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Scientific Programme

Sunday, May 6

08:30 - 09:30 Registration (Wise Auditorium Lobby).

09:30 -10:00 Opening session (Wise Auditorium).

10:00-11:00 Plenary Lecture: "Geometry in Modern Theoretical
Physics", Orlando Alvarez, University of California,
Berkeley.

11:00 -11:30 Coffee break

11:30-12:30 Plenary Lecture: "Novel Magnetic Phenomena and
High Tc Superconductivity", Robert.J. Birgenau,
MIT.

12:30 -13:30 Lunch break

13:45-14:20 IPS Meeting-election of the new president of IPS {Wise
Auditorium).

14:30 -18:30 Section Meetings (two sessions with coffee break between
16:00-16:30):

Statistical Physics:
Chairmen: A. Aharony (Tel-Aviv Univ.) and S. Fishman (Technion).
Invited lecturers: A.B. Harris (Univ. of Pennsylvania), D. Kandel (Weizmann

Inst.), Y. Stavans (Weizmann Inst), I. Kanter (Bar-Han Univ.)
and D. Hansel (Hebrew Univ.). (Canada Auditorium)

Astrophysics and Cosmology:
Chairman: T. Piran (Hebrew Univ.).
Invited Lecturers: D. Lynden-Bell (Cambridge Institute of Astronomy), D.

Portnoy and S. Pistiner (Technion) and A. Wandel.
(Weizmann Inst.). (Sprinzak Bldg. 115)

Particles and Fields:
Chairman: Y. Frishman (Weizmann Inst.).
Invited Lecturers: S. Elitzur (Hebrew Univ.), M. Karliner (Tel-Aviv Univ.), and

S. Solomon (Hebrew Univ.). (Kaplun Bldg.)



Sub-Micron and Low Dimensionality Physics:
Chairmen: I. Freund (Bar-Han Univ.) and Z. Ovadyahu (Hebrew Univ.).
Invited Lecturers: M.A. Kastner (MIT), Y. Avishai (Ben-Gurion Univ.), M. Azbel

(Tel-Aviv Univ.), M.' Kaveh (Bar-Man Univ.). (Kaplan B Hall)

Nuclear Physics:
Chairmen: J. Burde and I. Unna (Hebrew Univ.).
Invited Lecturers: J. Alster (Tel-Aviv Univ.), C. Broude (Weizmann Inst.), A. Wolf

(Negev Research Center), S. Mordechai (Ben-Gurion Univ.)
and O. Meirav (TRIUMF). {Sprinzak 117)

Lasers, Plasma Physics, Optics and Spectroscopy:
Chairmen: B.S. Fraenkel and L. Friedland (Hebrew Univ.)
Invited Lecturers: B. Shore (Lawrence Livermore National Laboratory),

S. Yatsiv, B. Meerson (Hebrew Univ.), A. Fruchtman
(Weizmann Inst.) and Z. Rosenwaks (Ben-Gurion Univ.).
{Levin 8)

Monday, May 7

09:00 -12:30 Section Meetings and Workshops (two sessions and coffee
break between 10:30 -11:00):

Computational Physics:
Chairperson: J. Adler (Technion).
Invited Lecturers: D. Rapaport (Bar-Han Univ.), S. Solomon (Hebrew Univ.),

S. Eckstein and G. Shaviv (Technion). (Levy Bldg.)

High Tc Superconductors:
Chairmen: I. Felner (Hebrew Univ.) and M. Weger (Hebrew Univ.).
Invited Lecturers: B. Horowitz (Ben-Gurion Univ.), Y. Yeshurun (Bar-Han Univ.)

and O. Shaffief (Hebrew Univ.). (Canada Auditorium)

Medical Physics:
Chairpersons: S. Akselrod (Tel-Aviv Univ.) and A. Weinreb (Hebrew Univ.)
Invited Lecturers: R. Tirosh, B. Ehrenberg (Bar-llan Univ.) and D. Kwiat (Tel-

Aviv Univ.). (Sprinzak 114)

Condensed Matter:
Chairman: D. Davidov (Hebrew Univ.).
Invited lecturer: E. Ehrenfreund (Technion). (Kaplan B Hall)

Opto-Electronic Devices and Thin Films (with the Israel Vauum Society):
Chairman: A. Zemel (Soreq Nuclear Center)
Invited Lecturers: R. Weil (Technion), J. Sagiv (Weizmann Inst.), Y. Lifshitz and

and D. Eger (Soreq Nuclear Center). {Kaplan B Hail and
Wise Auditorium)



Quantum Optics (workshop):
Organizers: Z. Rosenwaks (Ben Gurion Univ.) and Y. Oreg (Negev

Nuclear Center).
Invited Lecturer: K. Bergmann, Univ. of Kaiserslautern, Germany.

Research groups from the Negev Research Center, Ben-
Gurion, Tel-Aviv and Hebrew Universities, and the Weizmann
Institute will participate. (Sprinzak 115)

Chaos (workshop):
Organizer: U. Smilansky (Weizmann Inst.).
Invited Lecturers: D. Cohen (Technion) and E. Braun (Weizmann Inst.).

{Sprinzak 216)

12:45 -14:30 Conference Lunch

15:00 -18:00 Visit to the Old City.



Foreword

Once again it is the turn of the Racah Institute of Physics to host the
Annual Conference of the Israel Physical Society. We would like to extend a
warm welcome to all participants and wish them a fruitful meeting and a
pleasant stay in Jerusalem. A warm welcome is extended also to members of
the Israeli Vacuum Society who hold their Annual Meeting jointly with ours.

The Conference reflects the extent and diversity of physics research in
Israel, ranging from the macro to the micro. The morning session of the
first day is devoted to plenary lectures of general interest, while the sessions
on Sunday afternoon and Monday morning consist each of four parallel
sections of a more specific nature, covering most of the areas of physics
research in the country. Among these sections there are two workshops,
defined as such, but the difference between them and some of the ordinary
sections is largely semantic. We have attempted to keep the overlap between
sections to a minimum so as to enable each participant to choose the lectures
of his interest without too much difficulty. The contributed papers will be
presented orally except in two of the sections, where the large number of
contributions made if necessary to present some of the papers by posters.

A visit has been organized for Monday afternoon to the newly
excavated underground tunnels in the Old City. Unfortunately, only a limited
number of participants would be able to join this tour but we hope that
everybody would take advantage of the free afternoon to enjoy the unique
city of Jerusalem.

Finally, I would like to thank the members of the local committee, the
chairmen of the various sections, the secretariat of the Racah Institute and
many others who have devoted much time and effort for the organization of
the Conference. Special thanks are due to the secretary of the committee,
Prof. M. Finkenthal, for his untiring and willing efforts to make this
conference successful.

A. Many
Chairman of the Organizing Committee
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Geometry in Modern Theoretical Physics

0. Alvarez
University of California at Berkeley

ABSTRACT

Geometry has influenced our view in modern theoretical physics. The
geometrical approach has been used to try to understand difficult
questions in quantum field theory. Fortunately, many familiar
problems in elementary quantum mechanics are examples of the
geometrical ideas. By using simple quantum mechanical models we
will develop he geometrical concepts and subsequently see what they
tell us about more complicated situations in quantum field theory.



NOVEL MAGNETIC PHENOMENA AND
HIGH TEMPERATURE SUPERCONDUCTIVITY

Robert J. Birgeneau, Department of Physics, Massachusetts Institute
of Technology, Cambridge, MA 02139

The discovery of high-temperature superconductivity in lamellar copper oxide materials
is one of the most dramatic and unexpected events in physics in recent history. In this
talk we will present our views on the basic physics of this new phenomenon and we will
explain why the problem is proving to be so difficult in spite of the unprecedented assault
on it by many thousands of physicists, chemists, and material scientists. It appears that the
superconductivity in the CuO2 superconductors differs in an essential fashion
microscopically from that in conventional electron - phonon driven systems. Both the
S - 1/2 character of the Cu*+ ion and the quasi -two - dimensionality (2D) of the
materials appear to be essential ingredients. All materials have in common the
juxtaposition of an antiferromagnetic insulating state, a 2D weakly localized spin glass, and
a superconducting phase which derives from a fluctuating short - range ordered,
incommensurate 2D spin fluid. Many exotic theories have been proposed to explain the
superconductivity but so far there are no definitive tests to choose a unique model.

This work has been carried out in collaboration with a large number of colleagues
including Amnon Aharony, Yasuo Endoh, Marc Kastner, and Gen Shirane. This research
is supported by the U.S. National Science Foundation under contract Nos. DMR8S - 10856
and DMR87 - 19217.
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A STRONGLY FRUSTRATED THREE DIMENSIONAL

QUANTUM ANTIFERROMAGNET

A. B. Harris

University of Pennsylvania

The magnetic Fe ions (S=5/2) in the insulator FeF3 form a lattice of corner sharing

tetrahedra in which the dominant interactions between the nearest neighbors in each

tetrahedron are antiferromagnetic. Magnetically, this structure is highly frustrated and

therefore provides a three-dimensional analog of the highly interesting triangular

antiferromagnet. For spins 1/2 on such a tetrahedral structure the ground state is well

described as a dimerized state in which pairs of spins form singlet (spin zero) states. In

this state there is NO conventional long range ordering of the spin moments. However, it

is shown that this dimerization is COHERENT and an appropriate order parameter is

introduced.



Cluster Algorithms for Acceleration of Monte Carlo Simulations

Daniel Kandel
Dept. of Electronics, Weizroann Institute of Science, Rehovot 76100, Israel

Abstract

Cluster algorithms that were developed recently [1 — 5] greatly improve the effi-
ciency of Monte Carlo simulations of ferromagnetic systems. Critical slowing down
is reduced significantly and possibly even eliminated completely. The first part of
the talk is an overview of existing cluster techniques. We discuss the work of Swend-
sen and Wang (SW) [1] that led to significant reduction of critical slowing down
in ferromagnetic models with discrete degrees of freedom. Generalizations of the
SW algorithm in several directions are also discussed: Wolff [2] developed a cluster
algorithm for ferromagnetic models with continuous degrees of freedom. Kandel
et al [3] proposed a multigrid algorithm to perform even more efficient simulations
of models with discrete degrees of freedom and possibly eliminate critical slowing
down completely. Wang et al [4] suggested a cluster algorithm for antiferromag-
netic Potts systems at low temperatures, and Ben-Av et al [5] developed an efficient
method for simulation of the Zi gauge model in three dimensions. The techniques
mentioned above lose their efficiency when applied to systems with competing in-
teractions. Thus simulations of frustrated systems, such as spin glasses, at low
temperatures are still extremely difficult to carry out, and many of their properties
remain unknown. Effective cluster algorithms for frustrated systems may also have
significant influence on practical optimization problems. The difficulties that arise
when cluster algorithms are applied to models with frustration are discussed, and
a first step towards the solution of some of the problems is described. In particu-
lar, a novel cluster algorithm is applied to the fully frustrated Ising model in two
dimensions, and proves to be impressively effective even at T = 0.

References

(1) R.H. Swendsen and J.S. Wang, Phys. Rev. Lett. 58, 86 (1987).

(2) U. Wolff, Phys. Rev. Lett. 62, 361 (1989).

(3) D. Kandel, E. Domany, D. Ron, A. Brandt and E. Loh, Phys. Rev. Lett.
60, 1591 (1988); D. Kandel, E. Domany and E. Brandt, Phys. Rev. B
40, 330 (1989).

(4) J.S. Wang, R.H. Swendsen and R. Kotecky, Phys. Rev. Lett. 63, 5303
(1989).

(5) R. Ben-Av, D. Kandel, E. Katzenelson, P.G. Lauers and S. Solomon, J.
Stat. Phys., 58, 125 (1990).



New Developments in Cellular Pattern Evolution

Yoel Stavans

Department of Electronics, The Weizmann Institute of Science,
Rehovot 76100, Israel

ABSTRACT

The evolution of two-dimensional arrays of soap bubbles has been
studied experimentally. In contrast to previous experiments the
array has been drained of excess fluid, allowing to observe for the
first time a linear growth of the average domain area with time.
Evidence for scale-invariant statistical properties such as side
distribution p(n) of n-sided polygons and area distributions will be
presented. A dynamical model for the evolution of p(n) is proposed
in collaboration with Eytan Domany and David Mukamel. The model
exhibits a one-parameter family of fixed point distributions.
Possible mechanisms by which the system selects a distribution
will be discussed.



Lower Critical Dimensions of Stochastic Nonequilibrium Ferromagnetic

Ising Systems

Ido Kanter

Department of Physics, Bar-Ilan University, Ramat-Gan, Israel

The existence of ordered phases in stochastic Tsing dynamical

systems with short-range "ferromagnetic" interactions is

discussed with the emphasis on open questions. Various

examples of models are presented; some of these do and some

others do not undergo positive temperature (i.e., nonzero

noise) phase transitions in two and three dimensions. The

examples suggest that such equilibrium notions as lower criti

cal dimension may not be uniquely definable for these non-

equilibrium systems. The existence of temporally periodic

states is also briefly discussed.



Statistical mechanics of multilayered perceptrons

D. Hansel

Racah Institute of Physics, Hebrew University, Jerusalem, 91904 Israel

Abstract

. Statistical Mechanics of disordered systems provides techniques to investigate a

whole set of properties of the learning of a task by formal neurons networks. The

general framework is reviewed. A two layered perceptron with nonoverlapping recep-

tive fields realizing a "committee machine'' with K hidden units is studied. For K

= 3, a replica symmetric ansatz gives a capacity of 4.02 patterns per synapse. For

K going to infinity the capacity per synapse is found to scale like K1/2. The results,

of the stability analysis are displayed. In particular, for large K a,n instability oc-

curs h the number of stored patterns scales like K. The replica symmetry breaking

is also investigated by numerical simulations and its effect is strong near the maxi-

mum capacity. For biological applications, possible consequences are discussed with

special emphasize on the correlation between the response of the hidden units and

the network output. This nonoverlapping architecture is compared with a fully con-

nected structure for whteh a replica symmetric analysis suggests a breaking of the

permutation symmetry between the hidden units.

*In collaboration with:

E. Barkai Departement of Physics, Bar Han University, 52100 Ramat Gan Israel

H. Sompolinsky, ATT Bell Laboratories, Murray Hill, New Jersey 07974 and Racah

Institute of Physics, Hebrew University, Jerusalem, 91904



C o n t r i b u t e d P a p e r s



BOOTSTRAP PERCOLATION -
SEARCHING FOR NEEDLES IN HAYSTACKS.

Joan Adler
Physics Department

Technion

Bootstrap percolation models are cellular automata where sites are initially
occupied randomly and then culled according to some prescription related to the
local environment. The bootstrap family includes systems with second order perco-
lation transitions and models with special first order transitions. The former have
useful applications to fluid flow in porous media, plastic crystals and quadrupolar
glasses. There are open questions concerning the fractal dimension of the infinite
cluster and the nature of the transition in some special cases. Tht latter exhibit
interesting crossovers as the system size is increased, and events as rare as needles
in haystacks dominate the infinite system in some of the models. Much progress
has recently been made towards the characterization of the different approaches
to the infinite limit, but some needles may still be hidden in the haystack.



Diffusion Limited Reactions: Nearest Neighbor Distances at a Trap

Haim Taitelbaum,1 Shlomo Havlin,1 George H. Weiss,2 and Raoul Kopelman3

1. Department of Physics, Bar-Han University, Ramat-Gan, Israel

2. Physical Sciences Laboratory, NIH, Bethesda, MD 20892, USA

3. Department of Chemistry, University of Michigan, Ann Arbor, MI 48109, USA

The phenomenon of self-organization of reacting systems in low dimensions has at-

tracted much attention recently. One characterization of the tendency to self-organize is

to study the distribution of the distance of the closest diffusing particle to a single trap,

which is allowed to be perfect or imperfect.

For perfect trap in one dimension, the asymptotic density of the nearest-neighbor

distance is found to be a time-dependent skewed-Gaussian function, and the mean value

of this distance increases asymptotically as i1/4. The general case of imperfect trap is

modelled in terms of the radiation boundary condition. Our exact solution for this case

permits one tp follow the transition in the shape of the probability density from the

time dependent skewed Gaussian for perfect reaction, to the time independent exponential

corresponding to total reflection in one dimension.

Similar results are given for the case of a reactive sphere in the presence of mobile

particles in three dimensions.

How do the results for one dimension change when the diffusing particles are subject

to a certain potential? We study three models of possible potentials, using analytical and

numerical methods:

1) Hard-Core interaction between the diffusing particles.

2) External field - Biassed diffusion.

3) Local random fields along the one-dimensional chain.
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A SURVEY OP ENTROPY IN THE UNIVERSE

B. Basu

University of Calcutta

Department of Applied Mathematics

Calcutta 700 009, India

and

D. Lynden-Bell

Institute of Astronomy, The Observatories

Cambridge, CB3 0HA

ABSTRACT

Matter emerged from the Big Bang with a large and uniform entropy per

baryon. We survey the entropy distribution today and find a large spread,

but all recognised objects have significantly smaller entropy per baryon than

they had at the Big Bang. This is presumably compensated by high entropy

per baryon in intergalactic regions of low baryon density. Most entropy

lies in the cosmic microwave background and the corresponding neutrino

background. Bekenstein-Hawking entropies per gm for black holes are very

large, in stark contrast to the lowest specific entropies of all found in neutron

stars.
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Dany Portnoy, Shlomi Pistiner and Ciora Shaviv

The Technlon

Abstract

WE ANALYZE THE MOTION OF GIANT GALAXY ACROSS THE INTRACLUS-

TER GAS, BY THE the single and two fluid hydrodynamical approximations. THIS

ANALYSIS IS NECCESARY SINCE SINGLE FLUID MODELS PREDICT A COLD

WAKE FOR REALISTIC VALUES OF THE RATE OF MASS REPLENISHMENT. WE

ALSO SHOW THAT THE SPECTRAL FEATURES OF THE GALAXY ARE DETER-

MINED TO A very good aproximation only by the electrons ( and hence since the plasma

is neutral, only by the temperature of the electrons). We find the dependence of the galac-

tic wake temperature as a function of the repelenishment rate, and compare them to the

observation and the theory of stellar evolution.
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Reacceleration of Cosmic Rays by Supernova Remnants at TeV energies

Amri Wandel

Weizmann Institute of Science

Abstract

Three astrophysical disciplines - cosmic rays (CR), supernovae (SN) and the inter-

stellar medium (ISM) are combined with recent CR data to give a new model and constrain

current theories of CR propagation and of the ISM. An important prediction of the model

on the CR spectrum at high energies (presented at the 21st International CR Conference

at Adelaide, Australia, January 1990) is backed by recent Spacelab data, first presented

at the same conference.

It is widely believed that the primary mechanism producing the observed power law

spectrum of CRs in the l-10e6 GeV range is shock acceleration by SN. After leaving their

parent SN, CRs may, during their propagation in the ISM, encounter shocks of other SN

remnants, and undergo additional acceleration or re-acceleration (RA). A significant RA

rate would have drastic effects on the ratio of primary CRs to secondary CR species (nuclei

produced by spallation - collisions between primary CRs and protons of the ISM). If the

SN rate and the expansion of their remnants are what is currently believed to be true,

one cannot avoid a significant RA rate of CRs, which has two important consequences:

and (ii) CR data may be used to constrain models of the ISM and of the expansion of

SN remnants. We show that PA by strong shocks of young SN remnants would lead to a

flattening in the secondary/primary CR ratio (which is known to decrease with increasing

energy) near 1 TeV/nucIeon. Secondary CR data in this energy range were published only

very recently, and they seem to confirm this prediction.
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QUANTIZING AND HAVING IT WHOLE

(Quantum Super-St r ings with

explici t Lorentz and space-time-SUSY invariance)

Sorin SOLOMON

The Hebrew Universi ty of Jerusalem

I desc r ibe the Covar iant Quantization of space- t ime-supersymmetr ic

Super?crings and Superparticles.

