine-grained before 
deformation, and the structure was obtained by short time annealing 
of heavily worked specimens. 

Smirous, K., A. Hruby, and J. Berankova, Refining of CdSb and preparation 
of CdSb single crystals by zone melting. Czech. J. Phys., 11; 
796-798 (1962). 

CdSb single crystals are prepared by zone melting in a boat with 
and without a seed crystal in a stream of pure hydrogen or in a 
sealed and evacuated tube. 
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Stantalov, I. F. A., The rate of evaporation and pore formation of the 
volatile component from monocrystals and polycrystalline samples 
of alloys. Fiz. Metal. i Metalloved., Akad. Nauk SSSR, 2; 
378-383 (1959) (Russian). 

A study was made of the affect of the structure of Ag-Cd, Ag-Zn, 
and Cu-Zn solid soln. alloys on the rate of evaporation of Cd 
and Zn. Alloys were prepared and single crystals grown. A 
technique was developed for growing single crystals without loss 
of zinc. 

Steinemann, A., H. R. Winte.ler, and U. Zimmerli, Dislocation-free gallium 
arsenide single crystals. Helv. Phys. Acta., 41; 1210-1220 (1968) 
(German). 

Dislocation--free GaAs single cry:Jtala up to 100 g were grown by the 
Czochralski method in a sealed system with additional As vapor, 
which must be held very constant. It was necessary to neck down 
very thin before pulling. Diffusion of groups II, IV and VI 
elements into this dislocation-free GaAs was achieved. 

Steininger, J. and R. E. England, Growth of single crystals of ZnTe 
and ZnTe1 Se by temperature gradient solution zoning. Trans. 

-x x 
Met. Soc., AIME, 242; 444-448 (1968). 

Single crystals of the above materials with x up to 0.13 were grown 
from the elements by temperature gradient solution zoning with excess 
Te as a solvent. 

--------~~-· Growth of cadmium selenide single crystals by temperature 
gradient solution zoning in excess selenium. Material Research 
Bulletin 3, 595-598 (1968). 

CdSe single crystals were grown from Se solutions by temperature 
gradient solution zoning at 1050-1100°C, well below the melting point 
of 1239°C. As grown, the crystals were highly transparent and 
contained detectable Se inclusions. 

Strieter, F. A., Growth of single crystal bismuth telluride. Advan. 
Energy Conv., !; 125-127 (1961). 

Single crystals of Bi2Te3 were prepared by the Teal-Little method. 
Melting was affected ~n a quartz jacket under a He atmosphere. The 
rate of pulling was 2-3 in./hr. 
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Tagashira, K., N. Enomoto, and H. Nakae, Production of single crystals 
of iron-silicon alloy by strain anneal method. III. The [100] 
single crystal. Hokkaido Daigaku Kogakubu Kenkyu Hokoku, 52; 
177-184 (1969) (Japanese). 

Single crystals of 3.25% Si-Fe alloys were produced from comparative 
Si steel sheets by strain-anneal using a specially designed, high 
temperature gradient (500°C/cm) furnace. The specimens were strained 
by a slight rolling rather than by tension, chemically etched, 
then inserted into the furnace. 

Temkin, D. E., Condition for the stability of the solid-liquid interface 
on the crystallization of a binary alloy. Doklady Akad. Nauk SSSR, 
133; 174-177 (1960) (Russian). 

An unexplained small spherical projection of the solid phase into 
the liquid phase was detected at the interface of binary compounds 
at crystallization conditions. Stability of this interface was 
indicated when heat flow from the planar interfacial surface was 
equal to the heat flow at the interface of the spherical projection. 
Mathematical expressions for obtaining parameters to measure this 
heat flow are presented. Experimental results for conditions of 
stability vs. concentration at the interface of a Pb-Sn alloy 
compared favorably with conditions calculated from the mathematical 
equations. 

Thornton, P. H., The preparation of single crystals of peritectic phases. 
Trans. AIME, 236; 592-594 (1966). 

A technique is described for the preparation of thin-rod specimens 
of brittle intermediate phases, and for the conversion of such rods 
into single crystals. Ingots of about 100 g and 11 mm dia. were 
made. 

