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EVOLUTION OF CRYSTAL-MELT SYSTEMS : A
CHALLENGE TO ANALYSIS. SIMULATION. AND
EXPERIMENT
ME. Glicksman
John Tod Horton Professor
of Materials & Chemical Engineering
Rensselaer Polytechnic Institute
Troy, New York 12180-3590
USA

A3 STRACT
The creation, manipulation, and quantitative prediction of crystalline
microstructures remains as a major challenge to materials engineers and
crystal growers. However, the complexity of many useful engineering
materials often limits the success of such tasks 10 empirical approaches, which
are expensive, uncertain, and, unfortunately, unlikely to lead to the broader
understanding that often provides the cohesive laws necessary to advance and
mature the field. The past decade, however, has seen major strides taken
towards achieving a quantitative, predictive description of crystal growth and
the microstructures produced by such processes. The overall progress has
been balanced among many analytical, numerical, and experimental
improvements, all now becoming commonplace in our field.
Examples of such progress will be drawn from the speaker's crystal
growth research programs conducted over the past few years. Specifically,
the topics of crystallization "scaling laws" and phase coarsening, will be
explained in the context of interfacial evolution. Microstructures developed
during crystal growth provide excellent examples of dynamical pattern
formation, along with the subsequent relaxation of that microstructure as a
crystal-melt system ages and approaches tiiermodynamic equilibrium. Topics
to be illustrated include "nascent" microstructural length scale development
during dendritic growth, crystal-melt sintering kinetics of the Lifshitz-Slyozov
type in binary alloy mixtures, and, finally, some measurements of a surprising
geometrical self-similarity which has been observed recently in highly
anisotropic crystalline structures.
For presentation to the Israeli Association for Crystal Growth, Wcizman Institute of
Science, Rehovoi, Israel, November 16. 1993.
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Computer-aided analysis of Bridgman crystal growth

S. Brandon

Department of Chemical Engineering
Technion-Israel Institute of Technology
Haifa 32000, Israel
Recent advances in computational power and new developments in numerical algorithms make computer-aided-analysis of bulk crystal growth a useful
tool. Both qualitative understanding of general physical phenomena and quantitative analysis-and-design of specific growth systems are possible. Our work
involves using the Galerkin finite element numerical method for the analysis of
heat transfer during Bridgman growth of oxides and fluorides; both the vertical
and horizontal configurations are considered.
Examples highlighting specific physical phenomena are discussed. These include the effect of radiative heat transport on the vertical growth of semitransparent crystals and the importance of marangoni versus buoyancy driven convection
in the horizontal growth mode. In addition, an example of computer aided analysis and design of an industrial growth system is presented.
All these examples are discussed from a practical viewpoint. Strategies for
avoiding unwanted phenomena observed in our simulations are proposed. In
addition, the practicality of using computer-aided analysis and design of crystal
growth systems in an industrial setting is discussed.
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MASS PRODUCTION OF REFRACTORY OXIDE CRYSTALS: CUBIC
ZIRCONIA
Joseph F. Wenckus, Ceres Corporation, U.S.A.
Large-scale production of refractory oxide crystals
using skull-melting techniques has undergone dramatic
development during the past decade. These developments
have been prompted in large measure by the growing
demand for Cubic Zirconia (CZ) crystals used to fashion
the "fake" diamonds which have become popular in the
gem/jewelry industry worldwide.
Since the introduction of CZ gems in 1977, the
production of CZ crystals has increased steadily and
present annual world output is estimated to be well in
excess of 250 tons (1-1/4 billion carats).
The discussion will include a brief history of the skull
melting process and focus upon current production
technology.
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THE

ADVANTAGES

FOR

PREPARING

SUPERCONDUCTORS BY THE SOL-GEL METHOD

Lina Ben-Dor, Department of Inorganic and Analytical Chemistry,
The Hebrew University, Jerusalem 91904.

The High Tc superconductors are usually prepared by a solid-state reaction
from the appropriate oxides, peroxides, nitrates etc., better known as the
"bake 'n shake" method. This method is both time consuming and does not
always evolve homogeneous single phase material. The sol-gel method,
long known for the preparation of glasses and oxide perovskites has been
used by Blank et al (1987) for preparing YBCO. This method has been
modified in our laboratory and used to prepare homogeneous, single phase
of the following SC: REBCO, (BiPb)-2212, (BiPb)-2223 and (MCe) 2 Cu0 4 .
The advantages will be discussed.
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Growth and Characterization of CdTe and CdZnTe Crystals

H. Feldstein,
Solid State Physics Department
Soreq Nuclear Research Center, Yavne 70600

CdTe is a wide band-gap semiconductor which finds several
applications in the opto-electric devices like: solar cells,
nuclear radiation spectrometers, windows for IR radiation and
substractes for the epitaxial growth of MCT layers for IR
detectors. The last application requires wafers, of high
perfection single crystal CdTe, with area of several square
centimeters. There are several methods for the growth of CdTe
crystals, like growth from the vapor, from Te solution, by
traveling heater method (THM) and from stoichiometric melt
(Bridgman).
Only the Bridgman method' can supply large area wafers with
reasonable yield.
The difficulty to grow high perfection large CdTe single
crystal is due to its physical properties and mainly - low
thermal conductivity relatively high heat of fusion and low
energy for defect formation.
The quality of the crystal depends on the growth conditions
and to some extent may be changed by post-growth treatments.
Method for
presented.

characterization

of

CdTe

crystals

will

be
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Metalorganic Molecular Beam Epitaxy of InP Based Compound Semiconductors
Dan Ritter
Department of Electrical Engineering,
Technion. Haifa, Israel

Ternary and quaternary InGaAsP III-V semiconductors lattice matched to InP are
widely used for the fabrication of optoelectronic devices suitable for optical
communication through fibers. Epitaxial layers of InP based semiconductors can be
grown by both modern crystal growth techniques - Metalorganic Vapor Phase Epitaxy
(MOVPE) and Molecular Beam Epitaxy (MBE). To grow P containing compounds by
MBE it is necessary to use gaseous sources because the vapor pressure of solid P is
very difficult to control. This provided the impetus to replace all solid sources with
gaseous sources, leading to the development of the Metalorganic Molecular Beam
Epitaxy (MOMBE) technique.
The MOMBE technique was shown to be very successful in achieving high quality
epitaxial layers. Its main advantage is the ability to achieve high and abrupt dopani
profiles which are crucial for the fabrication of high speed electronic devices.
In the talk the MOMBE technique will be reviewed, with emphasis on outlining the
main differences between MOMBE and conventional MBE. A small size home made
MOMBE apparatus built at the Technion will be described, and compared to
commercially available systems.

- 7 -

TRANSFER OF STRUCTURAL INFORMATION FROM 2-D LANGMUIR FILMS TO 3-D
CRYSTALS. M. Lahav and L. Lciscrowitz, Department of Materials and Interfaces,
Wcizmann Institute of Science, Rchovot 76100. Israel.
Any crystallization process from a supersaturated solution requires the selforganization of molecules into structured clusters.
In order to provide structural
models for the early stages of crystal nuclcation. we investigated ihc selforganization of amphiphilic molecules at the air-solution interface, and their
function as triggers for 3-D crystal nuclcation. The structure of these clusicrs had
been investigated at the air/solution interface by using Grazing Incidence X-ray
Diffraction and Frcsncl rcflcclivily methodologies (work done in collaboration
with K. Kjaer and J. Als-Niclscn, Riso, Denmark);1 as well as by Cryo Electron
Microscopy on vitreous ice. 2
The packing arrangement of some of these
aggregates has been determined on the molecular level.3
A one to one correlation has been found between the packing arrangement of the
polar head groups of the amphiphilcs in (he water, with the face of """c 3-D crystal
which nucleates and grows at the interface.4
We shall illustrate the present
approach with a number of examples which will include, the induced freezing of
ice with the assistance of ampliiphilic alcohols. 5 and several organic and
inorganic crystals with "tailor-made" monolayers. 6
References
1.
2.
3.
4.
5.
6.

D. Jacqucmain ct ai. Angew.Chcm.Ini.Ed.Engl. 3J_, 130-152 (1992).
J. Majcwski, ct ai. Science, in press; L. Margulis. work in progress.
F. Lcvcillcr. D. Jacqucmain.
L. Lciscrowitz. K. Kjacr, J. Als-Niclscn,
J.Phys.Chcm. £6, 10380 (1992). '
E. Landau ct ai. Pure Appl.Chcm. 6J_, 673 (1989).
R. Popovitz-Biro et al.. J. Am. Chcm, Soc. in press.
I. Weissbuch et al.. J. Phys. Chcm.. in press
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Crystal-like growth of bacterial colonies
Eshel Ben-Jacob and Ofer Shochet
School of Physics and Astronomy
Raymond and Beverly Sackler Faculty of Exact Sciences
Tel Aviv University, Tel Aviv 69978, Israel
We present experimental and theoretical study of growth of bacterial colonies
under restricted environmental conditions. The bacterial colonies exhibit patterns
similar to crystals and to snowflakes as anisotropy is presented in their environment.
Moreover, as the growth conditions are varied, a transition from convex to concave
envelope of the pattern is observed. This transition is similar to the transition observed in non-living systems and it may indicate the existence of a selection principle
for the growth morphology. Numerical simulations of a generic model for the growth
shows similar behav'or.
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Numerical Simulation of the Phase-Field Model in the Large
Undercooling Limit: Study of the Morphology Diagram
Raz Kupferman, Ofer Shochet and Eshel Ben-Jacob
School of Physics and Astronomy
Raymond and Beverly Sackler Faculty of Exact Sciences
Tel Aviv University, Tel Aviv 6997S, Israel
We present a numerical study of asymptotic late stage growth in a phase-field
model denned by
Au) ,
and