Our method requires a FINITE number of auxiliary variables and ghosts.

As a proof of the correctness of our procedure, we show that by the

second-quantization of this system, one obtains Superfield Actions

for the relevant extended supersymmetric field theories.

This includes N = 4 SYM and N=8 SUGRA for which existent No-Go theorems

are circumvented.

The auxiliary variables required by the gauge structure of the system

turn out to have deep relations to the twistor geometrical aspects

of space-time.
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SINGLE ELECTRON CHARGING AND PERIODIC CONDUCTANCE
RESONANCES IN GaAS NANOSTRUCTURE*

M. A. Kastner and Udi Meirav, Department of Physics, MIT Cambridge,
MA, 02139, and M. Heiblum and S. J. Wind, IBM Thomas J. Watson Research

Center, Yorktown Heights, NY 10598.

Previous experiments1'2 on narrow channels in Si and GaAs revealed that the
conductance is periodic in the number of electrons per unit length. In those structures the
length scale that set the period was the distance between interface charges that happened,
by chance, to fall near the narrow channel. In new experiments we have controlled the
period by introducing intentional constrictions along the narrow channel. The results show
that the accurately periodic oscillations of the conductance correspond to the sequential
addition of single electrons to the segment of the channel between the barriers.
Furthermore, line - shape analysis of the periodic conductance peaks shows that they result
from very narrow electronic resonances. Theoretical models that may explain the origin of
these resonances will be discussed.

1U. Meirav et al., One-dimensional electron gas in GaAs: Periodic conductance oscillations
as a function of density, Phys. Rev. B40, 5871 (1989).
2J. H. G. Scott Thomas et al.. Conductance oscillations periodic in the density of a
one - dimensional electron gas, Phys. Rev. Lett. 62 583 (1989).

*Work supported in part by NSF Grant No. ECS-8813250 and by the U.S. Joint Services
Electronics Program under contract No. DAA103 - 89C - 0001.



IS

Aharonov-Bohm effect on the conductance of particles with
spin

Y. Avishaia and Y. B. Band**

department of Physics, Ben Gurion University, Beer-Sheva, Israel

^Department of Chemistry, Ben Gurion University, Beer-Sheva, Israel

Abstract

This is a study of electrical conductance and Hall resistance of a two dimensional quantum system

with reflecting walls threaded by a single line of magnetic flux, in which the interaction of the

electron spin with the magnetic field is taken into account. Owing to the lack of rotational

invariance, this interaction affects the numerical value of both quantities and leads also to a slight

deviation from perfect Aharonov Bohm periodicity even for unpolarized electrons.

PACS Nos. 72.20.My, 73.20.Dx, 73.5O.Jt, 03.65.Bz
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TIME-SPACE QUANTIZATION AND GIANT RESONANCES IN TUNNELING
THROUGH A BARRIER

Mark Ya. Azbel'
School of Physics and Astronomy
Raymond and Beverly Sackler Faculty of Exact Sciences
Tel Aviv University, Tel Aviv 69978, Israel

Abstract

Tunneling response is quantized in time and space for each incoming energy.
This is manifested by a cascade of giant resonaces, resonant maxima and antiresonant
minima in probability density. These predictions are valid for any time dependent
tunneling, in any dimensionality, for any type of waves (de Broglie, electromagnetic,
acoustic, hydrodynamic).

PACS # 13.40Gk, 14.50. + r
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UNIVERSAL PROPERTIES OF WAVES IN RANDOM MEDIA

Moshe Kaveh
Department of Physics, Bar-Ilan University
Ramat-Gan 52100, Israel

An overview will be presented of the recent exciting developments
regarding universal features of quantum and classical waves.
In particular, the following new phenomena wiJl be discussed:

1. Memory effects: Can we pass information through random media?

2. Long-range correlation effects

3. New microstatistics of waves.
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Conduction in curvilinear constrictions:

Generalization of the Landauer formula

Mark Yosefin and Moshe Kaveh

Department of Physics

Bar-Ilan University

Ramat-Gan 52100, Israel

Abstract

We have generalized the multichannel Landauer formula to the case

of leads with a variable cross-section. Local equilibrium is achieved

as a result of widening the constriction, rather than by the usual

introduction of reservoirs and inelastic scattering. The generalized

formula provides an explicit dependence of the conductance on the

position of the voltage probes. We show that the previous Landauer

formulae are obtained as limiting cases. Application of this formula

to ballistic transport predicts new structure for the conductance.

PACS numbers: 72.10.Bg, 72.40.Dp, 73.40.Cg
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Photomodulation Spectroscopy in Multiple Quantum
Wells

M. Olszakier, E. Ehrenfreund and E. Cohen.

Physics Department and Solid State Institute, Technion-Israel Institute of Technology,
Haifa, Israel

The electronic levels of multi quantum wells structures such as GaAs/GaAlAs, are usually
studied by optical transitions between the conduction and the valence bands1. Recently large
optical absorption strength associated with an electronic transition between the ground state
(el) and the first excited state (e2) in n-doped multi quantum wells has been reported by
several authors . In all these experiments the conduction band electron quantum well levels
are partially filled, thus allowing the observation of infrared transitions polarized with the
ligth electrical field, E, parallel to the multi quantum wells growth direction (z axis).

In this work we report the first observation of direct, IR intersuband photoinduced absorp-
tion (PA) by photogenerated free excitons, in an undoped GaAs/GaAlAs MQW structure3.
Electrons and holes were optically created, in undoped multi quantum wells, forming ground
state excitons (el:hhl). In spite of the short exciton lifetime, the infrared transition between
the (el:hhl) and the first excited excitonic state (e2:hhl) was observed. These excitons are
associated, respectively, with an electron in either the el or the e2 conduction subbands and
the heavy hole lowest subband, hhl. The assignment is based on polarization measurements
and on a comparison with the energies of the electron and hole subbands as measured by
photoluminescence excitation. A consistent energy level scheme is obtained and the model
calculations provide the quantum well parameters. The oscilator strength of the PA is found
to be ~ 25 times stronger than the corresponding absorption by bare electrons in doped quan-
tum wells . Recent theoretical calculations of the oscilator strength of interband excitonic
absorption in quasi-two dimensional QW (i.e. free motion in the x-y plane and confinement
in the z direction) showed that it is greatly enhanced due to the large coherence area of
the exciton . Using the experimental oscilator strength we estimate the exciton coherence
length to be ~ 5 excitou radii, or ~250A.

References

1. D.S. Chemla, Helv. Phys. Acta 5fi, 607 (1983).

2. L.C. West and S.J. Eglash, Appl. Phys. Lett. 46, 1156 (1985).

3. M. Olszakier, E. Ehrenfreund, E. Cohen, J. Bajaj and G.J. Sullivan, Phys. Rev. Lett.
62, 2997 (1989).

4. J. Feldmann, G. Peter, E. O. Gobel, P. Dawson, K. Moore, C. Foxon and R. J. Elliot,
Phys. Rev. Lett. 59_, 2337 (1987).
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Exciton dynamics of two and three dimensional
excitons studied by Resonant Raman Scattering

I. Brener,
Solid State Institute and Physics Department,

Technion-Israel Institute of Technology, Haifa 32000, Israel

Abstract

Resonant Raman Scattering (RRS) by LO phonons can be used to study the nature of
3D excitons in semiconductor alloys of the form Ai_a.BxC. In Cdi-j^n^Te an asymmetry
between the incoming and outgoing beam resonances in the Raman profile is observed for
x ~ 0.5. This is explained in terms of scattering of the intrinsic excitons by random poten-
tial fluctuations caused by the alloy disorder. 2D excitons in narrow GaAs/Al^Ga^j-As
quantum wells show a much more pronounced asymmetry in the RRS profile. This in-
creased asymmetry is due to scattering of the intrinsic excitons by random well width
fluctuations which are always present in these heterostructures. Electronic Raman scat-
tering (ERS) by acceptors can be used in conjunction with LO phonon Raman scattering
to identify localized excitons in narrow GaAs/AlxGai_zAs quantum wells. It is shown
that this ERS resonates strongly in the region of acceptor bound excitons whereas that
involving LO phonons resonates on delocalized excitons.
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EXCITON - PHONON INTERACTION IN
SUPERLATTICES OF CdTe/ZnTe

Y. Garini

Solid State Institute and Physics Department,
Technion-Israel Institute of Technology, Haifa 32000.

We have studied the low temperature photoluminescence (PL), its ex-
citation (PLE) and LO-phonon resonant Raman scattering (RRS) of several
CdTe/ZnTe superlattices (SL). The SL were grown by MOCVD. They were
excited by a cw dye laser and the PL and RRS spectra were monitored by a
high resolution spectrometer.
The PL band of all the SL was about 40 meV wide. Its excitation spectrum
shows a broad band whose intensity increases exponentially up to about 50
meV above the PL peak. At this energy, a deflection region is observed and
we identify this energy as the peak of the density of extended exciton states.
We attribute the tail of the PLE spectrum to a band of excitons localized by
crystalline imperfections. Most of the PL intensity is observed at the deeper
part of the exponential tail. The origin of the exciton localizing imperfections
is not clear ( random strain , interface fluctuations or both).

The RRS profile shows a broad band with a peak at the energy of the PLE
deflection range. A weaker shoulder is observed at an energy ftw(LO) above
it. We attribute these spectral features to an incoming and outgoing beam
resonances with the extended exciton states, respectively.
The RRS profile is well fitted to a model which assumes an exciton damping
function which is strongly dependent on energy.
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Diamagnetic Spectrum and Oscillations

in an Elliptic Shell

David B< rman

School of Physics and Astronomy,

Beverly and Raymond Sackler Faculty of Exact Scienses,

Tel Aviv University,

Tel Aviv 69978, Israel.

The ballistic electronic motion in a two-dimensional multi-connected system of a

varying width, threaded by a magnetic field, is considered. The quantum states

are classified according to their classical counterparts. The variable width leads

to new types of states, additional to those found in a constant width (circular)

geometry. The feature peculiar to these states is a classical spatial confinement

at the wider regions which leads to quenching of the Aharonov-Bohm oscillations

and the diamagnetic current. In particular, the degeneracy of the spectrum

pertaining to the circular geometry is lifted in the varying width geometry and

irregularly situated gaps appear. The spectrum and wave functions are analyzed

as a function of the magnetic field strength.

PACS numbers: 73.20.Dx, 71.90.+q, 03.65.Ge
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ELECTRO-MAGNETIC MEASUREMENTS OF LAYERED SEMICONDUCTORS.

Dr. Efrat Lifshitz
Departments of Chemistry and Solid State Institute

Technion - Israel Institute of Technology
Haifa Israel.

Many semiconducting materials naturally crystallize in a layered
structure. These materials are formed with strong intralayer bonding
and only weak, so called, van der Waals (VDW) interlayer interactions.
Examples for such compounds are the layered iodides (MI2, MI3),
oxides (M02) and chalcogenides (MX2, MPX3, IIIA-X, M=metal, X=S, Se).

The layered semiconductors exhibit two dimensional character in many
of their physical properties and can undergo special solid state
chemical reactions. Under appropriate conditions guest molecules and
atoms can enter the space between the layers to form "intercalation
compounds". The intercalation process may result in a dramatic
modification of the physical properties of the layered material.

The research described in this paper is concern with the understanding
of changes in the electronic properties of the host lattice occurring
due to intercalation. It leads to the determination of the
intercalation mechanism and correlate this electronic perturbation
with formation of structural defects.

The paper describe the utilization of Photoluminescence (PL) and
Optically Detected Magnetic Resonance Spectroscopy (ODMR). PL studies
have shown a broadening of the conduction band due to the insertion of
defects level near the band edges. Complementary ODMR measurements
demonstrate the presence of a strongly coupled donor-acceptor pair in
the intercalated lattice due to a charge transfer mechanism.

The characterization of the layered semiconductors and their
intercalation derivative have a practical significance because of
their utilization in the leading technologies of solar energy,
electrochemistry and catalytic devices. In addition, the layered
semiconductors may serve as models for other planar systems such as
superconductors and superlattices.

PACS: 31.70.-f; 78.55.Hx; 78.50.Ge.
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Transverse conductance fluctuations in the variable range hopping

regime

D. Kowal and Z. Ovadyahu

Racah Institute of Physics

The Hebrew University, Jerusalem

Electrical conduction in the variable range hopping regime is

generally believed to be through a percolative network of quantum

resistors. The dependence of the resistance of a sample on external

parameters such as temperature and electric field is governed by the

average behavior of the resistors constituting the critical network. It

has been suggested that current traversing across the width of a thin

film in the VRH regime flows almost entirely along a single chain of

sites. The resistance of the selected path and the path itself should

change with electric field and temperature which affect the individual

resistors, thereby bringing about fluctuations in the resistance of the

sample. Measurements of such fluctuations will yield direct information

on the properties of individual quantum resistors. Initial measurements

of the resistance vs. electric field have been taken for Cu-In2O3-

Cu junctions 600A thick of both small and large areas. Reproducible

fluctuations of the resistance were observed from 1 to 4K, washing out

at the higher temperatures.

PACS 72.20 ht.
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Field effect in two-dimensional films of amorphous and

crystalline Indium Oxide deep in the VRH regime

M. Ben-Chorin and Z. Ovadyahu

Racah Institute of Physics

The Hebrew University, Jerusalem

a

The change in the source-drain conductance of 200A thick films of

amorphous and crystalline In2 03-x was measured as a function of the

gate voltage at liquid helium temperatures. An increase of the

conductance is observed for both gate voltage polarities. Applied

transverse electric fields up to 1 V/u cause an electroconductance dG/G

of the order of 0.1% in crystalline films. This electroconductance

appears for R D in the range between 1 Mfl and 1 Gft . Below this range

this peculiar field effect becomes much smaller and cannot be detected.

Amorphous films show large electroconductance, growing with RQ from

about 0.5% at 10 Mil to a few percent around 100 Gil . The

electroconductance seems to be strongly temperature-dependent. It

becomes larger as the temperature decreases.

The origin of this field effect may be connected to non-linear

averaging of the field induced changes in the conductance of the

critical conductors in the Miller-Abrahams percolating network. The

microscopic mechanism by which the changes in the critical conductors

occur is as yet unknown and further investigation should be carried

out.

PACS 72.20 ht.
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THE SIZE OF NUCLEONS IN NUCLEI

Jonas Alster

Tel Aviv University

Abstract

We measured the total cross sections for K+ on C and D and their

ratios from 450 to 740 MeV/c. The ratios are compared to conventional

nuclear reaction calculations and to calculations which include

unconventional effects. From the resu l t s we conclude that

unconventional features have to be invoked in order to explain the

data. Other models, specific to the K+ probe, will be discussed.
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EXPERIMENTS ON PARITY VIOLATION IN THE 17/2" ISOMER IN 9 3 T C

Cyril Broude

Weizmann Institue of Science, Rehovot

Abstract

The '^Tc nucleus has two states of spin 17/2 with opposite parity

separated by only 310 eV, providing good conditions for observing

pari ty v io la t ion . Using the technique of t i l t e d f o i l s and the SHIP

reco i l separator at GSI, Darmstadt, the isomeric 17/2" s t a t e was

polarized and the forward-backward asymmetry of the decay gamma

radiation was observed. Independent experiments measured the degree

of polarization produced by the foi ls . The current estimate of the PV

matrix element i s 0.8(4) raeV. This i s lower than some model

predictions.
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SATURATION EFFECTS IN B(E2) TRANSITION PROBABILITIES IN

DEFORMED NUCLEI

A. Wolf

Nuclear Research Center Negev, Beer-Sheva

The experimental values of B(E2;0. -> 2.) transition proba-

bilities in deformed nuclei increase with increasing valence

proton and neutron number and saturate near mid-shell. This

behaviour is in agreement with predictions of geometrical

models, but can not be explained by valence models such as

IBA, where B(E2) is proportional to the square of the number

of valence nucleons.

It is shown that the saturation effect can be explained in

terms of a reduced proton-neutron interaction due to reduced

spatial overlaps of proton, neutron orbits towards mid-

shell . Microscopic calculations which support this explana-

tion will be presented. The reduced proton-neutron interac-

tion can be expressed in terms of an effective number of

valence nucleons , which is smaller than the number obtained

from normal counting in the major shells. When effective

numbers of nucleons are used, the "saturation" effect can be

explained in the framework of a valence nuclear model.

The concept of effective numbers of valence nucleons will be

discussed in relation to systematics of electromagnetic

moments and transition probabilities.

REFERENCE

1. R. F. Casten, K, Heyde and A. Wolf, Phys. Lett. 208B, 33

(1988)
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NEW RESULTS ON DOUBLE GIANT RESONANCES IN NUCLEI*

S. Mordechai

Ben-Gurion University of the Negev, Beer-Sheva, Israel

Abstract

Recent pion-induced double-charge exchange data from LAMPF show the

existence of previously unobserved giant resonances in the continuum

at high excitation energies. Based on their angular distributions,

energies and cross sections, the resonances have been identified as

two different collective modes of the nucleus: (1) The isovector

giant dipole built on the isobaric analog state and (2) the giant

dipole built on the giant dipole.

The first resonance arises from a charge-exchange dipole and

isospin lowering operators acting sequentially on the ground-state

wave function, and the lat ter arises from a charge exchange dipole

operator acting twice on the ground-state wave function. Recent

results from pion double-charge-exchange experiments will be reported.

The data indicate that the newly observed resonances are general

collective features of al l nuclei for the double-dipole and for nuclei

with neutron excess for the giant dipole resonance built on the

isobaric analog state. The selectivity of pion double charge exchange

in exciting these exotic collective nuclear states will be discussed.

Supported in part by the U.S-Israel Binational Science Foundation.
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APPLIED NUCLEAR PHYSICS AT TRIUMF

Oded Meirav

TRIUMF

Abstract

TRIUMF is not only a world centre of intermediate energy physics,

but i s also involved in applied nuclear physics. This activity

revolves around the production of radioisotopes and the synthesis of

radiopharmaceuticals used as biological tracers and for medical

imaging. Both the main TRIUMF cyclotron and a small 42-MeV cyclotron

are employed in the production of neutron deficient radioisotopes.

Isotopes such as iodine-123 and thailium-201 are used for heart

studies and tumor imaging with minimal radiation hazard to the

patient. Positron emitters (carbon-11, nitrogen-13, oxygen-15, fluor-

18) are incorporated into pharmaceutical substances which are injected

into subjects for brain studies using a Positron Emission Tomography

machine, that was designed and built by TRIUMF. A group of physicists

and mathematicians are striving to develop a whole-body 3-dimensional

imaging. As a result of the fast growing demand for radioisotopes, a

new type of simple, rel iable ad safe commercial cyclotron is being

built at TRIUMF; uti l izing the extensive experience of the local

experts. One of the TRIUMF pion beams is used for cancer therapy with

impressive results in treatment of brain tumors. Finally, new

applications of long-lived radioisotopes and Accelerator Mass

Spectrometry in biomedical and environmental studies wil l be

described.
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SUPERDEFORMED BAND CONFIRMATION IN 1 3 5 Nd BY LINESHAPES-LIFETIME
MEASUREMENTS.