Toyama, M. and T. Sekiwa, Kinetics of the vapor growth of II-VI compound 
crystals. II. Zinc selenide. Jap. J. Appl. Phys., ~; 855-859 
(1969). 

Vapor phase growth of ZnSe crystals was made by a modified Piper 
0 method in an argon atmosphere at relatively low temperatures, 1490 

and 1400°K. Single crystals of size 1 cc
2 

were obtained at 1490°K. 
The growth rate was lo- 8 to lo-7 moles/em sec. and was limited by 
the diffusion process of the vapors. 

Trivisono, J. and C. S. Smith, Elastic constants of lithium-magnesium 
alloys. Acta. Met.,~; 1064 (1961). 

In the discussion of the experimental procedures, the preparation of 
alloy slugs and subsequent recrystallization of single crystals are 
P.xplainP.d. Crystals of 1/2 em dia. and 0.1 em in length were 
obtained. 
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Tsujimoto, Y., Y. Onodera, and M. Fukai, Preparation of a large single 
crystal of ZnSe from the melt. Jap. J. Appl. Phys., 2; 636 (1966). 

The crystal was produced by direct fusion of ZnSe powder under 
high inert gas pressure (120 atm. argon). 

Ugai, Y. A., E. M. Averbakh, and G. S. Kruglova, Preparation of single 
crystals of semiconducting phases in the Zn-Sb system. Soviet 
Physics Jour., No.1; 86-89 (1965). 

Crystals produced by zone melting of previously mixed metal, melted 
in an evacuated bulb then annealed above 505°C for 15 hrs. A 
previously grown seed was used. 

Van Torne, L. I., and G. Thomas, Structure and mechanical properties of 
Ta-Mo single crystals. Acta Met., 14; 621-635 (1966). 

The Ta-Mo system was studied because of the large differences in 
x-ray and electron scattering values with composition, and the close
ness of the melting points. Single crystals were produced at 10 at.% 
composition increments by electron beam melting. 

Voitsekhovskii, A. v. and V. P. Drobyazko, Preparation of single crystals 
in the indium arsenide-cadmium telluride system by the gas transport 
method. Izv. Akad. Nauk SSSR, Neorg. Mater., 1; 2263-2265 (1967) 
(Russian). 

Single crystals in the InAs-Cd Te system were prepared using iodine 
as the carrier. The growth procedure is explained in detail. 

Wang, F., A. M. Syeles, W. L. Clark, and W. J. Buehler, Growth of TiNi 
single crystals by a moditied "strain-Afit'l~a1" technique. J. Appl. 
Phys., ]2; 3620 (1964). 

A wire of TiNi was strained by pulling. The ends were then spot
welded and vacuum sealed into a pyrex tube. Repeated temperature 
cycling between 500-900°C produced single crystal gr·owth. 

Wehmeir, F. H., Growth of cadmium chromium selenide by chemical transport 
with cadmium chloride and the behavior of cadmium chromium selenide 
at elevated temperatures. J. Crystal Growth, 2; 26-28 (1969). · 

Single crystals of Cdcr2se4 were grown by reversible chemical transport, 
where CdCr2se4 was the only deposited product. It was necessary to 
stabilize the Cdcr2se

4 
with an excess of Se to prevent partial de

composition. 
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Weinstein, M. and A. I. Mlavsky, Growth of GaP crystals and p-n junctions 
by a traveling solvent method. J. Appl. Phys., 12; 1892-1894 (1964). 

A traveling solvent method has been used to grow GaP crystals 
from Ga solution. Growth rates of approximately 0.5 rom/hr. have 
been achieved at an average temperature as low as 850°C. 

Weller, P. F., Single crystal growth of SnTe and GeTe. J. Electrochem. 
Soc. 113; 90-92 (1966). 

Single crystals of the above materials were pulled from the melt. 
Crystals up to 3/8 in. dia. were obtained; 

Wolff, G. A., H. E. Labelle, Jr., and B. N. Das, Solution growth or 
(zinc, mercury) tellurium and gallium (phosphorous, arsenic) 
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