at

After a long transient time the patterns are independent of initial conditions, and
have a well-defined shape-preserving envelope which propagates at constant velocity.
To distinguish between implicit and explicit anisotropies, a model with explicit fourfold anisotropy is solved on a triangular lattice. Distinct morphologies are observed,
characterized by the envelope shape and by their constituent stems (dendrites, paritybroken dendrites or tip-splitting fingers).
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ID GROWTH OF A SOLID GERM FROM AN UNDERCOOLED
MELT: AN ANALYTIC SOLUTION TO A CONTINUUM MODEL
WITH LINEAR INTERFACIAL KINETICS
Ch. Charach* ami B. Zaltzman"
Center for Energy and Environmental Physics. .1. Bln.ust.rin
Institute for Desert Research. Ben-Gurion University of
the Negev, Sede-Boqer Campus 84993. Israel.
Planar solidification of a pure substance from an underroolcd melt is addressed
within a continuum model with linear inferfacial kinetics. Using; the licit, balance integral method, we develop an approximate analytic solution for unconstrained growth of
a solid germ of infinitesimal initial thickness. The temperature field ahead of the phasechange front is modeled by using the boundary layer approximation, suggested recently
in [1]. This solution extends the asymptotic analysis, given in [2]. to the transient
regime. The emerging physical picture is stated in terms of the evolution characteristics of the solidification front, and those of the thermal boundary layer. The analytic
results agree reasonably well with the numerical solution of the problem both for the
diffusion-limited growth and for the kinetics-controlled process. At, the crossover from
the diffusion to the kinetics-limited regime the present solution supports the qualitative
conclusions of the phase-field model [3], concerning the long lived transients.
PACS 61.50C - Physics of crystal growth.
References
1. J.M. Warren and J.C. Langer, Phys. Rev. E47, 2702 (1993).
2. Ch. Charach and B. Zalt/man. Phys. Rev. E47, 1230 (1993).
3. H. Lowen. .1. Bechhoefer. and L.S. Tuckerman. Phys. Rev. A45. 2399 (1992).
* and Department of Physics, Ben Gurion University of the Negev. Beer-Sheva.
Israel.
** and Department of Mathematics and Computer Science, Ben Gurion University
of the Negev, Beer-Sheva, Israel.
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TRANSIENT PROCESSES and FLEXIBLE MODEL for CRYSTAL PULLING
SIMULATION, ADAPTABLE TO DIFFERENT CRYSTAL GROWTH

TECHNOLOGY.
CRYSTAL QUALITY and GROWTH AUTOMATIC CONTROL SYSTEM
OPTIMIZATION
V. Nceman
Jerusalem College of Technology, Israel
Experimental investigations of the crystal interface dynamics were made in dielectric
crystals Crystallization rate distribution and interface shape evolution were measured after
growth of crystal by optical methods on the special optical installation These data lead to the
concept of simplification of a mathematical model of the dynamics of a crystal-melt system.
Model of growth process is based on the solution of kinetic equations of heat and mass
transfer for the case of intensive convection in the melt and the heat transfer serving as a moving
force. The model proves most adequate for pulling optics and semiconductors crystals using
Czochralsky and Kyropoulos techniques

The variation of temperature, pulling rate,

crystallization front shape are considered as variables for crystal growth with nonplanar interface.
The crystal radius, crystallization rate and impurity segregation kinetics at different transient and
relaxation processes are represented and discussed

The automatic control configuration and

regulators parameters for crystal growth stability also analyzed The model realized as a PC
program that makes it possible, in each particular case, to quantitatively estimate the transient
process parameters.
Adjustability of the model reached by using of experimental parameters which can be
measured in the real crystal growth process, using a regular growth equipment. This simulation
procedure can be used step by step to build of the technological process of crystals product from
the choose of a termocondition of growth to the choose of the automatical control system
parameters.
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NIOBIUM AND TANTALUM COMPOUNDS FROM INDUSTRIAL SCRAP
Anatoly Agulyansky, Ludmila Agulyansky and Leah Gal-Or
TAN Ceramics Ltd. (TEIC - Technion Entrepreneurial Incubator Co. Ltd.), Gutwirth Park,
Technion City, Haifa 32000, Israel.
Niobium and tantalum oxides are used in electronic and optic industries for optical glasses,
ceramic dielectric materials, piezoelectric and electrooptic devices. For example, lithium
niobate and lithium tantalate are well known ferroelectric materials, applied as single
crystals plates for optoelectronic and acoustoelectronic devices.
Flexible technologies for production of several kinds of niobium and tantalum compounds
from industrial scrap are developed in TAN Ceramics Ltd.
The technology is based on methods of fluorine chemistry and consists of decomposition
and preliminary purification of the industrial waste in order to obtain a solution for chemical
purification. Purification by extraction methods in order to obtain pure fluoric solutions
containing the metal (niobium or tantalum) and precipitation of various compounds hydroxides, oxyfluorides or complex fluoride compounds are subsequently carried out.
After drying or calcination, the powder compounds are ready for applications.
By these methods complex fluorotantalates and fluoroniobates are obtained as small crystals
(about 0.5-1.0 mm) with a purity of up to 99.99%. Tantalum oxide is produced as a
powder with particle size less than 0.5 u;ni and purity from 99.5-99.99%.
Tantalum oxide powder produced by the above mentioned technology is suitable for
shaping and sintering, and is being used for the production of ceramics with high density
(93% ruin) that can be used as refractory ami chemically inert materials.
Ceramic plates can be used as well as sputtering targets for physical vapour deposition of
thin films.
The most important application of high purity tantalum oxide powder is preparation of
lithium tantalate powder that is being used for single crystals growth by Chohralsky
method.
The main advantages of the technology elaborated are flexibility and low cost. Metal scrap
as well as any kind of non-metal waste containing niobium or tantalum (oxides, niobates or
tantalates, slieces of single crystals) can be used as raw materials.
The main chemical features of the technology arc discussed, and samples of powders and
ceramics are presented.
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NEW PYROELECTRIC CRYSTALS OF M,NbOF1I( (M=Rb.K)
J

IB

Anatoly Agulyansky (*) and Jean Ravez (**)
* TAN Ceramics Ltd. (TEIC - Teclinion Entrepreneurial Incubator Co. Ltd.)
Gutwinh Park. Technion City, Haifa 32000, Israel.
** Laboratoire de Chimie du Solide du CNRS. Universite Bordeaux I, 351,
cours de la Liberation - 33405 Talence. France.
Powders of M 5 NbOF |8 (M=Rb,K) were prepared by hydrofluoride method and single
crystals of some mm have been grown from HF solution. The tetragonal crystallographic
network is built up from infinite (NbOF4)' chains running along the c-axis, isolated NbF ? 2
groups and Rb+(K+) cations. The room temperature space group is I4cm.
Powders, ceramics and single crystals have been studied by various methods: x - ray
diffraction, miciocalorimetry, Raman scattering spectroscopy, optical (birefringence),
dielectric, pyroelectric and piezoelectric measurements in the temperature range of 300650K.
A reversible second order phase transition has been shown at about 490K which is related
with the change of dilatation mechanism.
A Raman study has been earned out on single crystals using various scattering geometries.
The assignment of vibiationai modes belonging to Raman active polar modes have been
done. The most striking feature concerns the TO-LO splitting connected with the Nb-0
stretching mode (Aj symmetry) polarized along the c-axis. The TO-LO splitting has been
evidenced in the whole temperature range investigated thus showing that the high
temperature phase remains polar. The investigation of the physical properties has shown
that the crystals are piezoelectrics, pyroelectrics and ferroelectric relaxors.
The main physical properties at room temperature are shown below.
Lattice Constants (A), a,b Density (Z=4) (gr/cm') Dielectric Constants, £33/eQ (1KHz)
(1MHz)tan5 (along Oz)
(1KHz)(IMHz)Pyroelectric coefficient (nC/cnrK) Frequency constant, N=f 1 (Hrm) Velocity of sound, V (m/s)
Coupling Factors, k (%)
Piezoelectric coefficient, d,3 (10, • 1 2 C/N) Elastic compliance , s13 (10 ' 2 rrr/N)
Youngs Modulus. Y (101" N m : ) Mechanical quality, Q

14.941(3), 7.718(1)
3.21(1)
25(5)
15(5)
0.6(2)
0.03(2)
1.8 (3)
1670(50)
3300(100)
33(2)
25(5)
30(2)
3.5(2)
7(2)

15.491(3). 7.759(1)
3.74(2)
27(5)
15(5)
0.5(2)
0.05(2)
1.7(3)
1500(50)
2800(100)
23(2)
20(5)
33(2)
3.0(2)
9(2)
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SINGLE PYRAMID GROWTH AND DOMAIN STRUCTURE
OF KTP CRYSTALS PULLED IN <100> DIRECTION FROM
HIGH-TEMPERATURE SOLUTIONS
N. Angert, L. Kaplun, M. Tseitlin and E. Yashchin
The Research Institute, College ofJudea and Samaria, Ariel 44820
and
M. Roth
School of Applied Science, The Hebrew University of Jerusalem, Jerusalem 91904
Potassium Titanyl Phosphate (KTP) crystals have emerged as the best choice for
efficient nonlinear optical applications, including bulk devices and surface waveguides.
All applications require crystals of high optical quality, increased volume and lower cost.
In this work we describe our recent progress achieved in processing of KTP crystals.
KTP single crystals have been grown by the top-seeded solution growth technique
by seeded pulling from highly concentrated K^P^O^ flux with saturation temperatures
of 1000-1030°C (above the Curie temperature). Use of <100>-oriented seeds has been
found to yield single pyramid growth with a planar solid-liquid interface, 90% of which
are made up by the (100) facet. Linear growth rate of up to 3mm/day (twice as high as in
previously published data) has been achieved. Useful crystal volumes of about 10 cm 3
have been routinely obtained. Optical and microscopic characterization has demonstrated
the complete absence of inclusions and striations in all crystals grown.
Growth above the Curie temperature inevitably results in multidomain crystals. A
typical bulk bidomain structure, with the domain boundary closely parallel to the (001)
plane, surrounded by a 0.5-2.0 mm thick layer of surface domains has been revealed in all
as-grown crystals using piezoelectric and chemical etching techniques.
A new method of domain inversion in KTP crystals involving solely hightemperature treatment, both above and below the Curie temperature, has been
developed. The sign of the domains may be controlled by the choice of ambient
treatment atmosphere, either air or KTP crystalline powder vapor. The time-temperature
dependencies of the inverted domain layer thicknesses have been studied and found to
exhibit a diffusional character. This complex method combining high-temperature growth
and thermal annealing is promising in terms of the possibility to obtain large-size single
domain KTP specimens for nonlinear optical applications.
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Development of Lead Iodide (Pbltf Nuclear Radiation Detectors.
V. Deich, M. Roth and J. Nissenbaum