J . B u r d e 1 ' 2 , , R.M. Diamond1 , C.W. B ^ a u s a n g 1 , A.O. M a c c h i a v e l l i 1 ,
Delap
Stephe

j . mirae ' , K.N. uiamona , o.w. ce o , . ,
J.C. Bacelar1 , M.A. Delaplanque1 , J.E. Draper1, C. Duyar1,
R.J. McDonald1 and F.S. Stephens1.

1 Nuclear Science Division, Lawrence Berkeley Laboratory, Berkeley,
California

2 Racah Institute of Physics, Hebrew University of Jerusalem.

A recent very interesting discovery was the observation of bands at
high spin in the mass 150 region that have moments of inertia
indicative of strongly prolate shapes with a 2:1 axis rat io . Con-
sideration of the potential-energy calculations suggested super-
deformed (SD) nuclei in a generalized sense of being part of a chain
of nuclei with deformed gaps depending upon the neutron and proton
numbers. The axis ratios range from 2:1 down to more normally
deformed bands.
Since moments of inertia depend not only upon the nuclear deformation,
but also upon the pairing correlations and the particle alignments,
they are by themselves not a reliable measure of deformation. Better
are the reduced quadrupole transition probabilities, the B(E2), or the
derived transition quadrupole moments, Qt, since they depend primarily
on the shape and deformation. Doppler-shift attenuation methods
(DSAM) provide a general method for lifetimes of less than a pico-
second. Indeed, the first two superdeformed (SD) examples observed,
the band in Ce and in Dy, have had the average values of their
band Qt so determined by DSAM centroid-shift experiments.
The second example of a SD band in the mass-130 region was found in

Nd. The band in N̂d was produced in a 5n reaction by the
irradiation of a 1.06mg/cnr target of 1(-"-lMo on a llmg/cm2 gold backing
with a 175-MeV beam of 40Ar from the LBL 88-Inch Cyclotron. Twenty
Compton-supressed Ge-detectors of the HERA array viewed the target,
and 280 million triple-and higher-coincidence events were stored on
magnetic tapes. The computer program provided histories (collision
paths) for the slowing down of the recoiling ^Nd nuclei in the
target and gold backing, and an associated program calculated the
multiple-step cascade decay for a chosen value of Qt for the band.
Where possible, lineshape analysis should be applied, and in the
present case this gives a different result than the one deduced from
the centroid-shift. Our best estimate is that the SD band in 135Nd
has a transition quadrupole moment Qt=7.4±1.0 barn, with appreciable
side-feeding a l l down the cascade that is of order four times slower
than the transitions in the main band. This suggests an axis ratio of
c/a=1.42.
PACS Numbers: 23.20 Ck, 21.10.Re, 27.60.+J
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SUPERDEFORMATION IN THE MERCURY A=194 AND 193 ISOTOPES

J . B u r d e 1 ' 3 C.W. Beausang1 , E.H, Henry 2 , J.A. B e c k e r 2 , N. Roy2 ,
S.W. Y a t e s 7 , M.A. D e l e p l a n q u e / , R.M. Diamond1 , F.S. S tephens 1 ,
M.J. Brinkman , J.A. Cizewski , J . E . D r a p e r 1 , W.H. K e l l y 1 ,
R.J. McDonald1, A. Kuhnert2, W. Korten1, E. Rubel1 and Y.A. Akovali5

1 Nuclear Science Div., Lawrence Berkeley Lab. Berkeley, California
2 Lawrence Livermore National Lab., Livermore, California
3 Racah Ins t . of Physics, The Hebrew University of Jerusalem
4 Rutgers University, Piscataway, New Jersey
5 Oak Ridge National Lab., Oak Ridge, Tennessee.

The very recent observation of superdeformed (SD) bands in
established a new interesting region of SD. We report here on the
observation of three new SD bands in Hg and two new ones ia Hg.
Three of the SD bands in 194Hg were observed in the 48Ca+I50Nd re-
action. The Ca beam was produced by the Lawrence Berkeley Lab. 88-
Inch Cyclotron. Y-ray coincidences were measured at beam energies of
195, 200, 205 and 210 MeV using the 21 Compton-suppressed Ge detectors
of the HERA array. All three -and higher-fold Ge detector coinciden-
ces were recorded on tape, together with the sum energy and multipli-
city information from the inner 40 section bismuth germanate ball.
The "Y-rays in each cascade are mutually coincident. Isotope assign-
ments for the new bands- were made based on excitation functions, and
on the Y»Y andY- Y-YCoincidence data. The strong band consists of
18 transitions spanning the enrgy range of 254 to 841 keV. The second
(weaker) band consisting of 16 transitions span the energy range of
201 to 742 keV. The third band populated to about 30% of the
strongest band is of 15 Y -rays with energies from 263 to 763 keV.
The transition spacing in all the three bands decrease from about
40 keV at the bottom to around 30 keV at the top, while j'^/ increases
from 96 to 135ffrMeV.

Two SD bands in 193Hg were observed by carrying out also the
22Ne+176Yb reaction at beam energies of 116 and 122 MeV, using the
same experimental arrangement and similar analysis. By comparing the
population of these two SD bands in both reactions we could assign
them to 93Hg. The stronger band consists of 12 transitions with
energies from 293 to 694 keV. A second SD band 40% as intense as the
latter was identified. It consists of 8 transitions with energies
almost exactly halfway between those of the stronger band in *^Hg.
This band could be the signature partner of the stronger SD band in
193Hg.
PACS No: 23.20.Lv, 25.70.-z, 27.80,+w
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ACCELERATOR MASS SPECTROMETRY WITH THE 14 UD

PELLETRON

Elisabetta BOARETTO (*), Dan BERKOVITS (x), George HOLLOS (2)

and Michael PAUL (*)

(1) Racah Institute of Physics, Hebrew University, Jerusalem, Israel 91904

(2) Nuclear Physics Dept., Weizmann Institute of Science, Rehovot, Israel 76100

ABSTRACT

The 14UD Pelletron Accelerator is being utilized as an ultrasensitive mass spec-

trometer capable of measuring extremely low concentration (down to 10~16) of rare

radioisotope not measurable by the decay counting method. The Accelerator Mass

Spectrometry (AMS) relies on acceleration the ions to high energies where single ions

can be unambiguously identified by mass spectrometry and nuclear detection methods.

Several applications of this novel method, have been pionnered over the recent years in

our laboratory and include geophysics, geology, hydrology through atomic and nuclear

physics. The profile of artificial 139I, injected in the enviroment as a fission product is

measured in an ice-core from Greenland. It is planned to measure also MC1, 41Ca. The

discrimination power of an AMS system can be enhanced by combining the use of a

laser with the accelerator. Background negative (e.g. isobars) can be neutralized by de-

taching their extra electron through interaction with a laser beam with properly chosen

wavelength. We have recently studied the case of S9Co, of interest for SflNi radioisotope

detection : a strong suppression of S9Co ions was observed while 59Ni ions were not

affected by the laser. By laser photodetachment in negative ions followed by an AMS

analysis of residual ions, it is possible to measure electron affinities (EA) for specific

negative atomic or molecular ions. Of particular interest is the measurement of the EA

of 238U" and other actinides which have not yet been determined experimentally.
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INDEPENDENT ELECTRON APPROXIMATION METHOD FOR
MULTIELECTRON PROCESS IN HIGHLY CHARGED FAST ION
ATOM COLLISONS

Oded Heber
Department of Nuclear Physics, The Weizmann Institute of Science
Rehovot 76100, Israel

The independent electron approximation (IEA) is extended here for highly charged
ions in the region where perturbation theory is not applied. An unitarization
method for one electron ionization probability is used to approximate the proba-
bility functions.

Experimental data for multiple ionization of gas targets by fast highly charged
ions are used to predict the recoil charge state distributions, after electron capture
process by the projectile. In this new method, good agreement between the IEA
calculations and the experimental data is achieved for projectile charges as high as
48 at 1.4 MeV/u energy range. Scaling low, for small impact parameter ionization
probability as a function of charge state and energy, is given.

PACS no: 34.50.Fa
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Atoms in Intense Liser Fields: Harmonic Generation
Bruce W. Shore and Ken Kulander

Theoretical Atomic and Molecular Physics Croup
Lawrence Livermore National Laboratory

Atoms exposed to pulses of intense nonresonant radiation (intensities exceeding 10"
W/cm1) exhibit interesting, partially understood response. Apart from the well-known
phenomena of multiphoton ionization, it is observed that the photoionized electrons
appear with energies that correspond to absorption of an excess number of photons
beyond the minimum required for ionization. In addition, the internal atomic restruc-
turing produced by the field produces a time-dependent dipole moment that acts as a
source of radiation. When the incident radiation is weak, the induced moment is at the
driving frequency, and produces effects traditionally described by an index of refrac-
tion and an absorption coefficient. As the radiation becomes more intense, the atcnic
response becomes noticeably nonlinear, and consequently new frequencies appear in
the radiation. Typically these occur at multiples of the driving frequency (harmon-
ics)

This talk will describe the method we use1, a version of the time-dependent Har-
tree-Fock approximation, to model the atomic response to pulsed radiation, and will
show results of computations for the harmonics generated by individual rare-gas
atoms. It will note the problems that attend modelling of optically thick samples.

This work was performed under the auspices of the US. Department of Energy at
Lawrence Livermore National Laboratory under contract W-740S-Eng-48.

K. C. Kulander and B. W. Shore, Phys. Rev. Lett. 62, 524 (I9S9)
B. W. Shore and K. C. Kulander, J. Mod. Opt. 36. 857 (1989)
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STRONG EXCITATION AND ION1ZATION OF RYDBERG ATOMS

BY WEAK ELECTROMAGNETIC FIELDS: THE NOISE PUMPING

AND THE RYDBERG ACCELERATOR

B. MEERSON

Racah Institute of Physics. Hebrew University of Jerusalem

Two novel classical mechanisms are proposed for the multi-photon excitation and

ionization of highly-excited (Rydberg) atoms. In the first1, an ensemble of Rydberg

atoms is exposed to a broadband-noise radiation field. In this case, the excitation of

an atom has the form of a random walk of the atomic electron over the Keplerian

orbits and is described by the Fokker Planck equation. The classical diffusion of the

electron is only due to the noise components, which are in the first-order resonance

with the Keplerian motion of the electron. The second mechanism2 employs quasi

monochromatic oscillating field with a slowly decreasing frequency and an amplitude

smaller than the classical chaos threshold arising in the case of a constant

frequency1. An initial, coherent stage of the excitation is based on the dynamic

autoresonance effect and is very similar to many particle acceleration schemes. At a

later stage the electron enters the chaotic region of the phase space, which can lead

to a rapid ionization.

»B Meerson. Phvs. Rev Lea 62 1615 <198<»>

2B Meerson and L Friedland. Phys. Rev A (to be published)

'B.I. Meerson. E. A. Oks. and P. V. Sasorov. JETP Lett. 29 72 (1979).

PACSnumbers: 32. 80. Rm. 02.50.-,%, 03.65.Sq. 05.45
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Fast Magnetic Field Penetration
into Plasmas due to Hall Resistivity

A. Fruchtman and Y. Maron
Department of Nuclear Physics
Weizmann Institute of Science

Rehovot 76100, Israel

A dissipationless mechanism, the Hall resistivity, is shown to enhance the pen-
etration of a magnetic field into plasmas. Two cases are described. In the first case
the magnetic field is shown, in a one-dimensional model problem, to be governed
by a diffusion equation with a complex diffusion coefficient, the imaginary part
of which is proportional to the Hall resistivity associated with the magnetic field
in the direction of penetration. In the collisionless limit the governing equation
is equivalent to the Schrodinger equation for a free particle, and the magnetic
field propagates the way a free particle wave packet expands. The magnetic field
penetration is enhanced by the ratio of the cyclotron frequency to the collision fre-
quency, and is accompanied by oscillations. In the second case, the magnetic field
evolution is governed by Burgers' equation. In this case, for a certain geometry
the magnetic field penetrates the plasma as a shock, while in a different geome-
try the Hall resistivity can expel the magnetic field from an intially magnetized
plasma. The enhanced magnetic field penetration induced by the Hall resisitivity
might be relevant to the enhanced magnetic field penetration observed in plasmas
in pulsed-power devices.

PACS No. 52.25.Fi
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DIFFUSIVELY COOLED CO2 AND CO LASERS

S.Yatsiv
The Racah Institute of Physics

The Hebrew University of Jerusalem

(No abstract)
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DIRECT OBSERVATION OF PREFERENTIAL BOND FISSION INDUCED

BY EXCITATION OF A VIBRATIONAL FUNDAMENTAL:

PHOTODISSOCIATION OF HOD (0,0,1)

I. Bar, Y. Cohen, D. David and S. Rosenwaks

Department of Physics, Ben-Gurion University of the Negev

Beer-Sheva 84105 Israel

and

James J. Valentini

Department of Chemistry, University of California, Irvine, California 92717

The 193 nm photodissociation of individual rotational levels of HOD molecules excited with one

quantum of O-H stretching vibrational energy is described. Stimulated Raman excitation and

coherent anti-Stokes Raman scattering are used to prepare and detect, respectively, the (0,0,1)

vibrationally excited HOD. The OD and OH fragments are detected by laser induced

fluorescence. The photodissociation of the HOD (0,0,1) molecules yields at least three times

more OD than OR

This research is supported by a grant from the United States-Israel Binational Science

Foundation (BSF), Jerusalem, Israel.

PACS no: 33.8O.Gj , 42.65.Cq .
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THE EFFECT OF STOKES-ANTISTOKES COUPLING ON THE SAIN OF RESONANT
STIMULATED RAMAN SCATTERING

B. Nathanson and M. Rokni
The Racah Institute of Physics, The Hebrew University of Jerusalem,
Jerusalem, Israel.

It is well known that in nonresonant Stimulated Raman
Scattering (SRS) under phase matched conditions the Stokes—
antiStokes coupling results in suppression of the exponential gain of
both the Stokes and of the antiStokes fields to zero.11 This
phenomenon known as parametric gain suppression, leaves the intensity
of the laser beam passing through the medium practically unchanged, as
the Stakes and the antiStokes processes cancel each other. We consider
the effect of Stokes-antiStokes coupling on the gain of these two
field, in the case of resonant stimulated Raman scattering (RSRS). The
analysis shows that as one approaches the conditions for RSRS, the
gain suppression due to the Stokes-antiStokes coupling under phase
matched conditions, becomes smal ler and smaller, and the gain of the
Stokes intensity approaches the value for zero Stokes-antiStokes
coupl ing. Furthermore, one finds that sufficiently close to resonance
the antiStokes gain is largest under complete phase matched
conditions, (although considerably smaller than the gain for the
Stokes field under same conditions), and it decreases to zero with
increasing mismatch with a Lorentzian dependence of the gain on the
mismatch parameter Ak. The cancel ation of the parametric gain
suppression for RSRS, is a result of the fact that near resonance the
nonlinear susceptibility at the Stakes frequency becomes much larger
than that at the antiStokes frequency.

1) N.Bloembergen and Y.R. Shen, Phys. Rev. Lett. 12, 504 (1964).
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IMPURITY PHDTOCXJNDUCTION IN DENSE XENON GAS DOPED BY METHYL IODIDE

U. Asaf1, G. Ascarelli=, R. Reininger35, G. Reisfeld1.
M. Reshotko* and I.T. Steinberger1

^-Racah Institute of Physics, The Hebrew University, Jerusalem
91904 Israel

^Department of Physics, Purdue University, West Lafayette, IN
47907, USA

^HASYLAB at Deutsches Elektronen Synchrotron DESY, Notkestr. B5,
2000 Hamburg 52, F. R. of Germany

Recent extensive absorption and photoconductivity studies of
molecular Rydberg states perturbed by rare gases did not include
xenon as a perturber, since strong xenon absorption in the
spectral region of high Rydberg states interferes with
conventional absorption measurements. We utilized impurity
photoconductivity excitation spectra by means of a special cell
with two parallel gold electrodes deposited on the inside of the
front window. Both spectroscopic information, namely the peak
positions, as well as photoconductivity thresholds were obtained
in the same measurements. We present here results for host number
densities from 3 to 40 x 1011Ptm~3 and relatively high (up to
1.1"/.) methyl iodide concentrations. Absorption bands of the host,
including both the strongly perturbed allowed transitions as well
as the molecular bands associated with forbidden lines, appear as
dips on the photoconductivity spectrum. For photon energies below
9.5 eV, the photccurrent rises exponentially with photon energy.
Steps are superimposed on this rise, due to the members of the ns
and nd Rydberg series of CH3I. At a given photon energy and
fixed CH3I concentration the photocurrent is proportional to the
host density. The impurity photoconductivity threshold shifts to
lower photon energies with increasing density and so do the
Rydberg steps, however, the threshold shift is more pronounced
because of adiabatic polarization effects. From the shift rate of
the Rydberg states we determined the electron scattering length as
a = -O.324 nm, in excellent agreement with results from alkali
metal/xenon absorption spectra. Other parameters, like sudden and
adiabatic polarization contributions were also determined and
compared with a simple model. The results clearly show that
impurity photoconduction in the system takes place by ionization
of Rydberg states.

PACS no: 33.20.Ni
33.90.Ih
33.80.Rv
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EFFECTIVE SPOT SHAPE OF AN X-RAY TUBE

*y

Benjamin S. Fraenkel

Laboratory of X-ray and Vacuum Ultra-violet Spectroscopy

Racah Institute of Physics

The Hebrew University, Jerusalem

The effective shape of such a spot i s specified by the manufacturer,

having he dimension of e.g. Ix2mm. The radiation of x-ray tubes which

is • employed in material research is utilized usually at one wavelength,

namely the K radiation of the material of the anticathode. Is this

radiation emitted uniformly from the area of the spot, does the whole

area of the spot emit this radiation, is there any correlation between

the specification of the spot and the actual emitting area? These

and other spot problems will be discussed.
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NON LINEAR OPTICAL ISOLATOR BASED ON STIMULATED BRILLOUIN SCATTERING,
AND THEIR APPLICATION IN ADVANCED LASER SYSTEMS

S. Atzmon, S. Jackelj R. Lallouz, and A. Zigler
PJasma Physics Department, Soreq NRC
Yavne 70600, ISRAEL

Nonlinear isolators (NLI's) based on high reflectivity stimulated
Briilouin scattering (SBS) were developed. The Isolators allow high
transmission of subthreshold laser light in the forward direction, but
provide high reflection of supra threshold light propagating 1n the
bacward direction. The main advantages of these isolators are passive
operation, insensitivity to laser light polarization, and fast response
time (nanoseconds). The contrast measured in the near and far fields
was found to reach 20dB, The energy transmitted in the backward
direction was found to equal the threshold energy, in agreement with
known theories.

An NLI was incorporated into an advanced phase-conjugated multiple-pass
amplifier (PCMPA). The amplifier head was a 2cm diameter Ndtglass rod.
High energy gain, in excess Of 1 0 , was obtained in a triple pas&
configuration. In a regenerative mode the gain approached 10 . These -
values of gain should be compared to small-signal gain of 38 and to
saturated gain of 4 in a single-pass configuration. Beam quality was
good.
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Binary Diffractive Optics for Far IR Radiation

E.Hasman, N. Davidson and A.A. Friesem

Weizmann Institute of Science, The Department of Electronics

Rehovot 76100, Israel

ABSTRACT

A novel method for designing and recording binary diifractive optical elements

for far infrared radiation has been developed. The design method is based on ana-

lytic ray-tracing procedure that yields an analytic solution for the diifractive grating

function. The recording of the elements is performed with binary optics that involve

computer generated plots with high resolution laser printer and plotolithographic

techniques. The diffraction efficiencies depend on the shape of the grating struc-

ture, where the shape can be controlled with multi-level lithography. The design

method will be illustrated by designing, recording and testing aspheric low / number

focussing elements for 10.6 microns wavelength having diffraction • limited perfor-

mance over a broad range of incidence angles. The predicted and experimental

results will be presented, and the problems associated with shaping of the gratings

will be discussed.
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Elements for Diffraction-free Beams

N. Davidson, A.A. Friesem and E. Hasman

Weizmann Institute of Science, The Department of Electronics

Rehovot 76100, Israel

ABSTRACT

A new class of solutions to the scalar wave equation was recently reported1.
These solutions, reveal the existence of diffraction-free beams, having intensities
that do not change along the propagation distance *, i.e. /(x,y,* > 0)« I{*,v,* « 0).
Yet, these beams may be highly localized in the transverse directions. Although
these solutions are not square integrable, and therefore may not be realized in a rig-
orous sense, finite aperture approximations exhibit the main propagation features
of true diffraction-free beams over long distances1*3. We discuss and demonstrate
the realization of various finite aperture approximations by means of holographic
optical elements (HOEs). The properties of these approximations are analyzed the-
oretically, by solving the Fresnel-Kirkhof integral first analytically, using various
approximations, and then numerically in an exact manner. Finally, one element
was designed, recorded and tested. The results demonstrate a beam having a cen-
tral peak of 70 microns that is diffraction-free for 2 meters. The details of the design
and recording of the element, and the experimental procedure and results will be
presented.

Reference

1. J. Durnin, J.J. Miceii and J.H. Eberly, "Diffraction-free beams", Phys. Rev.

Lett. 56,1499 (1987).

2. A. Vesara, J. Turunen and A.T. Griberg, "Realization of general non-
diffracting beams with computer generated holograms", J.Opt.Soc.Am. A
6,1748 (1989).
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Observation of Non-Maxwellian Electron Energy Distribution

in a High-Power-Diode Plasma

M. Sarfaty, M.E. Foord, A. Fruchtman, L. TVoyansky and Y. Maron

Nuclear Physics Department

Weizmann Institute of Science

Rehovot, Israel

Tunc-dcpcudcnt measurements of the level populations ratios and the electron density,

together with time-dependent collisional radiative calculations, are used to determine the

electron temperature in an intense ion-diode plasma. Level population ratios in CIII

triplets, Mgll, and A1III, in which the measured levels lie within ~ 10 eV, indicate an

electron temperature of 5-8 eV. However, ratios from CIII singlets and Bill atomic systems

in which the measured levels lie within 2:25 eV, indicate a much higher temperature: 20-

30 eV from Bill and 30-50 eV from CIII singlet, these results suggest the existence of a

higher-energy component for the electrons.

Spatially resolved line intensity ratios of CIII triplets and singlets together with Bill

indicate that the electron temperature across the plasma is uniform, having the same line

intensity ratios as in the spatially integrated measurements.

Detailed calculations are being used to study four different possible electron energy

distributions: two unshifted Maxwellians, one shifted and one unshifted Maxwellian, rel-

ativistic electron component, and a runaway electron distribution. Electron distributions

which best fit the measured line ratios are given and possible explanations are discussed.
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INVESTIGATION OF A HIGH-POWER-DIODE PLASMA USING LASER
ABSORPTION AND FLUORESCENCE
G. Davara, L. Perelmutter, and Y. Maron

Physics Department, Weizmann Institute of Science
Rehovot, 76100, Israel

We determined the particle density and velocity distributions in the surface-
fiashover-produced anode plasma in a magnetically insulated diode, using laser absorp-
tion and laser-induced-fluorescence. These methods allow to determine directly the
densities of the ground state, or of states that radiate in the VUV region, and also to
investigate the region close to the anode surface.

Using magnesium seeded in the plasma we determined the density of the Mgll
ground state (3Si/2), of the first excited state (3P3/2), and of the Mgl ground state
(3P0) as a function of time and distance from the anode surface. The Mgll ground state
density within 30/im from the anode surface was found to be ~ 1013cm~3, more than
an order of magnitude higher than that observed in the 2-mm-wide anode plasma. This
dense layer probably serves as the source of Mgll and Mglll ions injected throughout
the pulse into the plasma1 K Similar measurements were performed for the hydrogen
n = 2 level. Hydrogen atoms were found to be distributed much farther from the
anode surface than Mgll. This results from the higher hydrogen velocity and the slower
hydrogen ionization.

The Mgll Doppler broadened absorption profiles gave an Mgll temperature ~ 20
eV already within 30/xm from the anode surface, showing that the Mgll velocities seen
in the anode plasma2' are acquired by the ions very close to the anode surface. The
significance of the results for the understanding of the particle injection from a wall into
a plasma is being studied.

1) Y. Maron, L. Perelmutter, E. Sarid, M.E. Foord, and M. Sarfaty, Phys. Rev. A
Jan. 1990.

2) Y. Maron, E. Sarid, O. Zahavi, L. Perelmutter, and M. Sarfaty, Phys. Rev.
A39, 5842 (1989).
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ENHANCEMENT OF THE MOON TRANSFER PROCESS UNDER LASER IRRADIATION

Z. Henis and S. Eliezer

Plasma Physics Department

Soreq Nuclear Research Center, Yavne 70600, Israel

Abstract

It is suggested that the rate of the muon catalyzed fusion cycle can

be increased by powerful electromagnetic fields.

The fraction of muon* reaching the deuterium ground state Qjg can be

decreased (and thus increasing the fusion cycle) by changing the route of

the muon deexitatlon cascade under laser irradiation. The muon cascade is

determined by a competition between radiative transitions, external Auger

transitions, quenching of the muon levels and transfer processes. The muon

transfer cross section from the 2S level of deuterium is larger by a factor

of about 5 than the transfer cross section from the 2P level. Therefore the

following two step process is proposed in order to enhance the rate of the

muon transfer (1): (a) a laser induced transition between the levels 2P and

2S of the deuterium (b) muon transfer by collisions to the tritium 28

level. The results show that a 0.2 eV laser (the Lamb shift in deuterium)

with an intensity of about 10* If/cm2 can decrease the value of Q l g by a

factor of three.



49

PULSED LASER OPTOGALVANIC LINE PROFILE OF Cu

AUTOIONIZATION LEVEIS

M. Hakharn-ltzhaq and R. Shuker

Physics Department, Ben -Gurion University Beer-Sheva,

Autoionization Levels are generally very broad , short lived and have

characteristic asymmetric line profile, the well known Fano-shape.M We present

here typical measurements of the lineshape of a few autoionization levels of Cu

atom, lying closely to the ionization limit, using pulsed optogalvanic technique. (2)

In this methode, a discharge response to changes in the populations and electron

distributions Induced by laser absorption is ultilized as spectroscopic tool. We

used a pulsed dye laser of 15 nsec in width and 7 Ghz in linewidth to scan the

transition profile of two autoionization transitions in copper at wavelengths of

467.47nm and 469.75nm. . An one cm'1 tuning of the dye laser is used across

the broad transition profiles of the order of i0 cm-1.

The results exhibit the characteristic Fano shape for these transitions. This

demonstrates the usfulness of this technique in the study of lineshapes and

line-profiles.

References

(1). U. Fano and J. W. Cooper, Phys. Rev 136A .1364 (1965).

(2). A. Ben-Amar. et a l . , J. Appl. Phys 54 , 1473 {1983).
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A Light Source Smaller Then the Optical Wavelength

Klony Lieberman and Aaron Lewis
Department of Applied Physics, School of Applied Science
The Hebrew University of Jerusalem

A method has been developed for the efficient emission of light from subwavelength
dimensions. It is based on packaging light as molecular excitons, effectively ieducing
the volume of the light beam by 109 and making possible propagation through
dimensions of 1 nanometer. Molecular microcrystals are grown in the tips of miciopipettes
that have inner diameters of 100 nanometers or less. Measurements are presented that
demonstrate this improvement in transmission for pipettes of various diameters. The
ultrasmall dimensions of these light sources, the wavelength range (ultraviolet to red)
of their emission, their ease of production and their expected unique abilities for high
efficiency excitation-imaging of surfaces portend significant applications for this
methodology.
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THE EFFECT OF EXCITATION-AUTDIONIZATIDN PROCESSES ON

THE EMISSION OF Znl- AND Gal-LIKE RARE EARTH IONS IN

HOT CORONAL PLASMAS.

D. Mitnik , P. Mandelbaum , J.L. Schwob and M. Finkenthal

Racah Institute o-f Physics , The Hebrew University

91904 Jerusalem , Israel.

and

J. Oreg

Nuclear Research Center of the Negev

P.O.Box 9001,Beer Sheva,Israel.

A systematic variation in the line intensity ratios of Gal-

and Znl - like Pr ( Z=59 ) to Dy < Z«66 > ions has been

observed in spectra emitted by atoms injected in a low

density high temperature tokamak plasma . This variation is

shown to be correlated with the closing , in the Gal-like

ionization state,of the autoionizing channels ( through the

excited 3d*4sa4p4f configuration > as Z increases. Detailed

calculations have shown that for the Gal-like ions at an

electron temperature corresponding to the most abundance at

coronal equilibrium , the ratio of the excitation -

autoionization to the direct ionization rates decreases

from 2.5 in Pr to 0.3 in Dy . Using an average branching

ratio method , these data have been extrapolated to other

ionization states and their influence on the fractional

of Znl- and Gal-like charge states abundance curves at

coronal equilibrium has been analysed.

PACS n- 32.30,34.80 and S2.20
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SELECTIVE POPULATION OF IONIC LEVELS BY INNER

SHELL EXCITATION-IONIZATION AND CHARGE EXCHANGE

PROCESSES IN A PENNING IONIZATION DISCHARGE

D. Btutman, M. Finkenthal and J.L. Schwob

Racah Institute of Physics, Hebrew University

Jerusalem 91904, Israel

Emission of Znll and Znlll ions from a Penning

Ionization Discharge with He as buffer gas, have been

analysed in the VUV and XUV range, by means of a 0.5 m

monochromator and a 2m grazing incidence Schwob-Fraenkel

spectrometer.Depending upon the pressure of the He buffer

gas we observed two different excitation-ionization

mechanisms which determine the emission spectrum. At low

pressures (in the mtorr range) the spectrum was indicative

of significant inner shell excitation-ionization

processes; thus the 3d*4s levels of the Znlll ion seem to

be populated mostly by ionization of the preceeding state

of ionization in its ground or excited levels.

At the other extreme of He gas pressure (in the torr

range) the spectrum showed a very strong enhancement of

the 4p-4d and 4p-5d transitions compared to the low

pressure case. This is attributed to charge exchange

processes between Hell ions and Zn neutrals.

Both the above processes arm excitation mechanisms

relevant for lasing processes in the vacuum ultraviolet

range.

PACS No: 32.30 and 52.25
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The Structure of Carbon Clusters as Studied by the Coulomb
Explosion Method

H. Fcldman, D. Kella, E. Malkin, E. Miklazky, Z. Vager and J. Zajfman
Department of Nuclear Physics, Weizmann Institute of Science, 76100
Rehovot Israel

R. Naaman
Department of Isotope Research, Weizmann Institute of Science, 76100
Rehovot Israel

Most of our knowledge of the structures of free molecules comes from
indirect observations that focus on other properties that depend on
structure (spectroscopy, electron scattering etc.), but the Coulomb
Explosion Imaging (CEI) method yields direct geometrical images of
individual molecules. This technique takes the advantage of the large
Coulomb repulsion of the nuclei within molecules when rapidly stripped of
their electrons. This scheme provides the ability to obtain the structure of
many species never revealed before. It also provides, in principle,
information on how the atoms move relative to one another, and thus how
their motions are correlated.

Obtaining structural information on non rigid species has been a
difficult task for the conventional methods (spectroscopy etc.). On the
other, hand the CEI method is very well suited for investigating floppy
species. The study of clusters has become the focus of much research in
recent years. Carbon clusters in particular have received much attention
because of their relevance to interstellar chemistry, and combustion
chemistry. Small carbon clusters are interesting since even though a number
of high level calculations indicated that there are both stable chain and
ring isomers, in past experiments it was found that a cyclic form could be
detected only when the number of atoms exceeds nine.

At the Weizmann Institute the CEI method has been further developed
and has enabled us to explore the structure of small carbon clusters.
Negatively charged species are accelerated at the Weizmann Institute
Pelletron accelerator. After reaching the high voltage region in the
accelerator (the terminal), they are photodetacned by a pulsed laser. This
process ensures a gentle and selective neutralization. Hence isomers can in
principle be distinguished by their electron affinity. Applying this setup,
we observed the non linear isomers of C4, Cg and C6 which have never
been detected before. A complete analysis of the CEI data for C4 was
carried out, revealing a near rhombic structure. We could also determine
the electron affinity of these cyclic isomers. For C4 an electron affinity of
2.1 ±0.1 eV was found, more than one eV lower than the electron affinity
of the linear isomer. Upper limiti for the electron affinities of non linear
C, and C« where established at 2.35 eV(532 nm of NdYAG).
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Supercomputers, molecular dynamics and hydrodynamics

D. C. Rapaport, Physics Department, Bar-Ilan University

Algorithms designed for large-scale molecular dynamics simulation on vector and parallel
computers are introduced, and the results obtained when these methods are applied
to the modeling of fluid flow at the microscopic level are described. The molecular
dynamics approach has been used to reproduce the familiar hydrodynamic effects of
vortex formation in obstructed flow and convective roll development in a Rayleigh-
Benard cell; although the studies carried out so far involved between 20 and 200
thousand particles (depending on the problem), considerably larger systems will be
needed for more detailed exploration in the future. In order to lay the foundation for
work of this kind, feasibility studies addressing multi-million particle systems have been
carried out on computers such as the Cray YMP and a 6-t-node Intel iPSC/2, using
computational methods developed specifically for the vector and distributed processing
environments.



55

DOING IT FASTER THAN NATURE

(CRITICALLY ACCELERATED ALGORITHMS)

Sorin SOLOMON

The Hebrew Univers i ty of Jerusalem

I review some modern methods which d r a s t i c a l l y reduce the

Cr i t i ca l Slowing Down (CSD) in Monte Carlo (MO simulations of

S t a t i s t i c a l Mechanics and Quantum Field Theory l a t t i c e models.

In addi t ion to the obvious computer c o s t advan tages , t h e s e

methods lead to a deeper unders tanding of the b i r th of the

macroscopic physics from the elementary dynamics of many

fundamental microscopic deg ree s of freedom.

Indeed, t he global MC s t e p s devised in th i s contex t , a c t on

the t r u e , dynamically decoupled macroscopic degrees of freedom

characterizing the critical system.

The pseudo-dynamics of the system (i.e. the evolution of the

system during the . omputer simulation) in terms of these

variables does not suffer from CSD.

The construction of algorithms with no CSD is a stunning

revolutionary development which allows the sparkling of new

original ideas in a field which feared for a moment to be

doomed to the use of brute-force methods.

The full scientific and technological impact of the new methods

is still difficult to estimate.

At least we are speaking about orders of magnitude speed-up In

a wide range of applications.
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THE APPUCATION OF A SPECTRAL METHOD IN 2D STELLAR
HYDRODYNAMICS

P. Gordon and G. Shaviv
Technion

(No abstract)



57

VERIFICATION OF FUNDAMENTAL PRINCIPLES OF MECHANICS IN THE
COMPUTERIZED STUDENT LABORATORY

Shulamith G. Eckstein L Dan Fekete
Department of Physics, Technion - Israel Institute of Technology,
Haifa 32606, Israel

The new high standard of precision made possible by computerized
data acquisition and analysis enables students to investigate many
principles of Mechanics which have heretofore not been feasible.

In collision experiments on an air track, the motion of gliders can
be followed in detail throughout the collision. The motion of the
gliders may then be analyzed in order to study center of mass motion;
action and reaction forces; force and the energy gradient; impulse
and momentum change; and work and energy change. In addition, the
force law between two magnets may be measured statically, and the
result compared with that obtained by dynamic measurements.

The computerized student laboratory may also be used to study driven
harmonic oscillations of gliders on an air track. Both transient
behavior and steady state behavior may be investigated. In transient
behavior, beats are observed when the driving frequency is not equal
to the resonant frequency; and when the driving frequency is equal to
the resonant frequency, oscillations are observed to grow linearly
with time. In steady state behavior, both amplitude and phase are
measured as functions of frequency.
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T H E USE OF NO FREE E N D DIAGRAMS IN SERIES EXPANSIONS

Lior Klein', Joan Adler* >, Amnon Aharony',

A. B. Harris* t t and Yigal Meir.t

fSchool of Physics and Astronomy,

Beverly and Raymond Sackler Faculty of Exact Sciences,

Tel Aviv University, Tel Aviv, 69978, Israel.

•Department of Physics, Technion-IIT, 32000, Haifa, Israel.

^Department of Physics, University of Pennsylvania,

Philadelphia, Pennsylvania, 19104, U.S.A.

Series expansions are a well known and widely used method for calculating various thertno-

dynamic properties. However, it is quite difficult to obtain high order series, since the number

of diagrams that we should consider increases very quickly. For this reason A.B. Harris1 intro-

duced the no-free-end (NFE) diagrams scheme that requires only a small subset of all the possible

diagrams.

To implement this scheme it is necessary to solve the model on the Cayley tree and to

perform some complex calculations on each NFE diagram. Although these calculations can be

quite complicated, they yield enormous saving* in computer time, because the number of NFE

diagrams is so much smaller then the total number of diagrams. For example, there are 13 NFE

diagrams with 11 bonds on a hypercubic lattice, whereas the total number of diagrams with 11

bonds on this lattice is 1572.

We have used this scheme to generate series up to 15th order for different susceptibilities of

dilute Ising spin glass3 on a hypercubic lattice in general dimension. The series generation consists

of terms calculated on each NFE diagram, (which depend on temperature and concentration and

not on dimension) multiplied by the embedding factor of each diagram. The latter depends on

the topology of each diagram and we have these factors as function of dimension. Therefore our

series are obtained as a function of dimension, temperature and concentration, thus providing the

basis for a comprehensive study of the critical properties of the dilute Ising spin glass.

[1] A. B. Harris.Phys.Rev.B 20,337(1962).

[2] L. Klein, J. Adler, A. Aharony, A. B. Harris and Y. Meir.Pfcy. Rev B 40,4824(1989).
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COMPUTER MODEL FOR DIFFUSION OF FLUORINE IN
AMORPHOUS SILICON

A. Silverman, J. Adler and R. Weil

Department of Physics, Technion-IIT

Haifa 32000, Israel.

The presence of fluorine in amorphous silicon (a-Si:F) films has a benefi-

cial effect on their electronic properties. Consequently, we found it of interest

to study the diffusion parameters for this material. In connection with ongoing

experimental work on a-Si:F, we have built a computer model for amorphous

silicon. Molecular dynamics are used to simulate the process of fluorine diffu-

sion in the amorphous silicon. The molecular dynamics are generated from first

principles using the silicon-silicon and silicon-fluorine potentials. We propose a

new simulation scheme that generates amorphous silicon samples directly from

the crystalline phase. The model allows for dangling bonds, vacancies and mi-

crovoids. These models can be used to determine bond strength distributions and

diffusion mechanisms as functions of the temperature and concentration variables.

PACS no: 02.70.+d
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Are the Loner Critical Fields of High-T Superconductors Known?
c

Y. Yeshurun

Departaent of Physics, Bar-IIan University

The lower critical fields Hc. of nigh-temperature superconductors have

been Measured extensively during the last three years by many experi-

aental groups. The values of HCl, however, are still controversial.