The Fredy and Nadine Herrmann Graduate School of Applied Science
The Hebrew University of Jerusalem

Lead Iodide (PbPj) is a layered semiconductor recently considered as a promising
material for room temperature gamma or X-rays detection. It is a layered compound
crystallizing in a hexagonal (Brucite type) structure. High atomic numbers (Pb - 82,1 53) of the constituent elements assure a high stopping power for nuclear radiation.
Pbl2 has a 2.55 eV energy bandgap, wider than any of the other compound
semiconductors (1.44 to 2.13 eV). High resistivity ( > 1 0 ^ ohm cm ) guaranties foil
depletion of a crystalline wafer leading to efficient charge collection Drift mobilities of
electrons and holes, 8 and 2 cm^/v-s, seem to be low but still in the useful range.
The basic technique chosen for crystal growth was the zone melting method where
horizontal zone-refining furnaces have been utilized. This technique was successfully
employed by us for purification of the starting Pbl2 material and for consequent
growth of single crystals in the same ampoule. The material obtained after melting and
zone-refining was also used to grow single crystals of PW2 by the Bridgman method.
This method was used for single crystal growth only.
PW2 detectors were tested with y-ray isotope sources, namely ^Fe (5.9 keV)
and

241

A m (59.6 keV)Energy resolutions (FWHM) of 2.05 keV and 2.6 keV have

been obtained for the above mentioned isotopes respectively. The electronic noise was
high, about 1.6 keV. The noise was determined by a separate measurement using a
pulse generator.
The principal kinetic parameters of charge carriers, namely the (mobilityXl'fetime)
product, ux, has been determined for both electrons and holes: u.Te=2.5 cm^/V and
|iTh=2.1 cm^/V. The lifetime of carriers is limited by the existence of electronic traps.
Preliminary I-V measurements and calculations based on Lampert's theory of SCLC
indicate that the density of traps is 1.6* 1 0 ^ cm" 3 for the majority charge carriers.
Current results show for the first time the feasibility of obtaining PW2 nuclear
detectors for the entire X-rays range. Further development of Bridgman-grown crystals
is needed to improve the charge transport properties of carriers in PW2 crystals.
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GROWTH OF P-BBO SINGLE CRYSTALS FROM BBONaF SOLUTION.

D. Periov and M. Roth
School of Applied Science and Technology, The Hebrew University of Jerusalem,
Jerusalem 91904, Israel

p-barium methaborate (BaBj^A

or

BBO) is a new material exhibiting excellent

nonlinear optical properties. Large third-order optical susceptibility, wide transparency
range and high damage threshold make this material very attractive for UV second
harmonic generation (SHG) of visible light, optical parametric amplification and electrooptic Q-switching.
The melting point of BaB2O4 is 1095 °C. However, its high-temperature a phase is
not useful for nonlinear optical applications. The low temperature p phase can be obtained
below the <x-P phase transformation temperature of 925 °C, which implies the necessity of
solution growth, e.g. by the top-seeded solution growth (TSSG) method. Numerous fluxes
were checked to reduce the melting point of the solution, namely Na2O, NaCl, BaF, CaF
and others. In spite of some recent publications on

growth of P-BBO from BBO-NaCl

solutions, TSSG method using Na2O as a flux is now the most common way to produce
large BBO single crystals of good optical quality.
Hereby we suggest a new flux for BBO growth using the TSSG configuration, namely
sodium fluoride (NaF). The BBO-NaF solution has been investigated in detail and its
pseudobinary phase diagram has been determined. The main physical properties of the
solution, such as viscosity and density, have been measured as a function of temperature
and composition. A comparison with the growth from BBO-Na2O solution has been
carried out. Advantages of the NaF flux over Na2O have been demonstrated, including
lower viscosity and higher theoretical growth yield.
Large and transparent BBO single crystals up to 40 mm in diameter and 35 g in weight
have been grown. Preliminary experiment of SHG using 1.06 urn Nd.YAG laser have
resulted in efficient generation of green light.
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Transparent Y2°3

Produced b

Y Powder Technology Route

0. Yeheskel, M. Levi, D. Kalir, A. Venkart, G. Ben Amar
Nuclear Research Centre Negev
P.O. Box 9001 Beer Sheva Israel
A. Goldstein, R. Fisher
Israel Ceramic and Silicates Institute

Four different Y?O_ powders were studied in order to achieve
transparent polycrystalline material. Two different proprietary
treatments
were
employed
to these powders, prior to the
densification by Hot Isostatic Pressing (HIP) in the temperature
range of 1300-1350°C.
Materials of 1 mm thick has transparency of up to about 75% in
2.5-6jxm IR. range and in the visible it exceeds 40%.
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MOCVD GROWTH OF CdTe on HgCdTe
by

N.Amir .Y.Nemirovsky
Kidron Microelectronics Research Center
Dept. of Electrical Engineering
Technion-lsrae! institute of Technology
and
E.Weiss , N. Mainzer
SCD-Semi-Conductor Devices
Dept.99, P.O.Box 2250, Haifa 31021, Israel

CdTe epilayers are grown by Metal Organic Chemical Vapor Deposition
(MOCVD) on bulk HgCdTe crystals with x~0.22 grown by traveling
heater method (THM).The THM HgCdTe substrates are (111) oriented
and the CdTe is grown on the Te face. The metalorganic sources are
DMCd and DETe, and the growth is performed at subatmospheric
pressure. UV photon-assisted hydrogen radicals pretreatment plays a
dominant rcla in the electrical properties of the resulting
heterostructures.
The effect of the MOCVD growth parameters on the resulting
heterostructures are studied. These include the deposition temperature,
deposition duration, partial pressures of the metalorganic sources,
partial pressure of mercury and UV pretreatments.
The heterostructures are characterized electrically by Metal-lnsulatorSemiconductor test structures. The crystallinity is characterized by
DCRC (double crystal rocking curves) measurements. The Auger depth
profile of the hetero-interface is compared for several growth conditions.
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OMCVD OF HIGHLY - TEXTURED HIGH
SUPERCONDUCTING BSCCO AND YBCO THIN FILMS
FROM SINGLE - SOURCE POWDER PRECURSOR
V.Beilin, M. Schieber, H. Hermon Y. Yaroslavsky, V. Burtman
School of Applied Science and Technology The Hebrew University of Jerusalem,
Jerusalem. ISRAEL

The OMCVD method is very promising for the preparation of highly textured
high-Tc, superconducting (HTS) films for microwave and microelectronics application
due to its capability of large area deposition, high uniformity and wide range control of
growth rate. Several separate organometallic sources and appropriate vapor lines are
usually used in OMCVD reactors. Recently several attempts were made to deposit
highly textured thin HTS YBCO films using cold-wall reactors with single-source
metalorganic precursors[l][2].
We have developed a new OMCVD method providing flash evaporation and
pulsed deposition of thin HTS films that uses a hot-wall reactor with single source
mixed powder precursor inserted intermittently (in pulsed mode) or continuously into
the evaporation zone of a hot wall reactor. The control systems for temperatures, gas
flows and precursor movement velocity provides wide range regulation of deposition
parameters The P-diketonates-chelates Sr(THD)2, Ca(THD)2, Cu(THD>2, Y(THD)3,
Ba(THD)2 and BKCgHs^ were used for the BSCCO, YBCO and BCCO (precursor
for the TBCCO film preparation) thin film deposition. N2 and O2 were used as carrier
and reactive gases respectively. Theelectromechanical driving system controlling the
precursor (packed in a capillary) movement was synchronized with the gas flow
control system (in pulsed mode). XRD, SEM, XRF, EPMA and dc four-point probe
and ac-inductive methods were used for the film structure, composition, electrical and
magnetic characterization.
Highly textured (c-axis) films of BSCCO were formed in situ during the
deposition and cooling cycle. In situ post annealing in an oxygen containing
atmosphere is used to form textured YBCO thin films. Data on structure and
superconducting properties of the films deposited by this new method are presented.
The results demonstrate that the new system yields in situ formed highly textured HTS
thin films of YBCO, BSCCO and TBCCO.

[1] R. Hiskes, S. Dikarolis , L.J Young et al, Appl. Phvs. Lett 59, 606 (1991)
[2] S. Matsuno, F.Uchikawa, S.Utsunomia et. al, Appl. Phys. Lett., 60, 2427 (1992)
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Te-planar-doping in GaAs grown by organometallic
vapor phase epitaxy
M.Blumin, R.Sarfaty and D.Fekete

Department of Physics, Solid State Institute and Advanced Optoelectronic
Research Center,
Technion, Israel Institute of Technology,Haifa 32000, Jsrael
Te-planar-doped GaAs structures were grown by organometallic vapor phase epitaxy.
Experimental details of the growth are enclosed. We report about C-V -measurements
and measurements of the Hall density and mobility of several samples. It is shown
that OMVPE of Te-planar-doped GaAs allows to grow narrow doping profiles, which
are described by Dirac-delta function.

Electron mobility and concentration

dependence upon temperature show that electrons in the planar-doped structure form
a two-dimensional state. Electronic properties of a Te-planar-doped structure are
compared with a Si-planar-doped structure grown by Molecular Beam Technology.An
extremely high mobility at T=77K is present.
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CHEMICAL VAPOR DEPOSITION METHODS for THE PREPARATION of
RADIOACTIVELY DOPED THIN FILMS
M. Paz A.D.A P.O.B 2250, HAIFA 31021, ISRAEL

Abstact
Perturbed Angular Correlation spectroscopy (PAC) is an important nuclear technique for
measuring defects in metals, alloys and defects and dopant interactions in semiconductors.
The technique is based on introducing a small amount of radioactive probe atoms into a
solid. The probe atoms have special nuclear properties, like unisotropy - cascades, long
intermediate quantum level lifetimes and large nuclear electric quadrapoles. The PAC
technique is well known and there are no problems in characterizing materials. The main
problem is to have the samples radioactively doped. This problem is extreme especially in
thin films. To have high quality samples, with adequate amounts of probe atoms which
are homogeneously distributed in a sample, it is necessary to develop a special technique.
One of the most common techniques used to prepare thin films is the Chemical Vapor
Deposition (CVD) method. By CVD, it is possible to prepare a very large number of thin
films with different compositions. The problem is to introduce the probe atoms onto the
films. This poster presents the development of a method for preparing radioactively doped
thin films. The method is a Low Pressure Chemical Vapor Deposition(LPCVD) method
wherein the source materials can be in a very wide variety, as a function of the desired thin
film.
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PACVD O F TiN: STUDIES O F THE DISSOCIATION OF TiCl 4 IN
DIFFERENT PLASMAS.
A. Rochman, R. Perlman.
Motorola Communications Israel, Tel - Aviv, Israel.

Owing to their hardness, chemical stability, and optical properties, thin films of
titanium nitride are of interest for a large range of different applications. They are
of use as wear resistant, decorative, and optical coatings, and can also be used as a
diffusion barrier in VLSI circuits.

There are many techniques used for TiN

deposition, but the technique known as PACVD (Plasma Assisted Chemical
Vapour Deposition) was the one chosen for our investigation.

Titanium

tetrachloride was used as a precursor for the deposition of TiN in 2.45 GHz
microwave plasmas of different gas mixtures. TiCU dissociation was investigated
at fixed distances along a reactor. From the interpretation of the mass spectrometric
data we obtained information regarding kinetics of the TiCLt dissociation in the
plasma bulk, as well as information concerning heterogeneous reactions between
the plasmas and pyrex walls of the reactor, and between the plasmas and stainless
steel electrically grounded grid.

From the data obtained by Double Floatir^

Electrostatic Probe (DFP), thermo-couple and mass spectrometer the correlate',
between the temperature of the sample, electron density of the plasma and
maximum etching rate of the deposition was found.
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Pulsed high power quantum well laser using a self
discriminating single transversal mode in an asymmetric
multi-mode waveguide

I. O. Lelong, M. Blumina, R. Sarfaty and D. Fekete
Department of Physics, Solid State Institute and Advanced Optoelectronic Research
Center, Technion, Israel Institute of Technology, Haifa 32000, Israel

I. Samid and M. Yust
S.C.D. (Semi-Conductor Devices), 99, P.CXBox 2250, Haifa 31021, Israel

A new self discriminating asymmetric waveguide (SDAW) separate confinement
heterostructure, semiconductor quantum well laser is presented. The new structure is
based on a wide multi-mode optical waveguide that reduces the optical power density
on the lasers mirrors, to produce higher maximum output power. Modal
discrimination is obtained by making the waveguide structure asymmetric and by a
proper positioning of the quantum well. A strained InGaAs QW laser emitting at
0.96 urn reached a record high power operation as high as 31 W at 50 A with a 24°
beam divergence in the direction perpendicular to the junction plane, in pulsed
(230 nsec, 3-5 kHz) operation. The structure presented here is only one example of a
*
SDAW structure, which offers simplicity in planning, together with flexibility in the
choice of the QW, thus, the wavelength.
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High Performance GaAs/AlGaAs Quantum Well Infrared
Photodetectors Using Dry-Etch Random Grating Reflectors
G. Sarusi, B.F. Levine, S.J. Pearton, and R.E. Leibenguth
AT&T Bell Laboratories
Murray Hill, NJ 07974, USA

Long wavelength infrared detectors based on n-doped (Si)
AlGaAs/GaAs quantum wells (QWs), lattice matched to GaAs substrates, are viable candidates for high resolution, low cost
detector arrays. This is due to the demonstrated large area
uniformity and the mature processing technology of GaAs. These
n-type QWs, operating between subband states, offer the greatest
values of detectivity, mainly because of the electrons' low
effective mass. But, according to quantum mechanical selection
rules, infrared absorption is possible only when the electric
field of the IR radiation has a component that is perpendicular
to the QWs' layer-plane. Thus, the angle of incidence with
respect to the QWs 1 plane must differ from zero. This drawback
can be obviated with 45° polished edge detectors; ID and 2D
gratings are also commonly used for light coupling. Nonetheless,
even with an optical cavity, gratings can achieve only two
optical passes through the QWs' absorbing region before the beam
is diffracted out of the substrate.
In order to increase the number of optical passes, and hence the
quantum efficiency of the detector, we have developed a novel
random grating reflector (RGR). This reflector is made by using
two stages of dry etching on the GaAs cap-layer, grown continuously on top of the quantum well structure, and by using two
AlGaAs stop-etches. A systematic study to optimize the random
scattering efficiency was performed by varying the RGR parameters: feature size and shape, etching depth, etc. As a result,
an increase of nearly an order of magnitude in the responsivity
and detectivity was obtained at normal incidence, as compared
with the usual 45° illumination conditions. This technique was
implemented for very long wavelength QW IR detectors (peak
wavelength betwenn 15 and 17.5 pm) that are being developed for
space applications.
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High Quality V-Grooves Formed on GaAs Substrates
by In-situ Thermal Etching
D. Scheiner, I. Bar-Joseph, M. Heiblum
Braun Center for Submicron Research,
Dep. of Condensed Matter Physics,
Weizmann Institute of Science,
Rehovot 76100, Israel
The Vapid advancements in the field of nanostructure fabrication has, in recent years, enabled
implementation of structures with quantum confinement in two and three dimensions. New
devices and applications based on quantum mechanical properties are expected to become
feasible with the improvement of these techniques.
Use has been made of epitaxial growth techniques to form one-dimensional quantum wires on
non-planar GaAs substrates with true heterojunction confinement in both lateral directions.
These attempts have suffered from problems associated with contaminants and defects on the
substrate surface requiring thick buffer layers to be grown before formation of the
confinement layer. This can wash out the sharp crystalline etch profiles needed to achieve
growth of narrow wires.
Thermal etching of GaAs substrates has been demonstrated as a means of removing layers of
material in situ before deposition of additional epitaxial layers. The etching is performed by
controlled heating the of the substrate in an arsenic atmosphere in a UHV system. An
important advantage of this in situ process is in preventing contamination of the surface of the
grooves during etching. This should enable growth of one dimensional quantum wire
structures in the corner defined by the accurate crystal planes.
We have shown that etching (001) substrates through a SiO2 mask with lines along the (Oil)
axis can result in anisotropic etching and formation of well defined V-grooves with ( l l l ) A
crystal planes, similar to chemical etching. In high resolution SEM micrographs the surface of
the etched grooves is seen to be very smooth even though the mask used for the groove
definition is relatively rough. The bottom corners of the grooves appear extremely sharp.
The etch rate perpendicular to the slopes is an order of magnitude slower than the vertical
etch rate, enabling use of over-etching as a means of achieving maximum smoothness on the
slopes without suffering from large mask undercut. The smoothness is then limited only by
the general alignment of the photolithographic mask to the (Oil) axis of the substrate.
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NANOSTRUCTURAL AND NANOCHEMICAL INVESTIGATION OF LUMINESCENT
PHOTOELECTROCHEMICALLY ETCHED POROUS n-TYPE SILICON
Ana Albu-Yaion1", S. Basiide1, Daniele Bouchet2, Nathalie Brun2,
C. Colliex2 and Claude Levy-Clement1

1

Laboratoire de Physique des Solides de Bdlevuc, CNRS, UPR 1332, 1
place Aristidc Briand, 92195 Mcudon. France.

2

Laboratoire de Physique des Solides, Atsccie au CNRS : URA 002,
baiiment 510, University Paris-Sud, 9!405 Orsay, Franc.;.

*

Permanent address: ARO, The Volcani Centre, ?OB 6, Del Dagan 50250,
Israel.