For exaaple, for YBaCuO at 4.2 K estimations of Hc, for fields perpen-

dicular to the Cu-0 planes range froa 400 Oe to 4 kOe. Siallarly,

for fields in the planes, values of Hc. range froa 70 Oe to 500 Oe.

The teaperature dependence is also controversial and, in particular,

several groups report on anomalous behaviour at low teaperature. In

this talk we review the experiaental techniques and results, and discuss

possible drawbacks in the experiments which say explain the ongoing

controversy.
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DETERMINATION OF HIGH Tc SUPERCONDUCTING PROPERTIES IN
SINGLE CRYSTALS BY MICROWAVE TECHNIQUES

D. Shaltiel

The Racah Institute of Physics, The Hebrew University of Jerusalem,
Jerusalem 91904, Israel.

The investigation of YBa2Cu3O6+8 single crystals by microwave techniques
will be discussed. Two cases will be presented:

1) Microwave absorption across Tc. It is shown that using an ESR
spectrometer with magnetic modulation, and sweeping the temperature
across Tc (at constant and low magnetic field) is equivalent to temperature
modulation, and that the intensity of the signal obtained is proportional to
l/(6Hc2/5T) at T = Tc. Using the WHH estimate (8HC2/5T)T«TC=HC2(0)/0.7TC,

this technique enables the measurement of the relative angular variation of
HC2- Results in single crystals of YBaCuO show good agreement with the
Ginzberg-Landau theory on the anisotropy of

2) Use of ESR of Gd impurities to probe magnetic interactions in YBaCuO.
Gd replacing Y, has small effect on the superconducting properties of
YBaCuO. It can therefore be used as a probe to investigate magnetic
interactions in these compounds. The ESR of 3-6% Gd replacing the Y in
single crystals of YBa2Cu3O6+5 5 * 0.1 and S * 0.7 (Tc « 77K) has been
measured in the a-c and a-b plane. Comparison between the spectra in the
insulating and superconducting compounds shows similar angular
dependent behavior. This seems to indicate that the origin of the observed
exchange narrowing is the same in both compounds. Since this narrowing
in the insulating compound arises from interaction with, or via, the Cu
magnetic system, it is implied that there is a similar, perhaps fluctuating,
system in the superconducting state.
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THEORIES OF HIGH Tc SUPERCONDUCTORS - TWO VERSUS THREE
DIMENSIONS

Baruch Horovitz
Department of Physics, Ben-Gurion University of the Negev,
Beer-Sheva 84105, Israel

Recent Theories for superconductivity in the Cu-O based compounds are reviewed.
Theories based on a Hubbard model, or its extension to a t-J model, lead to flux phases
and possibly to objects with fractional statistics - "anyons". The anyon model is specific
to two dimensions, while more conventional theories (e.g. phonons, excitons) do not
necessarily require two-dimensionality.

Relevant experimental data includes resistive fluctuations, nonlinear current-voltage
relation and a reversible vortex phase regime with a sharp transition to an irreversible
regime. All these phenomena have not been observed in conventional three dimensional
superconductors. The data is discussed in terms of a transition from two to three
dimensions with implications to the above mentioned theories. Further experiments,
which may indicate the proper theoretical approach, are proposed.
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ROGH TEMPERATURE OXYGEN CONDUCTION in YBa2CU3O7_x:
A Synthetic Tcol for Preparing Metastable Superconducting Biases.

Yosef Scolnik, M. Schwartz, M. Rappaport, G. Hodes and D. Cahen
The Weizmann Institute of Science, Rehovot, Israel 76100

The oxygen content of VBa2Cu3(>7 „ can be reduced quantitatively, in a controlled
manner, at room temperature (RT), using an electrochemical set-up with
YBa2CU30b_x as the cathode and a non-aqueous liquid electrolyte, such as a
tetra-alkyl ammonium salt solution in propylene carbonate. This method differs
from other reduction processes for YBa2Cu30y_x, including so-called low
temperature ones, because of its truly low temperature, with all the benefits
and problems associated with this. Of special interest to us is the system's
ability to undergo structural rearrangements after oxygen extraction. RT
reduction of ¥Ba2Cuo0y_x is possible because of the remarkable RT mobility of
some of the O in this material. This is confirmed by our determination of the
effective chemical diffusion coefficient of _O (CRT) from current decay
measurements, which yield a value of 4(+2).10~12cnr/sec, for 0<x<0.5. This
value is orders of magnitude higher than what can be estimated from
extrapolation of reported high temperature data. It is, however, quite
reasonable, compared to reported values for other O-deficient perovskites (as
confirmed by us). Also, this result agrees with what we estimate from the time
of reduction and average particle size, observed by SEM.

The reduced materials have been characterized by XRD, electrical resistivity and
magnetic susceptibility measurements. As expected, RT-reduced pellets are
inhamogeneous with respect to x, lacking lcng range order especially along the a
axis. Fran our experimental data we deduce that, in the case of pellets,
regions are formed upon reduction with x increasing towards the core of the
grains and with T c values intermediate between 60 and 90 K. Me ascribe the
occurence of these intermediate T c values to "freezing in" of metastable
structures, resulting from the reduction process, after removing the applied
voltage from the sample. These regions have a and c parameters larger and
smaller, respectively, than what is found for samples prepared by alternate
routes, with similar average 0 contents. The unique character of these
structures becomes clear from our finding of samples with ca. 20 K Tc, after
reduction to x=0.2 and subsequent annealing at 300*C (yielding a final O-content
of x=0.29 after anneal). Such T c behavior appears not to be accessible by other
ways.

The electrochemical nature of the reduction process has been proven by
coulometry and by semi-quantitative analyses of major reaction products in the
electrolyte. As a result of YBa^CugOy.jj reduction the electrolyte undergoes an
unusual chemical reaction at the cathode, producing mainly propanal, rather than
propane. This can be explained by effusion of reactive 0 species from the
cathode. Other perovskites or Ag-covered YBa2Cu3O7_x cathodes do not show this
behavior.

Among the implicaticns of this work we note the problem of 0-loss from cuter
atomic layers in cuprate superconductors, the suggestion of unusual T c effects
with near-RT oxygenated samples and its applicability to thin films.

Partial support from the US-Israel Binatlonal Science Foundation, Jerusalem,
Israel, is gratefully acknowledged.
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The Competition Between Superconductivity and AntiferromagnetisB

of

I. Felner, E.R. Bauminger, D, Hechel, U. Yaron and I. Nowik

The Racah Institute of Physics, The Hebrew University of Jerusalem,

Jerusalem 91904, Israel.

The systems *i-3?
r^a2Cn30z " ^ x = 0 t 0 1 a n d YBa2Cu3-yMy°z M=Fe a n d Zn»

with y=0 to O.75i and z=6 and 7, doped with 5 Fe, have been studied by dc

mafcaetcmetry to determine the superconductia% phase transition temperature,

and by "Fe Mossbauer spectroscopy to determine the antiferromagnetic phase

trans i t ion temperature TJJ of the Cu(2) s i t e . In those cases where

substitution i s made out of the CM^ planes, for z=7, Tc i s reduced with ,

increasing the dopant concentration. Antiferromagnetism i s found at

concentrations where the superconductivity disappears, which m>ans that the

materials exhibit either superconductivity or antiferromagnetic order,

depending on composition. The phase diagrams obtained are very similar to the

well known oxygen content dependence phase diagram. For z-6, TJJ changes very

l i t t l e with x or y. There i s no conclusive evidence for overlap of

superconductivity and antiferromagnetism. For substitution of Zn jLn_ the CuĈ

plane a different behavior i s obserred. Here the magnetic order i s never

found in oxygen rich samples, and for the z-6 samples T̂  depends on Zn

concentration and antiferromagnetisn disappears approximately at the same

concentration where superconductivity for the oxygen rich samples i s

destroyed*

PACS Numbers: 74.10+V, 74.60Mj, 75.5OFe.
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Abstract for the Annual I.P.S Conference
Jerusalem, May 1990

Session: High Temperature Superconductivity

NEW APPROACHES TO STRONGLY CORRELATED ELECTRONS
AND QUANTUM MAGNETISM

Assa Auerbach,
Physics Department, Teclmion, Haifa 32000,
and Physics Deptarment, Boston University, MA 02215.

Schwinger Boson representations1 allow us to study ferromagnetic and antiferromag-
netic Heisenberg models m a rotationally invariant formulation. This has proved particu-
larly useful iu one and two dimensions both for the ground state and at finite tempertaures,
where quantum and thermal fluctuations can destroy the long range order.

The large-N SU(N) Heisenberg models can be approximated by the Schwinger Boson
Mean Field Theory1. The SBMFT for N=2 is surprisingly successful in agreeing with
numerical results, spin wave theory, and renormalization group analysis of the non linear
sigma model, except for the case of antiferromagnetic half-odd integer spin chains. We
discuss recent inderstanding of this issue related to effects of phase fluctuations around the
mean field saddle point.

The Slave-Fermion/ Schwinger Boson representation of the Hubbard model, alows us
to study the doped antiferromagnet (High Tc) problem, in the low doping limit. We present
results for the ground state derived by two complimentary approaches: The extension of
the SBMFT to the doped system, ana an adiabatic approximation based on the coherent
state path integral.
1 D.P Arovas and A. Auerbach, Phys. Rev. B 38, 316 (1988); A. Auerbach and D.P.
Arovas, Phys. Rev. Lett. 61, 617 (1988).
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PREPARATION AND CHARACTERIZATION OF YBaCuO BULK SINGLE

CRYSTALS.

N. Hess, D. Ilzitser and G. Deutscher,

Raymond and Bevrly Sackler Faculty of Exact Science

School of Physics and Astronomy, Tel Aviv University

69978 Ramat Aviv, Israel.

We have grown bulk YBaCuO single crystals using the flux method. The a.c

susceptibility as well as the current transport properties of the crystals were

measured. The Tc were 89K with a transition width of about 2K,for the transport

measurements.and somewhat lower (87K) for the magnetic ones. The anisotropy in

the irreversibility field.for fields up to IT,was found to be consistent with previous

published results.
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FIELD AND CURRENT MODULATION OF THE MICROWAVE COMPLEX

IMPEDANCE OF HIGH-Tc SUPERCONDUCTORS

M.Golosovsky, D.Davidov and E.Farber
Racah Institute of Physics, Hebrew University of Jerusalem

Jerusalem, Israel

T.Tsach and M.Schieber
Xsirius Superconductivity, Kiryat Mada 4

Jerusalem, Israel

Microwave transmission through thin films of Bi-Sr-Ca-Cu-0 and
Y-Ba-Cu-0 was studied in the presence of oscillating magnetic field
H^costOt and a dc magnetic field, Ho. The oscillating field generates
many even harmonics (kc-O , k=2,4,6...) in the low frequency spectrum
of the transmitted microwave for Hc =0. For Ho ^0 additional odd
harmonics appear. Irreversibilities in the harmonic signal and
"memory" effect in the harmonic generation below a certain
temperature, T ^ is demonstrated. The harmonic generation is related
to production of fluxons in internal Josephson junctions in magnetic
field. Damped fluxon motion contributes to the complex resistivity of
the film. We show the dependence of the complex i-esistivity on the
magnitude of applied field and suggest a simple model. This model
accounts for (a) the harmonic generation, (b) the interesting
oscillatory dependence of the even harmonic signal on Hoand (c) the
disappearance of all harmonics except the first one for Ho >>Hf .
The different onset temperatures for (a) the harmonic generation and
(b) the change in the microwave transmittance suggest two
superconducting temperatures associated with the intergrain region Tc%
and the grains themselves, Ttj , as suggested by theoretical models for
granular superconductors. This consideration is supported by the study
of the microwave effect on I-V curves. Generation of even harmonics in
the low frequency spectrum of the transmitted microwave by alternating
current is demonstrated also. This phenomenon is related to the mixing
properties of internal Josephson junctions.
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Electrodynamics of Josephson Effect in Anisotropic Superconductors

R. G. Mints

Raymond and Beverly Sackler Faculty of Exact Sciences
School of Physics and Astronomy Tel Aviv University

Ramat Aviv, Tel Aviv 69978, Israel.

The electrodynamics of a plane tunnel Josephson junction is investigated in the
case of strongly anisotropic layered superconductors. The calculation is given for the
magnetic field distribution and energy of an isolated vortex. The angular
dependence is found for the critical field Hcl for the penetration of magnetic flux.
The magnetic field dependence is treated for the maximum current across a
rectangular contact. The applicability of obtained results to the case of high-Te
Josephson junctions is discussed.
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EARLY TISSUE SPECIFIC TUMOR DETECTION BY THE CYTOSCAN SYSTEM
M- 2iyi§CH *, H. FARBSTEIN *, R. TIROSH * AND A. WEINREB *+
S. CAITCHIK **

The Cytoscan is a novel instrument in which subtle optical changes
can be detected in individual cells. Probing of such changes can be used
for various purposes, foremost among which is, at present, early detection
and follow-up of malignant diseases. Localisation and control of indivi-
dual cells is achieved by a computer controlled precision ceil carrier of
traps which are shaped to hold and retain cells of a given size. The
capability of manipulating the cell carrier without dislodging the cells
from the traps enables the operator to perform a variety of procedures
on the cells, outside the apparatus, such as incubation with various
reagents, irradiation, etc., and measurement of the resulting changes
occuring in the individual cells. The recorded changes can then be analy-
zed for single cell dynamics, as well as for population statistics. Early
detection of cancer is based on the measurement of the fluorescence
polarization of fluorescein which is introduced into lymphocytes separated
from peripheral blood samples. Changes in the degree of polarization as a
result of stimulation of the lymphocytes by certain procedures indicate the
presence and organ origin of the malignant tumor or absence of malignancy.
The optical response in the stimulated lymphocytes is related to changes in
the structuredness of the cytoplasmic matrix (SCM) which expresses itself
in changes in the microviscosity sensed by the fluorescent molecules.
The performance of the SCM-Cytoscan test in specific tumor detection of
breast and colon appears in the following table:

§!?§§£ ?§D£§I ? 52I2D Cancer ? Np.£i§I§ ?
Sensitivity 96.1 98.2
Specificity 98.7

* Department of Physics, Bar Ilan University, Ramat Gan, Israe
+ Racah Institute of Physics, Hebrew University, Jerusalem
** Department of Oncology, Tel Aviv Medical Center, Israel
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RELATIVISTIC ARTIFACTS IN MAGNETIC RESONANCE IMAGING

D. Kwiat, and S. Einav

Bicmedical Engineering Program, Tel Aviv University, Tel Aviv 69978, ISRAEL

In magnetic resonance imaging, it is customary to disregard any time delay effects
due to the finite speed of propagation of the electromagnetic radiation in space. This
approach is based on the intuitive assumption that in biological samples under
investigation, the size of the sample reduces the time of arrival differences of radiation
from different sources within the sample to a negligible order of =dO'* seconds for a
sample of size 0.3 meter. There is however an inherent phase difference in signals from
different voxels due to the finite speed of light. This relativistic effect will be calculated
here. To that end we use a simplified model where the speed of propagation of the
transmitted RF and the emitted FID is the same inside and outside the sample, and is
equal to, c a: 3 I 0 8 m/sec, the speed of light in vacuum. We denote by r the position
vector of a local NMR source (voxel) and by R the position vector of the receiving coil
(whose dimensions are assumed to be smaller than the sample). One can then show that
if the activating RF pulse is set on at time t*0, then, the received signal at the coil is
given by:

s(t) oc wm0 d3rp(r) e W ( ' ' r / c }

where u is the Larmor frequency, and t is the time of measurement (arrival of signals).
As usual u> - 7(B0+r-G) where Bo is the homogeneous magnetic field and G is the applied
gradient. The total signal at the receiver is given by (with phase detection following w0-
the central Larmor frequency):

s(t) a wm(

where k is the Fourier space vector defined by k »f /Gdt and $ra|(r) is equal by

definition to y^(R-r) where A is the wavelength of the emitted radiation. Let the

sample be of an average size, Ax, and average distance to the coil, x. The maximal
phase difference A*, between the two most remote from one another voxels, will be
given by

A$max ^ —fr _r . 1 m —Ax

For a 1 Tesla magnetic field the relative phase difference for protons is given then by

^ - 0.14 Ax

and for example in an experiment where Ax a 0.3 meter, we expect a total phase shift
of approx ±8°, spread equally around the main signal, with an expected reduction in
signal of approximately 0.9 % at the edges. This so-called relativistic effect is linear with
the field strength, and is expected to become significant in higher fields
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SECOND GENERATION PHOTOSENSITIZERS FOR PHOTODYNAMIC THERAPY
USING FAR RED AND NEAR IR LASERS

Benjamin Ehrenber^. Eitan Gross, Fred M. Johnson and Adina
Lavie.
Department of Physics, Bar Ilan University, Ramat Gan 52900.

Photofrin II (PF-II) is the active component in the
hematoporphyrin derivative (HPD) mixture which is used in
photodynamic therapy of cancer. The binding properties of
these sensitizers to biological membranes were studied by
different techniques of fluorescence spectroscopy. The
efficiency of the photosensitizing process was followed by
using a spectroscopic probe as a model target. We compared
the photosensitization mechanism and kinetics of these
sensitizers with those of zinc and magnesium-tetrabenzo
porphyrin, which were introduced by us. They have much
stronger absorption coefficients for HeNe laser light and
sensitize chemical targets as well as cells, very
efficiently. We are also testing a .new dye whose major
absorption band is in the near infrared region, and can be
conveniently excited by compact diode lasers. It was found
to be a good light-triggered generator of the reactive
species singlet oxygen, and is thus very promising for
photodynamic therapy of cancer.

PACS N.: 87.60G
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INVESTIGATION OF THE ELEMENTS OF A UNIQUE BACTERIORHODOPSIN
NEURAL NETWORK ARCHITECTURE

Dan Haronian and Aaron Lewis, Division of Applied Physics, School of Applied Science, The
Hebrew University of Jerusalem

A rapidly reprogrammable neural network architecture with the possibility for a large
synapse matrix is presented. The concept is based on the use of bacteriorhodopsin as a molecular
computational element with electrooptical characteristics that are associated with a series of
intermediates that are photochemically initiated. One of these states has been stabilized by several
orders of magnitude with specific environmental conditions and this allows the concentration of
intermediates to be readily affected without the need for continuous, holding illuminations. Thus,
the photoelec trical characteristics at each synapse can readily be modulated and a scheme has been
devised to read the synaptic matrix without erasing the impressed synaptic strengths. Electrical
measurements are presented to test specfic aspects of the overall neural network implementation
and the results of these measurements are encouraging for the development of such a distinctive
neural network device.
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NONLINEAR FILTERS APPLIED TO CAT IMAGES.

L. KESELBRENER, Y. SHIMONY and S. AKSELROD.

Medical Physics, School of Physics, Tel Aviv University, Israel.

New nonlinear Image Processing techniques, in particular smoothing based on a priory

understanding of the image, may create Computerized Axial Tomography (CAT) images of

good quality using less radiation. Such techniques may be applied before the reconstruction

and especially after it. Nowadays, the CAT scanners use linear strong Low Pass filters in

order to reduce noise in the CAT projections, before the reconstruction. Such filters reduce

noise but also deteriorate the resolution of the image. Our purpose is to apply a very smooth

Low Pass filter on the projections, to perform the reconstruction, and only then to apply a

Nonlinear Filter to the image. In such a way, we hope to reduce the noise without

decreasing the resolution, and thus to be able to use less radiation while obtaining images of

at least the same quality as one can obtain with linear filters.