Abstract

Porous silicon obtained on n-type silicon by phoioelectrochemical etching in HF is formed
of a nucroporous silicon layer recovered by a nanoporous silicon layer, microstructural
investigation and chemical analysis ai ihe atomic level of the nanoporous silicon film (obtained
from a highly doped (100) oriented Si substrate) have been done by high resolution transmission
microscopy (HRTEM) and electron energy loss spectroscopy (EELS) using a scanning
transmission electron microscope (STEM).
We found that the nanoporous Si consists of a regular Si macroarray with triangular
geometry. Nanometer-size tangle sires are contained and attached to the macroarray. HRTEM
images clearly demonstrate the existence of quantum-sized Si wires made of & crystalline core
covered with an amorphous layer.
Electron energy loss spectia (EELS) have been recorded for all positions of the incident
probe acrois quantum-sized Si wires. The results obtained as well in the low-loss region as on
the Si-2p edge have been compared with those recorded on reference specimens (Si/SiO*
interface or hydrogenated Si sample), ll clearly demonstrates that the models proposed to explain
the visible luminescence, which involve the presence of foreign species such hydrogen or oxygen
atoms on the surfaces, can be ruled out. Our results therefore support the. interpretation of the
photoluminesccnce in nanoporous Si in terms of quantum-confinement models.
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NUCLEATION MECHANISMS OF NANOCRYSTALLINE CdSe
AND PbSe FILMS
Sasha Gorer and Gary Hodes
Dept. of Materials and Interfaces, Weizmann Institute, Rehovot 76100.
Chemical solution deposition (CD) of chalcogenide semiconductors can proceed
through at least two different mechanisms: formation of a metal hydroxide (or
' hydrated oxide) followed by conversion of the hydroxide to the chalcogenide or what
is commonly termed 'ion-by-ion' deposition of the semiconductor on a substrate. The
former mechanism is normally associated with the presence of a visible hydroxide
suspension in solution.
We have found that there is a well-defined ratio between the complexant (used to
adjust the free metal ion concentration) and metal ion concentrations, Re, where the
nanocrystal size changes, although this size is independent of the ratio either below
or above Re- This change in size - typically 100% - was seen by the large change in
the optical spectra of the films, which are very sensitively dependent on crystal size
due to the quantum size effect. Also, below R c , coloring of the deposition solution
and eventual bulk precipitation of the semiconductor occurs while above Rc, only
deposition on the substrate (and other exposed surfaces) occurs and the solution
remains clear and colorless.
Optical spectra of CD CdSe and PbSe films were correlated with crystal size
measurement (by XRD peak broadening and direct TEM imaging) using theoretical
models which describe the dependence of band-gap on nanocrystal size.
This sharp change in crystal size indicates a change in the nucleation and
deposition mechanism although no hydroxide formation was visible. Since we
suspected the presence of solid metal hydroxide when the complex : metal ratio was
less than Rc, presumably in the form of a colloid not visible to the eye, we measured
optical absorption spectra of the deposition solutions without the Se precursor
(selenosulfate). Spectra of these solutions in the UV region showed the presence of
the metal hydroxides below R c and none above Rc. Also, the value of R c is
temperature dependent, and R c measured from optical spectra and the complex :
metal ratio where the hydroxide colloid just ceased to exist were identical at all
temperatures. The temperature dependance could be explained on the basis of
changes in the complex stability constants and of the pK of water with temperature.
In conclusion, we show that the mechanism of chemical deposition of metal
sulfides and selenides occurs by conversion of a colloidal hydroxide species when
the complex : metal ratio is below R c and by a ion-by-ion nucleation above Rc.
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FIBRONECTIN ADSORPTION TO SURFACES OF HYDRATED CRYSTALS.
AN ANALYSIS OF THE IMPORTANCE OF BOUND WATER IN PROTEIN-SUBSTRATE
INTERACTIONS.

Dorit Hanein+ , Benjamin Geiger+ + , and Lia Addadi + .
Depts of Structural Biology"1" and Chemical Immunology4+ , The Weizmann Institute of Science,
76100 Rehovot, Israel.

The structural features, the chemical properties and the organization of biological interfaces
play a fundamental role in biological interactions, often mediated by a layer of adsorbed
proteins. In particular, receptor-mediated binding of cells to the surface of solid substrates,
requires a layer of adsorbed "adhesive proteins", which are responsible for various cellular
phenomena, commonly referred to as "anchorage dependence".
We have shown that fibronectin, one of the major cell-adhesion promoting proteins, is
adsorbed with markedly different affinities to the organized surfaces of different crystals,
containing a controlled and known amount of surface-bound water molecules (Hanein et at 1993).
Fibronectin adsorbed maximally to the purely ionic surfaces of calcite, that do not include lattice
water molecules. It did not adsorb at all on the prevalent faces of brushite, that expose to
solution a continuous layer of structured lattice water. In other systems including calcium (R,R)tartrate tetrahydrate and calcium fumarate trihydrate, fibronectin adsorption gradually decreased
as the amount of lattice water molecules on the crystal surface increased.
It is thus apparent that the presence of surface bound water may be instrumental in
modulating protein adsorption to surfaces. The use of crystals as substrates permits to reach
clear-cut conclusions on the molecular requirements for protein adsorption to surfaces, that
were not accessible with conventional substrates.

Hanein, D., Geiger B. and Addadi L. (1993). LangmuirS , 1058-1065.

SELECTIVE INTERACTIONS OF CELLS WITH CRYSTAL SURFACES:
IMPLICATIONS TO THE MECHANISM OF CELL ADHESION.

Dorit Hanein+, Helena Sabanay

+

, Benjamin Geiger

Depts of Structural Biology* and Chemical Immunology
76100 Rehovot, Israel.

and Lia Addadi+.
, The Weizmann Inslifute of Science,

We investigated the molecular mechanisms underlying cell-substrate recognition and
binding, using as specific adhesion substrates various crystals, including calcite and calcium
lartrale tetrahydrate crystals. The use of crystals as substrates was motivated by their well
established chemical nature and structurally defined homogeneous surfaces, that allows (he
analysis of parameters relevant to adhesion at the molecular level.
Our results support the notion that even limited variations in the surface atomic structure
may have profound effects on its capacity to induce celt adhesion and spreading. Calcite
crystals, which posses one face type {104}, binds A6 Xenopus laevis epithelial cells rapidly and
efficiently, most likely via surface adso. bed proteins. The two distinct faces of the same crystal,
calcium (R,R) -tarirate tetrahydrate, greatly differ in their capacity to serve as adhesive
substrates. The {011} faces, were highly adhesive for cells leading to protein-independent
attachment and spreading followed by cell death. In contrast, cejl adhesion to the other
surfaces of the same crystals, {101}, was slow ( >24 hrs) and apparently mediated by
RGD-containing protein(s)1. Thus two structurally distinct faces of the same crystal, built of
chemically identical components, greatly differ in the induced attachment and spreading
mechanisms. Furthermore, crystal surfaces that are structurally identical, but related by mirror
symmetry, had different adhesive potential. A comparison between the adhesive potential of the
{011} crystal faces of the (R.R)- and (S,S)-calcium tartrate {the two enantiomers), indicate that
cell adhesion to solid substrates may be sensitive not only to surface organization but even to
molecular parameters and chirality2.
Cell adhesion may be viewed as composed of an initiation process involving relatively rapid
local interactions, Followed by an extension step, that requires major cytoskeletal reorganization
and recruitment of specific receptors. We propose that the use of crystal substrates may provide
the means to examine the two stages separately, by creating an artificially dense array of
selected epitopes. Interactions that are sparse in physiological substrates are thus amplified in a
homogeneous repetitive lattice. These studies may be relevant to the basic understanding of
some aspects of cell adhesion and indicate that the resolution of recognition towards solid
surfaces is at the level of Angstroms.

1. Hanein, D., Sabanay, H., Addadi, L. and Geiger B. (1993). Selective interactions of cells with
crystal surfaces. Implications to the mechanism of cell adhesion. J. Cell Sci. 104 ,275-288.
2. Hanein, D., Geiger B. and Addadi, L. From Pasteur to cell adhesion; Differential attachment
of cells to chiral surfaces (submitted).
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Giant Nested Fullerenes of Molybdenum and Tungsten
Dichalcogenide
R. Tennef L. Margulis, M. Genut, G. Salitra, and G. Hodes
Department of Materials and Interfaces, Weizmann Institute, Rehovot 76100,
Israel
The recent interest in fullerene chemistry has stimulated research
into associated polyhedral and cylindrical carbon structures. Up to now,
such closed structures have been confined to carbon or structures
containing carbon and metal (MET-CAR). We describe here closed
polygonal and cylindrical structures of tungsten and molybdenum
dichalcogenide (S, Se) layered semiconductors, prepared by heating thin W
(Mo) films on quartz in a chalcogen atmosphere*1). Transmission electron
microscopy reveals a variety of closed concentric polyhedral and
cylindrical structures varying in size from <10nm to several 100nm. The
closed nature of the crystals has been verified by electron diffraction and
lattice imaging. The crystals were found to be stable over an extended
period of time. STM study, carried-out elsewhere, confirmed the structure
of these fullerenes and established their semiconductor character. It is
believed that the crystals contain, besides atomic hexagonal rings, other
structural elements, such as pentagons, rhombii and triangles, which are
responsible for the different apex-angles occurring in these structures.
1. R. Tenne, L. Margulis, M. Genut, and G. Hodes, Nature, 360, 444 (1992); L.
Margulis, G. Salitra, M. Talianker, and R. Tenne, Nature, in press.
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Mixed monolayers for the design of
structured surfaces to induce oriented 3-D
crystallization

I.Weissbuch, J.Majewski, M.Lahav and L.Leiserowitz
Department of Materials & Interfaces
The Weizmann Institute of Science
76100, Rehovot, Israel

Mixed monolayers containing two different amphiphiles
C19H39CONHCH2CH2CO2H (A) and C19H39CONH2 (B) were
designed in order to form a two-dimensional (2-D) crystalline
solid solution in which the A-type molecules form domains
within the sea of B-type molecules. A "continuous" 2-D
arrangement of the aliphatic chains was expected, driven by the
amide hydrogen bonding requirement; a tendency for the
formation of the embeded A-type domains should be provided
by the interactions between the -CH2CH2CO2H head group
moieties. T he mixed monoiayers served to promote the oriented
nucleation of silver propionate 3-D crystals attached at the
monolayer-solution interface. Only the A-type domains induced
silver propionate crystallization whereas the B-type domains
were essentially inert. The mixed A+B monolayers were found
to be efficient.nucleators down to a 1:10 molar ratio, providing
proof for the existence of A-type domains. Additional
information as the structure and ion binding properties of the
mixed monolayers were furnished by specular X-ray
reflectivity and grazing incidence X-ray diffraction using
synchrotron radiation.
I.Weissbuch, J.Majewski, K.Kjaer, J.Als-Nielsen, M.Lahav and
L.Leiserowitz; J.Phys.Chem., in press.
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A STUDY OF THE MORPHOLOGY OF SINGLE CRYSTALLINE
SURFACES BY MEANS OF ATOMIC FORCE MICROSCOPY

M. Azoulay

Solid State Physics Department, Soreq Nuclear Research Center. Yavne
70600, Israel.

M.A. George and A. Burger

Center for Photonic Materials and Devices
Department of Physics, Fisk University
Nashville, TN 37208, U.S.A.

The Atomic Force Microscopy (AFM) is a new scanning method for three
dimensional, high resolution imaging of surfaces. It is particularly
advantageous, as compared to the electron microscopy (SEM, TEM), for
studying uncoated insulators and volatile materials in the ambient. In
this paper we demonstrate for the first time, the utilization of AFM
for studying the morphology of various high bandgap
semiconductors with high resistivity (>10
where

revealed

on

cleaved

(110)

II-VI compound

Qcm) . Atomic layer steps

surfaces

of

CdZnTe crystals

and

nanotwins with 20 nm width have been observed in CdMnTe. In the case
of Hgl_ crystals, which are soft, volatile and semi insulating, an
extensive

study

has

been

established.

As

grown

crystal

facets,

cleaved, exposed to vacuum, etched, aged in the ambient and palladium
coated sufraces were examined. Pbl_ crystals have shown high surface
stability in the ambient; atomic resolution could be achieved in this
material. Further, the micromorphology was correlated to several other
physical

characteristics,

photoluminescence spectra.

such

as

electrical

analysis

and

- 33 -

Computerized Shearing Interferometer System (CSIS)
for
Non-Contact Mapping of Specular Surface
L.Gerber and M. Blumenfeld
ISRAEL-OP Ltd. P.O.Box 7284 Ashkelon 78172
Phone: (972)-7-711852/3/4 Fax: <972)-7-711855

For both users and manufacturers of optical components, there is a need for
accurate mapping of specular surfaces at the accuracy of 7J2O or better. Because this
kind of accuracy can be achieved only with interferometric techniques, which can
accurately map large surfaces, commercial Fizeau interferometers are available
from a large number of manufacturers around the world. However, certain
limitations inherent in the Fizeau interferometer cause its users inconvenience.
With the introduction of the shearing interferometer, these inconveniences have
been overcome.
ISRAEL-OP Ltd has developed a commercial Computerized Shearing
Interferometer System—CSIS—which is capable of non-contact mapping of various
large surfaces (including flat, spherical and cylindrical surfaces) without the need
for comparison to a prefabricated, accurate surface as is required with the Fizeau
Interferometers (FI). This basic difference between the CSIS & the FI gives the
CSIS definite technological and economic advantages which are specified below.
The development of a CSIS was made possible by joining a known optical
phenomenon with a totally new, and lower cost, mechanical design. As the prices of
computers powerful enough to perform the rapid computation of complicated
mathematical formulas have become available, CSIS has become economically
feasible.
The Computerized Shearing Interferometer System consists of the
interferometer optics, a PC and a printer required for hard copy results.

-

34 -

DERIVATION OF ACCURATE UNIT CELL PARAMETRS IN POWDER
DIFFRACTION IN MULTIPHASE SYSTEMS

G. Kimmel, J. Sariel, I Dahan, S. Nathan and B. Sarusi
NRCN, P.O.Box 9001, Beer Sheva 84190, Israel

In the past the powder diffraction data where presented as received and the systematic
errors were utilized only for the derivation of the unit cell parameters. This attitude was justified
by the fact that the major work of XRPD made by Debye-Scherrer camera and it was assumed
that most users will receive the same systematic errors. Nowadays diffractometry took over and
the diffractometers do not have appreciable systematic errors, thus calibrated data are preferred.
There are many phases which can be used as standards but only four were selected, namely, Si,
Ag, W, and mica (FP), which can easily be received as pure substances, have not too many
diffraction lines and the distribution of intensities along 20 is good. The calibration is made by
fitting a polynomial which correlates the standard experimental peak positions versus the expected
(calculated) values. However, while on the one hand, the more peaks are taken, the better fitting
can be achieved, on the other hand using a standard with many peaks, enhances the probability for
interference with the examined specimen peaks. Thus, it was decided to determine the line
position by line profile fitting as was recommended elsewhere The difference of this method from
Rietveld analysis is that the PF is based on manually selected peaks without linking to other lines
through structural data. It was found that using this method yields more accurate unit cell
parameters for each individual phase in the polyphase mixture. Several systems will be
demonstrated in this work.
Introducing the line-profile-fitting as a normal routine for peak search enhanced the patterns
quality due to several reasons:
(a) It defines the peak shape and width which helps to reject noise or amorphous phases.
(b) It increases the spectrum resolution by resolving overlapped lines.
(c) Complete Ka, separation.
(d) Additional phases including the standard are well separated.
In this work some examples will be given.
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Mechanisms of Electrical Breakdown Processes in
Silicon Dioxide Films at High Fields
N. Klein
Solid State Institute and
Department of Electrical Engineering
The Technion, Haifa
Electrical breakdown m thermal oxides has been the subject of many
investigations in recent years. Breakdown over all ranges of observations
cannot be explained by a single mechanism [1,2], as is illustrated by
applying the the impact ionization-recombination breakdown model [3] to a
SiOa film free of charges at time t = 0. Current transients were calculated and the current density j/j o vs. normalized time for a lOOnm thick
oxide is plotted on the figure, below [2]. The parameter labeling the
curves is is the normalized applied field F/F,., where F t is the
critical field of the oxide. The curves have two ranges: For F/F,. < 1,
j first increases to settle down to some steady-state value after some
time t_. By contrast, current runaway and breakdown take place for F/F,. > 1,
the time to breakdown t D decreasing rapidly with increasing field.
Calculations of F,., t., t,., and of positive charge were found to agree
fairly well with observations in oxides thicker than lOnm. A discrepancy
arises though for F/F,. < 1, when the current does not become
stationary and decreases with time after a maximum. These breakdowns may
be caused by a large generation of defects, which may be of the order of
10 T *cnT 3 prior to destructive breakdown.
Considerable changes occur in the oxide during a constant current
test. A small fraction of electrons injected and crossing the oxide
produces pairs by impact ionization, or get trapped, or generate
defect-related electron traps. Such traps are generated at random
locations. Since the current is determined by tunneling through the
energy barrier at the cathode, traps present, or generated in the barrier
a few angstroms from the interface, can produce significant local changes
in current. Trap clusters have been observed experimentally. We offer the
conjecture that these clusters cause local current instability during
constant current tests, according to some stochastic model of breakdown.
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Eu+ 2 - Eu+ 3 Conversion in Europium-Doped LMA

H. Luria and S. R. Rotman
Ben-Gurion University of the Negev
Department of Electrical and Computer Engineering
P.O. Box 653
84105 Beer-Sheva, ISRAEL

La Mg Alj i O19 (Lanthanium Magnesium Hexaaluminate) is a promising solidstate laser and phosphor host.

In particular, it has been considered for

photoluminescent applications when doped with Eu+2.
We will show that the valence state of the europium is very sensitive to the
annealing condition. When reduced the crystal is an efficient phosphor over the
ultraviolet spectrum.

When oxidized, the presence of Eu+* inhibits the Eu+2

luminescence. Differences between the absorption and excitation spectra can be
explained in this manner.
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CHARACTERIZATION OF LPE GROWN GaAs P - i - N STRUCTURES
USING THE ELECTROOPTIC EFFECT
A.Rabinowitz, M.Nathan, G.Ashkinazi, L.Zolotarevski,
B.Meyler and O.Zolotarevski

Department of Electrical Engineering - Physical Electronics,
Tel Aviv University,
Ramat Aviv, 69978, Tel Aviv

ABSTRACT
GaAs P-i-N layers with an i-region net doping of less than 10" cm"3 were grown on P+
and N + substrates by a modified liquid phase epitaxy (LPE) method. Structural data obtained by
the use of the linear electrooptic effect correlated with electrical measurements are presented and
discussed.
The P-i-N layers are placed parallel to thn optical axis of an IR microscope, between two
rotatable crossed polarizers. An electric field is applied to the crystal normal to the direction of
light propagation, causing a change in the polarization vector of the IR light which depends on the
field density in the structure. The depletion region width vs. applied bias, avalanche breakdown,
defect distribution and layer positioning are measured simultaneously, providing an accurate characterization of the influence of each component on the total behavior of the P-i-N structure.
This method (in combination with other techniques) also allows us to: a) establish the thickness of each region (P, i, N) as well as its relative position in the epi-structure, and b) examine the
influence of mechanical forces acting perpendicular to a P-N semiconductor junction, on its
depletion region and its electrical behavior.

-

38 -

The Influence of Contact Angle and Wetability of Solutions
on Crystal Growth
N. Zelingher
Department of Mechanical Engineering
Ben-Gurion University of the Negev
Beer Sheva
An uphill flow of solution without added supplementary energy was observed
using cellulose acetate membrane [1].
The observed phenomenon lead to a new technique for growing crystal-like
whiskers [2, 3,4]. A program of experiments was envisioned in an attempt to understand
the origin of the driving force that pushes the solution against gravity.
In the present study, the solutions were in contact with strips of different kinds of
material (metals and nonmetals). The uphill movement of the solution was observed and
will be shown in a number of photographs in order to visually show the performance of
the creeping film.
Quantitatively the effect was appreciated by measuring the evaporation rate (more
than 500 hours of experiments).
The investigated field shows the existence of three steps of
creeping of solution.
For each step the data was fitted by a linear function and the evaporation rate is
twice or three times in value for different strips of material.
Strips with different bent angles was experimented (90°, 180°, continuous change
of angles).
The results are ambiguous and a clear conclusion cannot be arrived at.
References
1. N. Zelingher, "Mass transport through cellulose acetate membrane - a new
concept", Desalination, 27 (1979) 189-196.
2. Yellin, N., Zelingher, N. & Ben-Dor, L., "Whisker growth by means of cellulose
acetate membrane", Journal of Crystal Growth, 71 (1985) 427-432.
3. Yellin, N., Zelingher, N. & Ben-Dor, L., "C.A. membranes as habit modifier for
the growth of whiskers or inorganic salts", Journal of Material Science, 21 (1986)
504-508.
4. Yellin, N., Zelingher, N. & Ben-Dor, L., "Selective Transport of Inorganic Ions
along C.A. Membranes", Journal of Applied Polymer Science, 31 (1986) 12611268.
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Johnson Matthey
Materials Technology Division
Noble Metals
Crystal Growing Crucibles
made of Indium, Zirconia Grain Stabilized 10% Rhodium-Platinum, 10% Rhodium-Platinum,
ZGS Platinum, ZGS 5% Gold-Platinum, LA Platinum, 5% Gold Platinum.