The essence of the Nonlinear Filters we use, is based on the fact that many classes of

images (such as CAT images), happen to be approximately piecewise constant. That is, the

image is composed of regions, each of which has approximately a constant gray level and is

bounded by a smooth edge. Let us assume that the noisy image g is obtained by adding on

the piecewise constant ideal image f, a zero-mean pointwise uncorrelated noise process v :

g(x,y) = f(x,y) + i/(x,y) . For any point P of the noisy image g, let R(P) be the constant

region of the ideal image f which contains P. If we knew which of P's neighbors belong to

R(P), we could use only those neighbors to participate in the filtration procedure.

One of the filters we investigate is called SMOOTHING BASED ON NEIGHBOR

LINKING. It performs a local weighted average around P, where the weights are computed

as the strengths of links between neighbors. These link strengths depend on the variation of

the gray levels over paths of variable length, starting at P. The second filter is a new version

of the median filter in which the selected neighborhood is adopted, it is referred to as the

K-NEAREST NEIGHBOR MEDIAN FILTER (k-NNM filter). The output of this filter is

the median of the k-nearest neighbors of the central pixel of the window.

Both filters require the choice of a few parameters, such as the window size, the number

of neighbors to take into account, the path length, etc... We can expect the two filters to

preserve a clear definition of edges, while the k-NNM may remove random impulsive noise,

and the neighbor linking may reduce noise with Gaussian probability density. We now

investigate the performance of each filter on CAT images, both in reducing noise and

preserving resolution.
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Application of multichannel infrared fiberoptic radiometer for controlled
microwave heating

S.Drizlikh, A.Zur and A.Katzir

Applied Physics Group, School of Physics and Astronomy
Tel Aviv University, Tel Aviv 69978, Israel

ABSTRACT

An Infrared fiberoptic multichannel radiometer was used for monitoring and
controlling the temperature of samples in a microwave heating system. The
temperature of watgr samples was maintained at about 40 °C, with a standard
deviation of ± 0.2 C and a maximum deviation of ± 0.5°C. The temperature was
monitored on the same time at several points on the surface and Inside the
sample. This novel controlled system is reliable and precise. Such system
would be very useful for medical applications such as hypothermia and
hyperthemla.

1 IR Radiometer
i IR Fiber

W

Controller
(IBM PC )

Microwave Oven

Feedback

IR fiberoptic radiometer as used for monitoring and control Una the
temperature in a microwave field.
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Random-Walk Theory of Photon Migration in Biological Tissues

Haim Taitelbaum,1 Shlomo Havlin,1 and George H. Weiss2

1. Department of Physics, Bar-Ilan University, Ramat-Gan, Israel

2. Physical Sciences Laboratory, NIH, Bethesda, MD 20892, USA

Many therapuetic and diagnostic techniques in medicine depend on specific local op-

tical interactions of light with tissue. In several applications radiation is incident at the

surface of a tissue, and the surface emissiom profile provides useful information about the

medium.

A lattice random-walk model has been developed to describe the motion of photons

through a turbid medium. This facilitates the interpretation of optical in vivo measure-

ments in terms of physical parameters. The theory contains two adjustable parameters:

L, the lattice spacing, and fi, an absorption coefficient , based on modelling the absorption

within the interior by Beer's Law, i.e. exp(—n) is the survival probability per step.

The tissue under consideration is either homogeneous, where a single absorption coef-

ficient is sufficient to describe the entire medium, or heterogeneous, consists of two layers

with different absorptive properties. Such layered tissues are exemplified by pigmented

skin, the walls of arteries, stomach and bladder. Our model permits one to define the

conditions under which these two kinds of tissues are distinguishable experimentally.

Two types of measurements have been used to estimate physiologically intersting pa-

rameters from optical experiments: A continous-beam experiment and a pulsed-beam ex-

periment. Our theory, for homogeneous as well as for heterogeneous media, has been found

to be in excellent agreement with experimental data collected at the National Institutes

of Health, USA.
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POSSIBILITIES OF OPTICAL METROLOGY IN ENDOSCOPY

H.Podbielska* and A. Friesem**

Department of Electronics, The Weizmann Institute of Science, 76100 Rehovot, Israel

* **

ABSTRACT

Endoscopy is primarily used for visual inspection in difficult to access environ-

ments. Modern diagnostics, however, requires some quantitative data of structure

or deformation of the objects under study. The introduction of optical metrology

into endoscopy leads towards quantitative examinations of the endoscopic objects.

By combining holographic interferometry with endoscopic imaging it is possible to

obtain holographic imaging inside natural cavities of the body , thus making possible

intracavity measurements of size, shape or deformation of the objects under study.

Some examples holographic endoscopy and holographic endoscopic metrology will

be presented. These will include endoscopic contour measurements determining

depth and shape of internal object.

* On leave from Institute of Physics, Technical University of Wroclaw and Medical

Academy of Wroclaw, Poland; recipient of the Edmond I. and Lilian S. Kaufmann Fellow-

ship at the Weizmann Institute of Science.

** Incumbent of the Peter and Carola Kleeman Professorial Chair of Optical Sciences.
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Theoretical Analysis of Regional Myocardial Infarction

Meir Lewkowicz * and Richard Chadwick2

1. Department of Physics, Bar-Ilan University, Ramat-Gan, Israel

2. Theoretical Biomechanics Group, NIH. Bethesda, MD 20892, USA

A theory for analyzing alterations of regional and global function of an infarcted left

ventricle (LV) is presented. We model the LV as a finite thick-walled cylinder, and consider

the myocardium as a fluid-fiber collagen continuum. The collagen strut matrix is assumed

to be incompressible, and thus gives rise to an isotropic component of its stress field, which

together with the h3*drostatic pressure in the liquid phase combines to give a myocardial

tissue pressure. The stress tensor components are then composed from three terms: the

isotropic tissue pressure, the shear stress due to the collagen struts and an anisotropic stress

field exerted by the muscle fiber field. The latter is simplified and taken as a superposition

of an axial and a circumferential set of fibers.

We consider transmural, regional, acute and immediate infarcts. Regional perturba-

tions in contractility and extracellular collagen strut matrix are studied analytically.

The model confirms that significant wall thinning and circumferential segment length-

ening occurs inside the infarct and the reciprocal relationships occur outside the infarct

at the end of isovolumic systole. It also confirms a right shift and decrease in slope of

the end-systolic pressure-volume relation. New predictions include the existence of shear

stresses in the border zone, a significant increase in stroke volume due to acute collagen

degradation, and a significant stroke volume recovery with inotropic stimulation.
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A COMBINED HEAT CLEARANCE METHOD FOR TISSUE BLOOD FLOW

MEASUREMENT

by Sarit Abramovich-Sivan, Vili Benary, Thalia Kaspi , and Solange Akselrod

from The School of Physics and Astronomy, Raymond and Beverly Sackler Faculty

of Exact Sciences, Tel Aviv University, Tel Aviv, Israel.

*and Dept. of Neurosurgery, Belinson Medical Center, Petach Tiqva, Israel.

ABSTRACT

Tissue Blood Flow (TBF) is measured by applying a combined procedure of

two independent approaches based on heat clearance: the Pulse Decay Method and

the Continuous Method. The Pulse Method allows absolute assessment of TBF with

no need for calibration, and can be applied only if the TBF is steady during the

period of measurement. On the other hand, the Continuous Method enables

observation of rapid changes in TBF, and can be applied under non steady-state

conditions. Using the combined method, a continuous quantitative measurement of

transient changes in TBF can be obtained.

For this purpose, we have developed two experimental systems, consisting of

independent electronic units: a Pulse Unit and a Continuous Unit. A micro-computer

with dedicated software controls the operation of the electronic units, and calculates

TBF on-line. In vitro measurements are performed and demonstrate the reliability of

the methods. In vivo measurements in rat brain tissue are also performed and include

physiological and pharmacological changes of local TBF. The results of the two heat

clearance methods correlate well with TBF values measured by a third independent

method, the Hydrogen Clearance Method.
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DETERMINATION OF THE VIRTUAL SOURCE POSITION FOR THE

ELECTRON BEAMS OF THE CLINAC 1 2 / 1 0 LINEAR ACCELERATOR

S. Faermann and Y. Krutman

Dept. of Oncology, Soroka Medical Center, Beer-Sheva, Israel

The virtual point source position of the electron beams must be

determined for each individual accelerator, for each nominal electron

energy and for all the applicator conditions in the foils, collimating

system and air layers in the beam path.

A discussion of the experimental methods developed for the

determination of the position of the virtual source is presented, and the

results obtained with the Inverse Square Law and the Power Law

methods will be presented.
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AN INSTRUMENT FOR COLD LASER MICROSURGERY OF TVF
EGGS Daniel Palanker, A. Lewis, R. Shoshanit* and N. Laufer*, Hadassah
Laser Center, *Hadassah In Vitro Fertilization Group and School of Applied Sci-
ence, The Hebrew University of Jerusalem

An approach will be described for cellular microsurgery which involves the imaging of
an argon flouride (ArF) excimer laser beam through a glass pipette. Our approach highlights
the advantages of the excimer laser and overcomes many of its apparent disadvantages in cel-
lular microsurgery. Specifically the high energy of the individual photons of the ArF laser at
193nm causes peptide and other bonds of biopolymers to absorb radiation and enter dissocia-
tive states which break up the molecule photochemically with little of the incident energy
being truned into heat. In addition, because a large fraction of molecular bonds absorb in this
region of the spectrum the absorption cross section of biological materials at 193nm is very
large. Therefore, with each pulse of the laser a thin layer (<0.1 micron) of material is re-
moved. This permits very precise z control. Thus, the advantages of the excimer laser at
193nm are little heating and very precsie z control.

The disadvantages of this laser are the large divergence of the beam, the lack of fibers
that can guide this radiation and the inability to focus the radiation to a diffraction limited spot
because of both imperfections in the optics and the laser characteristics. In addition, the laser
is also strongly absorbed in biological media and this prevents the effective transmission of
the beam through such media.

The solution of these optical problems was to pass the light through an empty glass pi-
pette that could be pulled to virtually any diameter that was desired and could confine and
guide the radiation. This permitted the production of well defined perforations in cell mem-
branes and walls for the introduction of a variety of materials. With such a technology we
have been able to make well defined holes in the zona pelucida of rat eggs with no apparent
thermal damage to the surrounding material. The results of these experiments will be pre-
sented in this paper.
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SPECTROSCOPY OF EXCITONS IN MULTIPLE QUANTUM-
WELLS: ELECTRON-PHONON INTERACTION AND
INTERSUBBAND ABSORPTION

E. Ehrenfreund*. I. Brener*, M. Olszakier*, Y. Garini*, E. Cohen*
and Arza Ron**
Solid State Institute, Technion- Israel Institute of Technology, Haifa.
'Department of Physics.
"Department of Chemistry.

Two novel aspects of exciton spectroscopy in quantum wells will be reviewed:
the role of electron-phonon interaction in the interband exciton photoluminescence and
exciton intersubband absorption within the conduction band wells.

The interaction of excitons with LO phonons manifests itself by the appear-
ance of phonon sidebands in the photoluminescence spectra of the el-hhl interband
transition. Through time resolved spectroscopy, it is possible, for the first time, to
distinguish between several recombination processes: (a) intrinsic excitons which do
not give rise to phonon sidebands, (b) phonon sidebands that are due to excitons lo-
calized on an interface island, and (c) a recombination of electrons and holes localized
on different islands and consequently have phonon sidebands with long decay times.

The exciton intersubband infrared absorption within the conduction band wells
is made possible by populating the lowest exciton level using visible radiation. The ab-
sorption is polarized along the quantum well growth direction and its oscillator strength
is enhanced by an order of magnitude relative to the pure electronic absorption. Several
examples of such intersubband photoinduced absorption will be discussed.

This work was supported by the Smoler Research Fund at the Technion and by the
US-Israel Binational Science Foundation (BSF), Jerusalem.
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THE OPTICAL PROPERTIES OF SEMI-CONTINUOUS METAL
FILMS : A SCALING BASED MODEL.

Y. Yagil, M. Yosefin, D. J. Bergman and G. Deutscher, Department of
Physics and Astronomy, Tel Aviv University, 69978 Tel - Aviv, Israel.

We present a calculation for the optical properties of thin semi-continuous
metal films near the percolative metal-insulator transition. The model is
based on scaling assumptions, reflecting the fractal nature of these films.
The film is divided into small squares of linear size L and the local
complex conductivity of each square is calculated, using finite size scaling
arguments and taking into account both ohmic resistance within the
metallic clusters and intercluster capacitance. The size L, over which the
finite size scaling is done, is related to the optical frequency by the
anomalous diffusion relation, i.e. L a aM2**). In this calculation two
types of conductivities may be found: good ones for the "metallic" squares,
showing that large clusters are present within these squares, and poor
conductivities for "dielectric" squares, where only small clusters are
present within them. Moreover, the "metalic" and "dielectric" squares are
not identical, thus a certain distribution of each type has to be considered.
The width of the distribution is quite large close to the percolation
threshold and decreases to zero when the film becomes homogeneous. The
optical properties of the whole sample are calculated by integration over
the contribution of each square, using a wide bipolar distribution
function. Comparison to recent experimental results shows a good
agreement between this model and the experimental data.
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EXPLANATION FOR THE ANOMALOUS ELECTRICAL RESISTIVITY DATA RECENTLY OBSERVED
FOR THIN WIRES OF POTASSIUM BELOW 1 K

David Movshovitz and Nathan Wiser
Department of Physics, Bar-Ilan University, Ramat-Gan

An explanation is presented for the negative temperature derivative dp(T)/dT recently
Measured for the electrical resistivity of thin wires of potassium below 1 K. The
explanation is based on the contributions to p(T) due to normal electron-electron
scattering and normal electron-phonon scattering. These two scattering processes are
non-resistive for thick wires, but each makes a negative contribution to p(T) for
thin wires at low temperatures. The calculated values of dp(T)/dT are in excellent
agreement with the data.
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AH X-RAY REF!LECTIVITY STUDY OF THE NEMATIC-SMECTIC PHASE TRANSITION IN

THE LIQUID CRYSTAL 4OF10OB

Yossi Abulafia ,Nissan Maskil and Moshe Deutsch

Physics Department, Bar - Ilan University, Ramat-Gan 52100, ISRAEL.

The temperature dependence of the surface and bulk structure of

4'-butoxyphenylester 4-decyloxybenzoic acid ( 4OP10OB ) near the

nematic - smectic-A phase transition was studied by x-ray specular

reflectivity and DSC measurements. The transition is found to be of

first order, in agreement with previous high resolution bulk x-ray

studies . We find, however, small pretransitional effects as far as

4 C above the transition both in the DSC and x-ray measurements.

Our reflectivity measurements yield correlation lengths of up to a

few hundred angstroms for the bulk smectic fluctuations above the

transition. The correlation lengths follow power laws in the reduced

temperature . in addition to these bulk effects a distinct smectic

surface layer is found for T > TNA. A preliminary analysis of the

surface signal is consistent with an order layer down to a

temperature-dependent depth L bellow the surface followed by a second

layer wherin the order decays exponentially with depth. A full

analysis and discussion of the results will be presented.

1. E.N. Keller,E. Nachaliel, D. Davidov and C. Boffel,

Phys. Rev. A24, 4363 ( 1986 ).
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X-Roy Diffraction Measurements of Lattice Parameter of
Heteroepitaxial Go,_x A1xAs Thin Layers Grown

on a GaAs Substrate

Hagit Ricklis, Paul Rozenak, Han Samid and Herzl Aharoni

Department of Material Engineering, Ben-Gurion
Univ. of the Negev, Beer-Sheva84iO5, Israel;

#Rafael, P.O.B. 2250, Haifa 31021, Israel;

"'Department of Electrical and Computer Engineering,
Ben-Gurion Univ. of the Negev,Beer-Sheva 84105, Israel.

An x-ray diffraction analysis was preformed in order to make high precision

measurements of lattice parameters of heteroepitaxial Gal _xAlxAs thin layers grown on a

GaAs (100) substrates. The layers were grown by liquid phase epitaxy. The incident x-ray

beam penetrated through the thin film, and therefore, reflections arose from both the GaAs

substrate and the layer. These reflections are overlaped, making the analysis difficult. The

x-ray diffraction profiles were deconvoluted to remove the layer oij/o^ doublets from the

substrate peaks. Lattice parameters of Gax.xAiAAs were then obtained related to the strain

and non-uniform distribution of aluminium in the matrix. In addition, aluminium

concentration in the thin films were determined by using Auger Electron Spectroscopy

(AES). A precision determination of the aluminium concentration in heteroepitaxial Ga}

Al As is important for various electro-optical devices preformerce such as semiconductor

lasers and photovoltaic cells.
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Algebraic dependence of the Structure Factor and Possible Anharmonicity in a
High Resolution X-Ray Study of a Side Group Polymeric Liquid Crystal

E. Nachaliel, E.N. Keller and D. Davidov
The Racah Institute of Physics, The Hebrew University of Jerusalem,
Jerusalem, Israel

C. Boeffel
Max Planck Institut fur Polymerforschung, Mainz, FRG

Abstract

We report on a high resolution X-ray study of the smectic A phase near the
Nematic-Smectic A transition of a side group Polymeric Liquid Crystal (PLC):
Polyacrylate. Except at the very near vicinity of the phase transition, the first
and the second harmonics X-ray structure factors were found to be consistent
with the harmonic theory of De Gennes and Caille. However, very close to the
phase transition, the attempts to fit the two harmonics completely, failed. We
believe that this is evidence for the importance of anharmonic corrections near
the phase transition. The fits to the experimental data yield the compressibility
constant, B and the splay elastic constant, Ks. We found that B can be described
by a power law B ~ t* where t = (Tc - T)/Tc, Tc being the phase transition
temperature. <|> was found to be 0.82+0.08, in good agreement with theoretical
predictions, but in disagreement with previous experimental results on
monomeric liquid crystals. The splay elastic constant Ks has roughly the same
magnitude as in monomeric liquid crystals but tends to decrease by
approximately 50% upon approaching the transition from below. This
temperature dependence is further evidence for the importance of
anharmonicity in the system.



87

A STATISTICAL APPROACH FOR OBTAINING SUPERESOLUTION IN-
FORMATION WITH A CONVENTIONAL LIGHT MICROSCOPE
DANIEL PALANKER AND AARON LEWIS, DIVISION OF APPLIED PHYSICS
THE HEBREW UNIVERSITY OF JERUSALEM, JERUSALEM, ISRAEL

A method is developed theoretically that will permit superresolution information to be
obtained on objects by a statistical analysis of any contrast enhancing parameter, such as
fluorescence, second harmonic generation, reflection etc, obtained with a conventional light
microscope through a set of subwavelength apertures or by repeated scanning of a laser beam
over a defined area. It is demonstrated that using this methodology information can be ob-
tained on microdomains that are thirty times less than the resolution of the microscope. For
example, using apertures that are 0.3 microns it is possible to measure the dimension of ob-
jects that are about lOnm. A technology is described by which it is possible to produce masks
with the appropriate apertures. Instrumentation is described that would allow for the realiza-
tion of these statistical methodologies with either apertures or scanning laser beams.
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Title: Mono(inter)layers and their influence on the
electronics and electrochemistry of compound

semiconductors

Authors: V. Marcu and H.--H. Strehblow
University of Duesseldorf, W. Germany

Abs t ract:

Important changes in the electronic or
electrochemical behaviour of compound
semiconductors (here CdS, CdSe. CdTe and CdHgTe)
are induced by the presence of very thin
i nter1ayers.