Thermocouples:
High temperature (up to 2100 deg C)
Type S: Platinum vs 10% Rhodium-Platinum (bare wire & metal clad)
Type R: Platinum vs 13% Rhodium-Platinum (bare wire & metal clad)
Type B: 6% Rhodium-Platinum vs 30% Rhodium-Platinum (bare wire & metal clad)
Feusner: Indium vs 40% Indium-Rhodium (bare wire)

Cryogenic (1 - 300K)
0.03% (at) Iron-Gold: Chromel (bare wire)

Alfa Products
Finest Inorganic Research Chemicals and Metals
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IMPORT, BUILDING & TRADING Co. LTD.
P.O.B.2287
TEL-AVIV 61 O22 ISRAEL • TEL. O3-37 99O1
TELEX: 3564O IBT 1L
FAX.: 972-3-38-2O34

SUPPLIES TO CRYSTAL GROWERS:
CRYSTALOX: complete crystal growing systems
THERMAL TECHNOLOGY: high temperature vacuum and atmosphere furnaces.
CM: Kanthal Super box and tubular furnaces to 1,800°C in air.
ATS: tubular furnaces to 1,300°C. Materials testing equipment.
KANTHAL: A-1 and APM metallic heating elements to 1,4000C. SUPER elements
to 1,900°C element temp. ARTCOR elements to 2,000°C furnace temp.
FIBROTHAL: tubular element modules, single & multi-zone, to 1,300°C.
SUPERTHAL: tubular element modules to 1,6000C.
THERMCRAFT: heating element segments to 1,200°C.
ZIRCAR: refractory fiber insulating products to 2,000°C+.
HALDENWANGER: refractory oxide ceramics
CLAL: precious metal thermocouples and crucibles.
EUROTHERM: high precision temperature controllers and programmers.
CHINO: total radiation and 2-color pyrometers, dot recorders.
GRAPHTEC: line and X-Y recorders, plotters and digitizers.
GORDON: metal sheathed thermocouples to 2,400<>C. Thermocouple cables.
KYOWA: force, pressure and displacement transducers.
SSD: precision dc and ac motor speed controls
FIELD: data acquisition and control modules
WIZCON: supervisory, control and data acquisition software.
STANELCO: RF and MF induction generators

npsont nmfrvDB Tim 77*73 ,OK .»».v
B.T.S. BARUCH & CO-TECHNOLOGIES & SUPPUES LTD.
18 GALGALEl HAPLADA Rd. HERZLIYA. P.OMox 705. HerzUya 46105. Israel
TELEPHONE: 052-543525. 543368 TELEX: 341160 FAX: 972-52-572671

MATERIALS

TECHNICAL SUPPLIES

PUPONT PHOTOMASK
E-Beam & Optical Masks

ALESSI
Probe Stations

HOYA
Mask Blanks, Chrcm Wafers
Glass subtrates

GREENE TWEED
Chemraz & O-Rings
Resitant to High
Temperature &. Corrosion

JOHNSON MATTHEY ELECTRONICS
Sputering Targets
Compound Semiconductors, InSb,
MCT, CdTE, etc.
High Purity Metals - AG, AL, AS
AU, BI, CD, GE, HG, IN, S, SB, TE
Sapphire Substrates
Thermocouples
M E M C (EX MONSANTO)
CZ Silicon Wafers
NORTON CRYSTAR
Si Carbide Diffusion Components:
Tubes, Cantilevers, Paddles, etc.
NORTON DIAMOND
CVD Diamond

0 C G - OLOIN
Photoresists & Dopants
Polyimides
Process Chemicals

POCO GRAPHITE
Graphite Sheets & Rods
LPE Boats, E-Beam Crucibles
Opto-Electronic Graphite
TEXWIPE
Clean Room Wipers, Swabs
& Stationary
TOPSIL
FZ Hi-Purity Silicon

HOKE
S.S. L Alloys
Fittings & Valves
INLAND
Vacuum Pump Fluids
NORTON PLASTICS
Teflon Fittings & Valves
Teflon Tubing
Tygon Tubing
P A L L
Filters & Filtration
Systems
PLASTOMATIC
High Purity & Corrosion
Resistant Valves &
Controls
SANI-TECH

Ultraclean Tubing &
Valves
SPAN
Pressure gauges

Ringsdorff
Graphite for the semiconductor industry
Graphite
Two factors have made graphite an indispensable
key material for the semiconductor industry:
firstly, an unusual combination of properties and
secondly the possibility to match certain material
properties with a given specification by varying
raw materials and production methods.

The most important properties
of graphite
O
O
O
O
O
O
O

can be produced with highest purity
high thermal and chemical resistance
excellent resistance to temperature change
electrical conductivity
high thermal conductivity
increasing strength with higher temperature
easy to machine

Purity
Ringsdorff graphite is produced in high purity
and superpure grades. Finished parts in superpure grades are finally purified and have an ash
value of < 10 ppm.
The ash value of high purity graphites is a maximum of 100 ppm and typically 20 ppm.

Typical applications
O
O
O
O
O
O
O
O
O
O
O
O
O

crystal pulling Si. Ce, Ill/V-materials
Si-epitaxy
slicing beams
PECVO wafer trays
ion implantation
molecular beam epitaxy
electron beam evaporation
liquid phase epitaxy
zone purification
plasma etching
solar technology
fibre optic technology
brazing and glass to metal sealing jigs

Coating possibilities
O
O
O
O
O
O

Ringsdorff
Rmgsdorff-Werke GmbH
D-5300 Bonn 2 • Phone (228) 841-0
Telex 8 85 468 15 • Fax (2 28) 8415 46

Pyrolytic baron nitride (PBN)
Silicon carbide (SiC)
siliconizing
Pyrolytic carbon (PyC)
parts of solid PyC
parts of solid PBN
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WE REPRESENT AND SERVICE THE FOLLOWING COMPANIES:

TOPOMETRIX:
ALL FOR NON-CONTACT NANOMETER-SCALE IMAGING
• ATOMIC FORCE MICROSCOPY
• SCANNING TUNNELING MICROSCOPY
• SCANNING NEAR FIELD OPTICAL MICROSCOPY

WYKO:
• INTERFEROMETERS - DIGITAL PHASE MEASURING INTERFEROMETRY
• OPTICAL PROFILER - NON-CONTACT ROUGH ST JRFACE TESTER
• FRINGE ANALYSIS SOFTWARE

T.M.C.:
• OPTICAL TABLES
• VIBRATION ISOLATION TABLES & BREADBOARDS
VACUUM INDUSTRIES:
• VACUUM FURNACES
• SPECIAL PURPOSE FURNACES
STOKES VACUUM:

• "WINDSOR" SERIES VANE VACUUM PUMPS, 1.5V7.4 CFM, 6X10-»TORR
• "MICROVANE" SERIES VANE VACUUM PUMPS, 5.8+46 C F M @ SXKHTORR
• "MICROVAC" MECHANICAL VACUUM PUMPS, 30-728 CFM, 2X10- 3 TORR
• ROTARY VACUUM BOOSTERS
• COMBINATION VACUUM SYSTEMS
AMERITHERM:
• RF SOLID-STATE INDUCTION HEATING GENERATORS, 2.5 TO 25 KW
OUTPUT MODELS, VARIABLE FREQUENCY 5 0 TO 2 0 0 KHZ.
BENCH AND HAND HELD HEATING STATION VERSIONS.
MULTIPLE-STATIONS POSSIBLE WITH ONE GENERATOR.
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Paintable protective High temperature ceramic coating for:
MeataJs, Ceramics. Graphite
Y2O3, ZrO2, BN, HfO2, Gd2O3> SiC, Si3N4, TiN, ZrB2, MoSi2,TiC, SnO2,
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m RADIATION
MEASUREMENT
PRODUCTS

HCRON

Scintillation Detectors: Nal (TI), CSI (TI),
CSI (NA), CSI,6LII (Eu), Caf:, BaFi, GSO
(Ce), BGO, CdWO4.ZnS(Ag)

Optical Crystals

RADIATION MEASUREMENT PRODUCTS
ALPHA, BETA, GAMA
1741 1DO|

CRYSTALS FOR NONLINEAR OPTICS
KH2PO4, KD2PO4, NH4H2PO4

SAINT-GOBAJN
CERAMIQUES INDUSTRIELLES
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BALZERS

Wide Range
Turbo Molecular Pump
062 H

Setting the standard in the art
of vacuum technology A \

Ultra high vacuum
< 1 0 10 mbar

fZl

Technological progress in the
generation of ultra high vacuum

original contains
color illustrations

High compression ratios
>1013forN2
>3x106forH2

The new 062 H is an addition to the
wide range series of pumps designed
to generate hydrocarbon free high and
ultra high vacuum and is ideally suited
for application in

Maximum fore vacuum
pressure 28 mbar

Gas analysis technology
Leak detection systems
Research and development activities

High gas throughput
Optimum reliability and
super quiet running
High precision bearings with
ceramic balls for minimum
friction

The turbo molecular pump is equipped
with an additional pumping system on
the fore vacuum side which allows the
compression ratio to be increased a
hundredfold. This has the advantage
that dry diaphragm backing pumps can
be used.
The 062 H is superior to standard
turbo molecular pumps of comparable
size in terms of volume flow rates and
gas throughput in the pressure range
> 10 •' mbar. The attainable ultimate
pressure with a diaphragm backing
pump is < 10 '"mbar.
The pumps are water cooled (air cooling optional), can be operated from
horizontal to vertical and are supplied
with ISO or CF flanges.
A fore vacuum pressure of up to
20 mbar is possible in operations with
the standard Electronic Drive Unit
TCP 015. As an option the TCP 121 or
TCP 380 is available where fore
vacuum pressures of up to 28 mbar
are involved.