A few examples wi!I be discussed: the change of
flat-band potential and surface state density of
CdSe in the presence of Se(O), Se(2-) and
Se(4+).Cr(2+>; the metal contacts on CdS and
<photo)current oscillations on the Te containing Cd
compounds in sulfide solutions.

We have employed (spectro)e1ectrochemica1 and
surface analytical (XPS) methods to characterize
the state of the surface.
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HIERARCHY OF VERTICES IN IMPERFECT ICOSAHEDRAL QUASICRYSTALS

Shelomo I Ben-Abraham and Amnon Joseph

Department of Physics, Ben-Gurion University of the Negev

84 105 Beer-Sheba, Israel

Since the discovery of the icosahedral phases in the Al-Mg system (Shechtman 1984) and their

interpretation in terms of three-dimensional Penrose tilings obtained by projection from a lattice in six

dimensions (Levine and Steinhardt 1984, Duneau and Katz 1985) a vast body of knowledge has been

accumulated on the subject. Phases with point symmetries incompatible with 3D periodicity have been

found in many systems, including the stable icosahedral phases in the AI-Cu-Fe and Ga-Mg-Zn

systems, as well as diverse pentagonal, octagonal and dodecagonal structures. Theory, likewise, has

literally exploded.

It is now generally agreed that at least a large class of "non-crystallographic" phases can be described

as quasicrystals of various degrees of perfection. Quasicrystals apparently grow following simple

local growth rules imposed by chemical and geometric constraints. One of us (SIBA) put forward a

simple growth model: stacking Penrose bricks while avoiding parallel configurations. The resulting

308 vertex configurations have been listed previously. The 24 "canonical" vertices found in the perfect

3D Penrose tiling constitute only a small subset thereof.

We are trying to quantify the degree of defectiveness of each vertex. This is done by calculating partial

overlaps and correlations in dual space. Two-dimensional toy models, such as the octagonal tiling, are

very useful. We put forward a simplified version in which one calculates pairwise overlaps between

duals of cells adjacent in direct space. We present a complete hierarchy of vertices according to this

method. The calculated abundancies are compared with the frequencies of canonical vertices in the

prefect 3D Penrose tiling. We discuss the origins and the significance of the correspondences and the

discrepancies. We also discuss the merits and the dcfincicncies of the method and point out the

difficulties in the way of improving it.

PACS: 61.50
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THE TEMPERATURE DEPENDENCE OF THE MAGNETOSTATIC MODES
IN THIN YIG FILMS

I. Laulicht and J.T. Suss
Department of Physics, Bar-Ilan University, Ramat-Gan 52100
J. Barak
Solid State Physics Department
Soreq Nuclear Research Center, Yavne 70600

The FMR spectra of a 45 (i»-thick YIG film with lateral dimensions
2.7 mm x 2.7 mm were studied from room temperature to 100° above Tc

(Tc = 278°C). Spectra were measured for a magnetic field parallel to
a film as well as perpendicular to it. In the ferromagnetic phase the
FMR lines represent the magnetostatic modes whose field positions and
spacings are determined by the magnetization of the sample. A good
agreement was found between the experimental results and the calcu-
lated spectra using the Damon and Van DeVaart relations for the per-
pendicular orientation and the Damon and Eshbach equations for the
parallel one.

In the region of the transition to the paramagnetic phase the spectrum
collapses into one paramagnetic line. The linewidth is linear with
temperature in the paramagnetic phase. The results will be discussed
in view of the known magnetization of YIG and the measured linewidth
in a YIG sphere.

PACS No: 76.50
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COMPENSATION IN THERMALLY ACTIVATED PROCESSES

A. Peled

Center for Technological Education Holon

affiliated with Tel-Aviv University

Electronics Department, Holon 58368

The "Thermal Activation Compensation Effect" reported in many
temperature activated experiments is reviewed. The effect describes
the observation that in some physical processes families of Arrhenius
curves plotted versus a compensation variable intercept at a finite
temperature called the compensation or isokinetic temperature T .
Several investigations recently obtained have shown that this effect is
real in the sense that TQ was obtained within the experimental range
and not by graphical extrapolation. The semiconductor free carrier
concentration equation is used to probe into a possible explanation of
T. in terms of well known bandgap parameters. The conclusion drawn is
that the compensation temperature is mathematically a reflection of the
dependence of the activation energy on temperature and compensation
variable.
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THE ROTATION OF OXYGEN OCTAHEDRA IN
MIXED PEROVSKITE CRYSTALS.*

B. Rechav and Y. Yacoby
Racach Institute of Physics, Hebrew university Jerusalem, Israel. 91904

We report here EXAFS measurements of mixed crystals of Ki-ajNa^TaOs as a
function of the Na concentration x. Analysis of these measurements give the rotation
angles of the oxygen octahedra in the crystals, and show that at room temperature
the system undergoes a phase transition at a Na concentration between 60% and
70%.

Oxygen perovskites with the ABO3 molecular formula display many phase
transitions, many of them can be grouped into two types: Ferroelectric trnsitions
and antiferrodistortive transitions which involve a rotation of the oxygen octahe-
dra. The fundamental nature of these transitions, and the question whether the
transitions are mainly displacive or order-disorder- have been of particular interest.
So far, this question has never been tackled in mixed perovskites undergoing an
antiferrodistortive transition.

EXAFS spectra of mixed Kx-^Na^TaOa crystals were measured for x=0%,
30%, 60%, 70%, 80%, 82% and 100%. This system was chosen because KTaO3

crystals donot undergo any structural transitions, whereas NaTaOa does undergo an
antiferrodistortive phase transition. The EXAFS results were analysed quantitavely
by calculating the EXAFS spectra as a function of certain structural parameters,
and by refining these and several other parameters to obtain the best fit with
experiment. In calculating the EXAFS spectra we used curved wave photoelectron
wavefunctions, and took into account colinear and non-colinear multiple scattering
contributions upto and including triple colinear scattering.

The most important results obtained are the values of the oxygen octahedra
rotations. It must be emphasised that our ability to measure these rotations is a
direct consequence of the sensitivity of the colinear double and triple scattering con-
tributions to the rotation angle. The experiments show that the room temperature
rotations ^ are: <f> - 9.5° ± 1° for z > 80%, <f> = 7.8° ± 1° for x = 70% and <f> = 0°
for x < 60%. The phase transition concentration found in these experiments is con-
sistent with the interpolated value that one obtains from high and low temperature
optic and X-ray measurements. The fact that the rotation angle changes rather
fast with temperature between 60% and 70%, suggests that the phase transition is
either pure or almost pure displacive.

* PACS NO.: 61.10.Lx
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CONNECTION BETWEEN PARAMAGNETIC AND COLOR CENTERS IN
REDUCED YTTRIA STABILIZED ZIRCONIA

R. Ben-Michael and D.S. Tannhauser
Department of Physics

Technion, Israel Institute of Technology
Haifa, Israel

In a previous paper we reported on ESR measurements made
on single crystals of stabilized zirconia which had been
reduced in a flowing gas mixture of H00/H0 at elevated

- 2 2
temperatures. Those crystals became colored, and a pronounced
ESR signal appeared. From the large difference of the signal
between various crystals exposed to the same reducing
conditions, we concluded that the origin of the ESR signal is
an impurity center which has captured an electron in an
energy level 1.6 eV below the conduction band. The
coloration, which deepens to almost black at y,ery low oxygen
pressures, is caused by two color centers'" with maximum
absorption at 365 nm (yellow color of the ocrystal) and at
480 nm (dark brown color). We reported"1 before on the
reoxidation kinetics of the dark brown centers, which are not
ESR active. The yellow color centers appear together with the
paramagnetic centers and in this paper we report on the
connection between these two centers.

The concentration of the color centers was determined by
optical absorption in the UV-visible range, and the
concentration of the paramagnetic centers was determined by
Electron Paramagnetic Resonance in the X band. We found that
the concentrations of both centers are proportional to
PCO^p , a dependence which agrees with a simple defect

model. We conclude from the proportionality between the two
concentrations that the two centers are one and the same and
are caused by the Bame defect. This defect is most probably a
foreign impurity which has captured an electron, the shape of
the ESR line makes Ti a likely candidate . The oscillator
strength for optical absorption was found to be fn= 0.01.

References
1 J.Genossar and D.S. Tannhauser. J.S.S. Ionics 28-30. 503

(1988)
2 K.D. Becker & D.S. Tannhauser, to be published
3 R. Ben-Michael & D.S. Tannhauser, submitted to Appl.

Phys. A
4 K.K. Ermakovich, V.N. Lazukin, V.M. Tatarintsev and

I.V. Chepeleva, Sov. Phys. S.S. 19, 2040 (1977)
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FERROELECTRICITY IN ZINC CADMIUM TELLURTOE

Raoul Weil

Physics Department and Solid State Institute, Technion

Ferroelectricity has been demonstrated for the first time in a

semiconductor which has zinc blende structure in its paraelectric

phase. Hysteresis curves, dielectric measurements and X-ray diffraction

results will be presented.
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TOWARDS ORGANIC-INORGANIC SUPERLATTICE STRUCTURES VIA
CHEMICALLY-CONTROLLED SELF-ASSEMBLY

R. Maoz and J. Sagiv
Department of Isotope Research,
The Weizmann Institute of Science, Rehovot, Israel

Superlattices are layered structures with compositional modulation along the normal to the

layer planes.

Remarkable recent advances in solid-state physics and related technologies have led to the

development of artificial semiconductor and metal superlattices presenting interest both from

the point of view of their basic science as well as in connection with possible advanced

applications in microelectronics and optics.

Looking from a totally different angle, living organisms offer abundant examples of "natural

superlattices", composed of both inorganic and organic materials - various biomineralized

tissues such as bones, teeth, etc.

In this lecture we wish to briefly describe recent experimental data demonstrating the

possible application of a pure chemical approach in the controlled self-assembly of some

new types of artificial solid-supported layered organizates made of both organic and inor-

ganic constituents. Such organic-inorganic supramolecular assemblies can be synthesized by

judiciously combining well known synthetic methods and principles of organic, inorganic

and surface chemistry. The present preliminary results hold promise with regard to the

possible realization of a new class of artificial superlattice structures, in which organic and

inorganic components are combined and optimally integrated, so as to take full advantage of

desirable specific properties of each of them.
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GROWTH OF FILMS FROM LOW ENERGY ION BEAMS:
APPLICATION - DIAMOND

Y. Lifshitz*
Soreq Nuclear Research Center, Yavne 70600, Israel
S.R. Kasi,** J.W. Rabalais
Department of Chemistry, University of Houston, Houston, TX 77204-5641

Carbon (sp3 diamondlike) film growth from mass selected ion beam deposition (MSIBD) is

discussed. It is shown that MSIBD is capable of controlling and separating all the relevant

carbon deposition parameters unlike other techniques such as plasma deposition, CVD or

non-selected ion beam deposition that have a complex physical-chemical nature. Experi-

mental results of parametric investigations of carbon MSIBD, emphasizing those obtained

from the unique Houston facility (a UHV, MSIBD system with in situ surface analysis in-

strumentation), are presented. These results are discussed in terms of a new subplantation

(subsurface shallow implantation) model supported by computer simulations of the carbon

ion-target interaction. The role of ion energy, nature of bombarding species (C, CnHm, Ar,

H) substrate material, and target temperature in carbon film evolution is evaluated. The

capability of MSIBD to grow and tailor films with desired properties (e.g. dense, hard,

transparent, metastable films) is emphasized.

Work done on sabbatical at the University of Houston.
Present address: IBM T.J. Watson, Research Center, Yorktown Heights, NY 10598, U.S.A.
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LOSS FFECTS IN CLASSICAL NON-DEGENERATE PARAMETRIC-AMPLIFIER

M. Zabler, Y. Ben-Aryeh
Department of Physics, Technion-Israel Institute of Technology
Haifa 32000, Israel.

Classical treatment is given for the properties of a non-degenrate parametric
amplifier with differnt damping coefficients for the signal and idler fields. The
coupled equations are solved under the 'undepleted pump' approximation,
and the effects of unequal damping near threshold are studied. We find that
by increasing the loss of the idler relative to the signal both fields become
more stabilized.

PACS no: 42.65 Kg
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Structural dependence of the performance of HI - V

photovoltaic rievines

Herd Aharon!

Department of Electrical and Computer Engineering

Ben-Gnrion University of the Ncgev

P.O.B.653

84105 Beer-Sheva, Israel

Experimental results arc presented regarding the influence of structural parameters

on the performance of photovoltaic devices made of III - V semiconductor compounds.

The aim is to investigate the changes that occur in the direct conversion of light to

electricity as the dimensions and compositions of regions within the above devices are

controllably changed. The above structural changes are performed systematically

during the experimental fabrication stage in order to gain a better understanding of the

contribution of the investigated structural parameters to the dark and light performance

of the device. The devices that are composed of PN junctions, antireflection coatings

(AR) and front and back contacts are tested under standard test conditions. As a result

experimental graphs are obtained describing the dark and light I-V characteristics and

the dependence of the peformance parameters of the devices, such as: short circuit

currents, efficiency, and spectral response as a function of their structural parameters.

Such an investigation is important in order to be able to optimize the device's structure

for prespecified use. The III - V devices exhibit a better temperature dependence than

Si devices (due to their higher bandgap) and higher conversion efficiency. Their

potential use is in space applications.
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INTERFACIAL REACTIONS IN THE Pd/Si 1 . xGe x /Si SYSTEM

A. Buxbaum and M. Eizenberg,
Depanment of Materials Engineering,
Technion Israel Institute of Technology, Haifa, Israel

Metal-semiconductor interfaces play an important role in microelectronic devices, where

they are used both as Schottky barriers and as ohmic contacts. The electrical properties of

such junctions depend upon the choice of the particular metal and semiconductor. In this

work, the interface between a Pd thin film and a Si1.xGex layer epitaxially grown on

Si(lOO), was investigated. The contact reaction resulting in the formation of palladium

silicide/germanide compounds was studied between the temperatures of I8O°C and 250°C by

X-ray diffraction, transmission electron microscopy, Auger electron spectroscopy and Ruth-

erford backscattering spectroscopy. A single silicide/germanide compound was formed; it

had the structure Pd,Si, the reaction product of the Pd-Si system. Cross sectional TEM in-

dicated that the reaction front progressed in a non-uniform manner.



100

SURFACE RECOMBINATION VELOCITY MEASUREMENTS ON inP

SURFACES AND THEIR METAL INTERFACES

Y. Rosenwaks1, D. Huppert* and Yoram Shapira1,

'Faculty of Engineering and 2Faculty of Exact Sciences,

Tel-Aviv University, Ramat-Aviv 69 978, Israel

Surface recombination velocity (SRV) is a very important factor in governing the performance of

optoelectronic minority carrier devices. We report on direct measurements of the "true" SRV* of

etched n- and p-lnP(l 10) surfaces and their interfaces with several metals (deposited by aqueous

solutions and in-situ thermal evaporation).

The SRV measurements were achieved by using time-resolved photoluminescence, based on a CW

mode-locked Nd/YAG pumped dye laser and time-correlated single-photon-counling as a detection

system. These made it possible to measure the semiconductor luminescence under flat band condi-

tions, and thus to measure the true SRV. The time resolved decay of the photoluminescence signal is

compared to calculated graphs in order to directly extract a value of the measured surface SRV. These

values are shown to be different on n-type and p-type surfaces.

The measurements on metal-lnP interfaces show that the original InP SRV increases sharply after

deposition of unreactive metals but remains unchanged (or even decreases) as a result of reactive

metal deposition. Correlation with interfacial composition and chemistry was based on Auger electron

spectroscopy. Additional supporting measurements were carried out using surface photovoltage spec-

troscopy, identifying the interfacial recombination centers and their position within the energy gap.

The results are explained on the basis of different energy redistribution of interface states, depending

on the degree of reactivity of the deposited metal. They are compared to results obtained by our pre-

vious measurements on II-VI compound semiconductor surfaces, where similar trends were observed.

* A. S. Grove. Physics and Technology of Semiconductor Devices (Wiley, New York, 1967)
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DEGRADATION MECHANISMS IN HgCdTe PHOTOD1ODF.S PERFORMANCE
CAUSED BY HIGH DOSES OK GAMMA RADIATION

G. S a r u s i , D. Eger, A. Zemel
Soreq Nuclear R e s e a r c h Center , Yavne 70600 Israel

N. Hainzer, R. Goshen and E. Weiss
SCD - Semiconductor Dev ices , D.N. Misgav 2O179, Israe l

HgCdTe (MCT) photodiodes are used for long
wavelength infrared (LWIR) sensor systems. Understanding
the mechanisms of the degradation induced by ionizing
radiation is essential for hardening of these devices.
It may also provide a better insight into the origi^n of
the excess leakage currents, usually found in the
narrow-gap HgCdTe photodiodes.

In this work planar n*p photodiodes were
fabricated by boron implantation on p-type HgCdTe layers
grown by LPE. A ZnS layer of ipm in thickness used for
passivation and anti-reflection coating. The devices
were irradiated by Co60 gamma source. A strong
increase in the reverse dark current is observed for
doses above O.J Mrad. Similar effect was found by
exposing the photodiodes to U.V illumination from a high
pressure mercury lamp. By filtering the U.V light we
have shown that the degradation in the performance of
the photodiodes is caused by the light (or radiation)
absorbed in the ZnS layer above the implanted n-type
region and not in the HgCdTe layer surface as suggested
by others. C-V measurements of irradiated MIS devices
show a significant increase in the fast surface states
density, especially near the conduction band and with a
minimum around mid gap.

Based on these result.*? we propose a model for the
degradation mechanism of the photodiodes in which the
main steps are:
a. Gamma photons are absorbed in the ZnS creating
electron-hole pairs that diffuse to ZnS-MCT interface.
b. The energetic holes break weak interface bond and
create high density of surface states. As a result the
Fermi level is pinned around midgap energy of MCT, and a
barrier is formed on the n* surface.

By applying reverse bias, holes are injected from the
surface into n* region and diffuse to the n*p
Junction, giving rise to high excess leakage current.

•This work is based on a portion of a dissertation in
partial fulfillment of the requirements for the Ph.D. in
Tel Aviv University. Supervisor Prof. Yoram Shapira.
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NOVEL INDIUM OXIDE/n-GaAs DIODES

A. Golan, J. Bregman, Y. Shapira
Department of Electron Devices, Faculty of Engineering,
Tel-Aviv University, Tel-Aviv 69978, Israel

and

M. Eizenberg,
Department of Materials Engineering and Solid State Institute,
Technion, Haifa 32000, Israel

Diodes with transparent top contacts were fabricated by depositing indium oxide layers onto

n-type GaAs by means of reactive evaporation of In in the presence of oxygen. The electr-

ical characteristics as well as the structural properties and chemical composition of the res-

ulting junctions were investigated using Auger electron spectroscopy, X-ray diffraction,

optical absorption, capacitance-voltage and dark current-voltage measurements. The best

diodes were obtained at a substrate temperature of 250°C and under oxygen pressure of

5x10-1 mbar and exhibited Schottky barrier heights of 0.85 V and ideality factors of 1.04.