TPH 062 H

V o l u m e f l o w rate f o r N2 as a
f u n c t i o n of t h e i n t a k e pressure p 2

10'4

10 3

10"'

1 High vacuum connection
2 Rotating turbo disk
3 Stator disk
4 Venting connection
5 Molecular stator
6 Molecular rotor
7 Sealing gas connection
8 Cooling water connection
9 High precision ball bearing
with ceramic balls
10 Pump lubrication reservoir
1 1 Electrical connection
12 Motor
13 Roughing vacuum connection
14 Permanent magnelic bearing
1 5 Emergency bearing

- 12

11

Gas throughput

9
:

:

:

;

K! i j i
' ; '!

10°

}//'

10

10 J

10*

10

10

, 10
P2(mbar>

1 Nitrogen N^
2 Helium He
3 Hydrogen H;,

10

Technical Da .a
Wide Range Turbo Molecular Pump

TPH062H

TPH062H

TPU 062 H

DN 40 ISO Kl

UN 63 ISO K

DN 63 Cr f

ICP015

ICP015

ICPOIb

30
35
34

53
49
43

53
49
43

•10''
2 6 x 10"
3 0 x 10''

-10' : f
2 6 x 10"
3 0 x 10''

2-6 x 10"
3 0 x 10''

mbar
mbar
mbar

20 (28)
19 I26)
10 (10)

20 (28)
19 (26)
10 (10)

20(28)
19(26)
10 (10)

mbar 1. s
mbar T's
mbar 1, s

0 4 (0-8)
0-7 |l-2)
1 11-5)

0-4 (0-8)
0 7 (1-2)
1 (1-51

0-4 (0-8)
0-7 (12)
1 (1-5)

Theoretical ultimate pressure'

mbar

• 10 "

•

•

Nominal rotation speed
Stand by rotation speed
Hun up time ' '

1 ''mm
1 'mm
mm

90 000
60000
5 13)

90000
60 000
5 (3)

90 000
60 000
5 (31

cm '

4

4

4

TL 011

TL 011

TL 011

Water
Option

Water
Option

Waler
Oplion

15

15

tluuncttn
! electronic

o l !'
N.
He
H.

1s
1s
1s

1 l

Compression ratio
N

.
He
H,

• 1 0 '•'

Critical backing pressure1
N
:
He
Hi

Gas throughput ' H
with diaphragm pump20 rn i h
N.
He
H.

Operating medium
Filling quantity
Type
Type of cooiiny
Standard
Conversion kit for air cooling
Cooling water consumption
Heating jacket
Power input of heater

W

Weight

ky

Recommended backing pump
Two stage diaphragm pump
Ultimate pressure

mbar

l.h

10

"

10 ''

15

•4 0
47

10

47

© Heating jacket
ffl High vacuum connection
© Fore vacuum connection
© Venting connection
© Gas inlet
O Electrical connection
M Water connection
Conversion rate of pressures from
mbar to Torr
1 mbar = 0-75 Torr

51

'.0
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Ordering data
Turbo molecular pumps
Version for TCP 01 5
Version for TCP 121.380

PM P02 116
PM P02 1 1 5

PM P02 11 1
PM P02 1 10

PM P02 121
PM P02 120

Electronic Drive Unit TCP 01 5
Flectronic Drive Unit TCP 121
Electronic Drive Unit TCP 380

PIV1C01 593
PM C01 475
PM C01 490

PM C01 593
PM C01 475
PM C01 490

PM C01 593
PM COT 475
PM C01 490

Connecting cable. Turbo TCP 01 5, 3 m "
Connecting cable. Turbo TCP 121/380. 3 m'''

PMO31178-X P M 0 3 1 1 7 8 X PM 031 1 78 X
PM 011 232 -X PM 011 232 X PM 011 232 -X

Protective gnU
Splinter shield
Silencer

PM 006 597 -Ft PM 006 597 R
PM 006 375 -X PM 006 376 -X PM 006 376 -X
PM 006 799 -X PM 006 800 -X PM 006 801 -X

Heating jacket 115-23OV

PM 043 443 -T PM 043 443 -T b>

Sealing gas valve
Air Drier TTV 001 '•

PMZ01 142
PM ZOO 121

PMZ01 142
PMZ00 121

PMZ01 142
PM ZOO 121

Venting Valve TSF 012, G 1/8"

PMZ01106

PMZ01 106

PMZ01106

Air coofing kit
11 5 V. 60 Hz
230 V. 50/60Hz

PM Z01 120
PM Z01 121

PM Z01 120
PM Z01 121

PMZ01 120
PM Z01 121

Venting Flange DN 10 ISO-KF '

PM 033 737 -T PM 033 737 -T PM 033 737 -T

BaliersPiiifferG
Postfach 12 80
0 6334 Asslar
Tel i06<J41|802 0
Telex 4B3B59
Fax (06441) 8 02 2

Bracket values TCP 121.
Value to which the pressure in the test dome
converges asymptotically. It is the lowesi
pressure which can be attained with the pump
(according to German Industrial Standard
DIN 284281.
Up to 9 0 % rated rotation speed.
Other lengths on request.
Standard on the TPU model.
Filled with zeolite.
Necessary with KF connection venting valves.
Data on smaller diaphragm pump on request.

Balzers High Vacuum Lid
Bradbourne Drive
Tilbrook
M'lton Keynes MK7 8 AZ
tel (090813733 33
Fax 109 081 37 77 76

Balzers
8. Sagamore Park Road
Hudson. N H 03051
Tel (6031 889 6B8B
Fa» 16 03! 8 89 85 73

Products of Qalzers Pfeiffer GmbH. Asslar
Technical modifications reserved
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oodfellow Metals Limited has a long history of service to the scientific

community. First established in London in 1946. we have specialised
in supplying high technology metals and materials for research and industry
since 1967.
Goodfellow has been located on the Cambridge Science Park since 1975 and
has developed close links with Cambridge University and many other universities,

METALS AND ALLOYS
CMoose from

our

extensive

range of 68 pure metals

laboratories and industrial research organisations.
Goodfellow is known throughout the world for its unique range of metals,

both
punty
ing

materials and specialised laboratory services. Our modern laboratories and offices
are fully equipped to meet the requirements of research scientists and design
engineers for high technology metals and materials. FAST.
You will find that Goodfellow is the only source you need for small quantities
with a selection and service that is second to none.

high

and

in

commercial

and 230 alloys indud

the

common

and

the

unusual Metals and alloys are
in stock in 20 different forms
including

foils,

wires,

rods,

tubes, powders and crystals
all are available in a wide
selection of sizes, diameters
and thicknesses from the conventional

to

an

incredible

0.000001mm thick microfoil.

SMALLQUANTITIES

PRICES INCLUDE POSTAL DELIVERY

We specialise in small quantities. There is no

Prices in our catalogue include delivery by 1st

minimum order. Just select one piece, one

class post (air mail overseas). Import duty and

metre, one gram . . . anything up to small

local sales taxes are not included. Transit times

production quantities . . . and we will be

are between 2 and 14 days depending on

delighted to meet your needs. We will be happy

destination.

to try and give you a quotation for non-standard
materials or quantities.

EXPRESS SERVICE
When goods are required urgently telephone,

IN STOCK

telex or fax your order and ask for our express

All items listed in the catalogue are in stock and

service. The goods will be in your hands

ready for immediate despatch. When you order

24 hours UK, 48 hours Europe, 72 hours

from Goodfellow you're ordering direct - it is in

Worldwide.

stock and can be despatched within the hour if
needed.

TECHNICAL
SERVICES
In addition to
standard catalogue
products we offer the
following specialised
services;
Precision slitting.
Cutting to length.
Complex shapes.
Non-standard wires,
foils and powders.
Machining exotic
metals and ceramics.
Polishing.
Parylene and other
special coatings.
Multi-layered
coatings.

Plating.
Tinning.
Anodizing.
Hardening.
Annealing.
Lacquering.
Custom-made
laminates, fabrics.
alloys and
compounds.
Analysis of powder
particle size and
surface area density.
Analysis of metallic
and gas impurities in
ppb.
Analysis of coating
thickness and surface
profile.

POLYMERS
COMPOSITESANO
HONEYCOMBS

Many of the very latest and
most advanced polymers, e.g.
PEEK. PHB. PPO and PES. are
included

in

our

High performance composite

standard

CERAMICS

range, along with a selection of

Ceramics

materials

exhibit

are

playing

an

increasingly important role in

excellent

the more well known engineer

resistance to high tempera-

engineering,

ing plastics such as Nylon.

tures, have comparatively low

design. We stock a large range

research

Polypropylene and Polycarbo-

densities, are extremely hard

of these specialist

nate Many forms and sizes are

and exhibit good resistance to

including

and

materials

Carbon/Carbon.

available from stock including

both abrasives and chemicals.

PEEK/Carbon

film, sheets, rods, tubes and

Our range of ceramics, includ-

We also supply Honeycombs

filaments.

ing Machinable Glass Ceramic.

with various cell sizes and core

Beryllia. Zirconia and Quartz

thicknesses.

are available from stock as
sheets, rods, tubes, fibres and
fabric.

SPECIAL
PROCESSES
Custom grinding
Centreless grinding.
Laser cutting and
punching.
Photoetchmg.
Extrusion.
Turning.
Ultrasonic drilling.
Wire cutting, forming,
straightening and
re drawing.
Plasma cutting.
Spark erosion.
Sintering.
Computer controlled
rolling.
Diamond facing.

Lapping.
Physical and chemical
vapour deposition.
Ion implantation.
Induction hardening.
Plasma coating.
Flame sprayed oxide
coating.
Electroless nickel
coating.
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Sputtering.
Electroplating.
Plasma-assisted
physical vapour
deposition.
Chemical blacking.
Dynamic or time of
flight secondary ion
mass spectrometry.
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Electron loss
spectroscopy.
Auger spectroscopy.
Plasma-induced X-ray
emission.
Micro-analysis.
Micro-photography.
Image analysis.
Electrophoretic
mobility.
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If the process you
need is not listed
please ask. we can
often help.
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W

To learn more about what Goodfellow has to offer, please complete
and post the attached card and the Goodfellow Metals and Materials
catalogue - with nearly 500 pages covering 3600 items - will be on its
way to you.
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