The indium oxide films were found to be polycrystalline and to have resistivities of

3x10"4 n-cm and optical transmittance above 90% over the whole visible range. The effect

of deviations from the optical deposition parameters on the diode properties is discussed.
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I..\ n JCE DISTORTION IN SPUTTr.R-DF.l'OSITFD

1VB MKTAl (Ti, Hf, Zr) NITRIDES

I. Goldfarb,* J. Tellcg,1 L. Zevin2 and N. CioilonP

^Materials Engineering Department, Ben-Gurion University of the Negev

2Tho Institutes for Applied Research, Ben-Gurion University of the Negev

^Department of Eloclronic Devices and Materials and Electromagnetic Radiation, Tel-
Aviv University

Nitride films of IVA metals (Ti, Iff and Zr) exhibit nonconventional lattice
distortion which is expressed in the expansion of lattice parameter calculated from
the (111) diffraction peak. It is commonly accepted that this phenomenon may be
explained in lerms of rhombohedral distortion of the cubic lattice caused by ordered
distribution of interstitial atoms in tetrahedral sites. However, one can hardly expect
any kind of ordering in a chaotic processes such as reactive sputtering. Moreover
our experimental data does not agree with the peak shift and broadening that are
characteristic for rhombohedral distortion. We propose an alternate model for this
phenomenon based on selective entrapment of interstitial atoms in various
crystallographic planes. It is shown that entrapment of interstitial atoms in the (111)
plane is favorable, in comparison with the (100) and (110) planes. Entrapped atoms
cause hydrostatic lattice expansion which varies with the different orientations of
the grains. Nonuniform lattice expansion seems to be the main source of the
intrinsic micro- and macrostrains usually observed in thin sputtered films. The
proposed model also accounts for the frequently found phenomenon of
overstoichiomelry of nitride films.
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A MICROPROCESSOR CONTROLLED CRYOPUMP

V. Buch Andersen,
CTI-Cryogenics (Europe), Orsay, France

Cryopumps have become a widely used high vacuum pump for many industries. This
includes industries where cryopumps are used to pump on production machinery for use
around the clock, sometimes 5 days a week, sometimes continuously. The increased use of
host computers in production machinery have prompted the study of how to integrate cryo-
pumps into semi-automatic or automatic equipment typically found in any semi-conductor
or optical coating facility.

Because of the physical principle of a cryopump, the operator must be assured that two
essential conditions are fulfilled:

i) the cryopump is at the right temperature, i.e. the cooldown time has
finished and the pump is operating correctly;

ii) since a cryopump is a capture pump, a periodic regeneration is necessary.
The operator needs to be kept informed about the elapsed time since the
last regeneration and, once a regeneration has been decided, the various
steps of the regeneration must be carried out in a controlled manner, if
possible, in an automatic mode with checks and controls assuring that the
pump will operate satisfactorily once the high vacuum valve is again
opened.

There are other aspects of the operation of a cryopump where microprocessor controller is
beneficial, e.g. the control of the first stage temperature to eliminate argon hang-up and the
optimization of pumping speeds for specific gases, but the above mentioned two objectives
are the main ones from the industrial users' point of view. The solution chosen is to equip
each cryopump with a microprocessor installed permanently on the pump itself; the read-out
and input keys being on a key board, positioned either directly on the pump or at a remote
location. Direct inter-connection with an outside computer being done via an RS232 inter-
face. The solution to have each cryopump having its own microprocessor "ON-BOARD" has
been chosen contrary to other possibilities such as having one or several cryopumps being
controlled from a central control unit.

The microprocessor will survey and control such parameters as first stage temperature,
second stage temperature, pressure inside pump after roughing down, elapsed time since last
regeneration, check that the activated charcoal in the pump has been sufficiently outgased
before a new pumping cycle is started, act as a regeneration control, initiating each of the
individual steps in the regeneration cycle, checking that each step has been correctly ful-
filled before proceeding to the next step.

In addition the microprocessor stores information useful in predictive maintenance and eva-
luation of the useful life of the pump, e.g.:

Total number of hours and information about initial and present cooldown times.

This information available can also be monitored from the distance, making the micropro-
cessor controlled pump a useful took in modern industry.
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REMOVAL Or OPTICAL COAIINGS DY USING INTERMEDIATE LAYERS

1. LUDEZKY<1> and A. LUBEZKY<*>

1. RAFARL P. 0. BOX 2250, HAIFA

2. HAIFA UNIVERSITY SCHOOL of F.DUCA1I0N, ORANIM

Production of optically coated elements 1s composed of two main

stages: In the first stage the raw material is cut, ground and

polished to the required shape and surface quality. The second

stage Includes deposition of a thin film stack on the substrate to

obtain the finally required optical properties. The techniques

used for the coating processes are well established today.

Nevertheless, because of difficulties 1n reproducibi 11ty during

production and the high precision required 1n some of the

parameter!;, there are a significant number of coating run

failures. In such cases, removal of the deposited layers 1s

required without damaging the polished surfaces.

In this work a method Is described for the removal of dielectric

coatings, based on Incorporation of an additional NCI soluble thin

layer adjacent to the substrate. This layer can also serve as a

binding agent between the substrate and the main stack. The Idea

1s to selectively dissolve this layer with a solvent which does

not damage the polished surfaces of the substrate, resulting 1n a

complete peel off of the coating. The extra layer should not

affect the environmental durability of the coating. The layer can

either be thin enough to remain almost neutral, or It can

participate in the optical Interference process.

Several examples are given In which the recovery method was

successfully utilized; All of the experiments were based on

combining a 25O-3OOA layer of yttria In the stack. Y t t M a was

found to fulfill the requirements: It 1s an excellent binding

material and It 1s readily dissolved in HCl. The following

coatings were tested: 1. Antirefleet1ve efficient coating for

germanium In the 8-12pm region. 2. Optical filter for the fl-12pm

region. 3. Antireflecti ve coating for germanium and silicon 1n the

3~5pm region. 4. Anti reflecti ve coating for glass 1n the visible

region.
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RESEARCH ON THIN LAYERS AND MATERIALS USED IN THE
MANUFACTURING OF IC UNITS

J. Meyerovich, M. Brenman, Tova Ben-Hur
FA Lab. of Microelectronic Devices,
Assurance Product Dept.,
RAFAEL, P.O.B. 2250, Haifa, Israel

In this presentation, the main steps necessary for the internal visual inspection of IC units

will be given, through failure analysis (FA) of failed units and/or incoming inspection of

new lots sampling. The use of different instruments and relevant examples will be depicted.

The detected faults are related to poor care taken during testing (current overstress,

electrostatic discharge), production faults (such as poor workmanship in the silicon oxide,

glassivation, metallization, etc.).

Failures can also be caused by foreign materials contamination, especially when they are of a

corrosive nature.

Instruments used by the FA Lab. are: SEM, Auger, SIMS, and Plasma etcher when neces-

sary, after the unit(s) are opened. The first two tools are very useful for surface analysis,

the last one to eliminate glassivation or to open plastic packaged units.
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INFLUENCE OF MOLECULAR OXYGEN ON THE PHOTOELECTROCHEMICAL
OXIDATION OF WSe2

P. Mahalu, M. Peisach, W. Jaegerman, A. Wold and R. Tenne,
Dept. of Materials Research, Weizmann Institute of Science
Rehovot 76100, Israel

Until recently the high quality optoelectronic properties of layered semiconductors were
associated with the quality of the exposed van der Waals surface (vdW). In a recent work
we have shown that mixed surfaces (containing both || c and x c crystallografic planes) can
be exposed by surface indentation followed by photoelectrochemical etching of WSe^1-2!. It
was noticed that such surfaces were obtained only when the electrochemical reaction was
carried out in oxygenated solutions (at PH=1). In this case an anisotropic reaction occurs
where the main oxidation products are soluble HSeO3~ ions and insoluble WO3I

31. Knowing
that water molecules participate in the chemical reaction, an intriguing question is: to which
extent molecular oxygen originated from the gas influences the mechanism of the -photo-
oxidation process. To address this issue, the two kind of oxygen sources were discriminated
using labeled oxygen(018). The O18 content, in the reaction product deposited on the crystal
surface, was determined by nuclear reaction analysis (NRA). The Se/W ratio, for the same
compound, was estimated using Rutherford backscattering (RBS).

A novel reaction mechanism is proposed for the photo-electrochemical etching of layered
semiconductors in the presence of molecular oxygen. Our experiments indicate that molecu-
lar oxygen, dissolved in aqueous electrolyte, participate in a 14 hole/electron photocorrosion
reaction:

WSe2+(2x/4)O2+(9-x)H2O+(l4-2x)h+ -* WO3+2HSeO3-+(16-2x)H+ (1)

with

AG0 =-1477.4+(9-x)237.2 (kJ/mol) (1')

Thermodynamic consideration leads to the conclusion that the larger is the contribution of
molecular oxygen (i.e. bigger x in (1')) the more favorable the reaction becomes. Neverthe-
less, kinetic barriers together with the limited solubility of molecular oxygen in aqueous
solutions preclude values for x higher then 4. Supporting evidence was obtained using
Auger and X-ray photoelectron (XPS) spectroscopies, together with I-V characterization.

The methodology developed in this study can be used to investigate corrosion reaction in
general.

1) R. Tenne, A. Wold, Appl. Phys. Lett., 47, 707 (1985).
2) A. Jakubowicz, D. Mahalu, M. Wolf, A. Wold, R. Tenne, Phys. Rev. B, 40, 2992

(1989).
3) W. Kautek, H. Gerischer, Surf. Sci., 119, 46 (1982).
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LEAKAGE CONTROL IN S.A.W. MICRO-RESONATOR REFLECTORS
G.GOLAN, G.GRIFFEL, A.SEIDMAN, and N.CROITORU.
Department of Electron Devices and Materials
Faculty of Engineering, Tel-Aviv University

Ramat-Aviv 69978

Conventional surface acoustic wave (SAW) resonators have attracted
considerable attention in recent years. A new family of resonators,
the micro-resonators, was originally described by our group. Such a
SAW micro-resonator (one port) consists of a focusing,
transmitting/receiving, reduced dimensions transducer, placed between
two periodic perturbed acoustic waveguide reflectors, creats a
Fabry-Perot cavity structure. These reflectors confine, guide, and
control the propagating acoustic wave along AV/V waveguide channels
with maximum efficiency and minimum cross talk to adjacent elements on
the same substrate. A vital element in a micro-resonator is the
perturbed unleaky waveguide structure. Its mode dispersion is crucial
in order to obtain a prior knowledge of the waveguide behavior in a
practical device. The demand for new kinds of periodical corrugations
in an acoustical waveguide configuration increases, since conventional
perturbations excite leaky modes that, are on one hand, crucial for
Reflective Acoustic Array structure (RAC), but on the other hand,
deteriorate the isolating properties of a typical confining waveguide
in a micro-resonator structure.

In this research, several kinds of complex periodical corrugations
were investigated and analyzed in several acoustical configurations.
The final goal of that work was to check isolation and cross talk
properties in reflecting waveguides along with improvement of their
reflection and radiation properties. This work is novel in the sense
that it enables one to evaluate different waveguide structures,
accepting shapes of any kind. Its results are applicable to all kinds
of waveguides with arbitrary aspect ratios. Eight types of corrugation
structures were devised, investigated and simulated. The first
category consisted of four types of external corugations:
"Cross-Type", "Star-Type", "Pallet-Type" and "Arrow-Type". The second
category consisted of five internally corrugated waveguides: "H-Type",
"V-Groove", "Normal-Well", "Diamond-Well" and the "Tunnel-Type".
CONCLUSIONS: The most significant results of these examinations
implied that the "ingrowing" perturbation devices as the "V-Groove" or
the "H-Type" structures are less leaky than the "Outgrowing"
perturbation structures ("Star Type", "Pallet Structure"), since
diffraction takes place inside the system. The internal perturbation
devices ("Normal-Well" and "Diamond-Well") have an intrinsic advantage
of reduced internal diffraction. This makes them most suitable for
reflectors in micro-resonators applications, and least suitable for
RAC systems.
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HIGH TEMPERATURE DEPENDENCE OF THIN FILM Ni-Cr RESISTORS
IN HYBRID CIRCUITS

A. Peled1, Y. Zloof2 and J. Farhadyan2

1. Center for Technological Education, Holon, Electronics Department, P.O. Box 305, Holon
58102, Israel

2. ELTA Electronics, P.O. Box 305, Ashdod, Israel

The deposition of Thin Film Resistors (TFR) using Ni-Cr alloys consists of a large portion

of resistive circuits utilized in hybrid microelectronics. Ni-Cr resistors have been used for a

long period due to their low TCR values and good stability properties. However, very little

has been published about their temperature dependence in the whole usable range from

-50°C to about +155°C. The present study has been undertaken to obtain some insight on

the nonlinear behavior of TFR at extremes of both resistance values and temperature zones.

The study involved accurate measurements of Ni-Cr TFR's in the whole temperature zone

-60°C to 10°C. Several effects are proposed to account for the resistance-temperature

behavior. Basic models of metallic conduction are discussed in relation to the thermal

behavior obtained experimentally.
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MONITORING MAGNETIC TRANSITIONS WITH LOW-ENERGY
AUGER ELECTRONS

Rami Arkush and Micha Polak
Department of Materials Engineering,
Ben-Gurion University of the Negev, Beersheva 84105, Israel

During AES measurements of surface segregation in a nickel-aluminum solid-solution [1 j we

noted pronounced attenuations in the low-energy NKMVV) and Al(LVV) line intensities

whenever the sample was cooled below ~ 200°C. When the sample was heated again the

original line intensities were fully recovered.

We attribute the observed phenomena to the alloy's paramagnetic-ferromagnetic transition

with a composition dependent Curie temperature. In particular, an external magnetic field,

originating from the electrical current in the heating filament behind the sample, magnetize

it when cooled below T c . The relatively strong magnetic fields associated with the magnet-

ized alloy can deflect the emitted Auger electrons from their specific path towards the CMA

entrance, thereby reducing the number of electrons detected.

This experiment offer a means of monitoring magnetic ordering and surface composition

simultaneously. It is known that the composition and thickness of magnetic films affects

their magnetic properties, such as T c , and on the other hand according to theoretical pred-

ictions, transition to a ferromagnetic state should affect surface composition via segregation

processes.

[I] R. Arkush, M. Talianker and M. Polak, Scripta Metall., 24, 297 (1990).



Ill

Room Temperature Intermixing of Palladium and
Copper Thin Films With Fluorinated Amorphous Silicon

C. Cylermann'.R. Brener1, F. Edelman3, H. Eizenberg1'3 and
R. Weil1'2

Solid State Institute1, Physics2 and Material Engineering3

Departments

Technion-Israel Institute of Technology
Haifa 32 ooo. Israel

and

W. Beyer

1GV-KFA Jullch GMbH.D5l7 Julich, Germany

ROOM temperature interMixing In the Cu/SI and Pd/SI systems was
studied by Means of Atiger Electron Spectroscopy. The Metal H I M S

were deposited on different substrates; crystalline, amorphous,
hydrogenated and fluorfnated amorphous silicon. Fluorine was found
to promote the silicide formation for both metals. The
copper-silicon reaction was strongly enhanced with Increasing
fluorine content In the substrate. For the Pd films weaker
effects and a different dependence on fluorine content were
observed. Catalytic effects are suggested to explain the results.
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Effect of Hydrogen on Resistivity of Ta s Si3 Silicides

P. Rozenak

Department of Materials Engineering, Ben Gurion University of the

Negev, Beer-Sheva, Israel

Interest in silicides lies in their usefulness in integrated circuits as Schottky barriers,

ohmic contacts, low resistivity gates and interconnections. The incorporation of atomic

hydrogen into crystalline semiconductors causes significant changes in both the

electrical and optical properties of these materials (I ]. The effects of hydrogen on

electrical properties were studied by using chemical cathodical charging at room

temperature. Ta/Si multilayers were deposited on silicon oxide grown on a silicon

(100) substrate by E-beam evaporation in UHV. Formation of Tas Si3 silicides was

characterized at various sintering temperatures by using X-ray diffraction techniques.

Secondary ion mass spectroroetry (SIMS) has been used to determine depth of

deuterium introduced by cathodic charging. These results indicate that hydrogen

decreases the resistivity of Tas S>3 filicides. The state of hydrogen on silicide surfaces

and its incorporation in the matrix were discussed.

Reference

[1] SJ. Pearton, J.W. Cbrbett and IS. Shi, J. Appl. Phys. A., Vol. 43 (1987).

p. 153.
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PHASE TRANSITIONS IN AMORPHOUS Al-La THIN FILMS

K. Kaplan1, Y. Lereah*. Y. Azoulay1 and A. VoroneU
1. Faculty of Exact Sciences,
2. Faculty of Engineering,
Tel-Aviv University, Tel-Aviv 69978, Israel

Thin films of Al-La alloys were prepared by co-evaporation of the elements (Al0 ,La0 a).

The films were examined by transmission electron microscopy and it was found that they

are consisted of Al crystals embedded in an Al-La amorphous matrix. These films were

heated in the electron microscope by one of the following two means: a small furnace and a

concentrated electron beam. Heating by the furnace up to 400*C resulted in partial crystall-

ization of die amorphous phase into a Al-La crystalline phase. Heating with the concen-

trated electron beam to temperatures above SOO'C resulted in the crystallization of various

phases, which were a function of the different local temperatures.
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EVIDENCE FOR SHEAR STRAINS IN THIN (112) LAYERS OF
MOCVD GROWN CdTe

A. Raizman, G. Cinadr>r arid A. Shc?r
Solid State Physics Department
Soreq Research Center, Yavne 7O6OO, Israel

Thin CdTe layers grown on HgCdTe may be very useful
for passivation of surface states in HgCdTe.

The strains accommodated in CdTe thin layers
(0.2pm) grown by metal organic chemical vapor deposition
(MOCVD) on HgCdTe thick layers (5 pm) have been studied
using a double crystal diffractometer.

CdTe thin layers grown on substrates oriented along
a symmetry axis such as (111) undergo a tetragonal
•longation perpendicular to the layer surface. The
parallel and perpendicular lattice constants can be
derived by measuring two "conjugate" asymmetric
reflections.

However, if the substrate is oriented to mn
arbitrary direction such as (112), one has to take into
account also shear type deformation of the layer. This
is due to the anisotropy of the CdTe elastic constants.
An estimation of the shear angle was obtained, by
measuring the difference of the angular separation
betwppn layer and suhstrnte reflections of two planes
with the same inclination to the growing surface.
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PROPERTIES OF SiC THIN FILMS PRODUCED BY e-GUN EVAPORATION

Z. Avigal*, C. Rachman**, S. Cohen* and K. Weiser*,
* Solid State Institute,
Technion Israel Institute of Technology, Haifa, Israel
"Department of Materials Engineering,
Technion Israel Institute of Technology, Haifa, Israel

SiC films were produced by e-gun evaporation in a high vacuum system with base pressure

of iO~' Torr, using a sintered SiC source. The method proved to be straightforward except

for the sensitivity of the source to thermal shock. A novel technique was used to minimize

the difficulties associated with this problem. The films were typically several thousand

Angstrom thick and adhered well to various substrates such as quartz, Si and salt. The most

important results obtained to-date are that the films were amorphous and stoichiometric.

The amorphous nature of the films was ascertained by electron diffraction and transmission

microscopy and their stoichiometry was confirmed by RBS, Auger and ESCA measurements.

These techniques also showed that only one phase was present in the films. The refractive

index was measured by ellipsometry and found to be 2.67+0.02, which agrees well with

values cited in the literature. The effect of hydrogenation on the film properties and the

kinetics of crystallization with heat treatment will abo be discussed.
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ESTIMATION OF GAS PRESSURE AND COMPOSITION IN RING LASER
GYROSCOPE BY GAS EMISSION SPECTROSCOPY

Y. Siderer, M. Benisty, A. Sher and R. Yahalom
TAMAM, Precision Instruments Industries,
Israel Aircraft Industries Ltd.,
P.O.B. 75, Yehud 56100, Israel

A Helium-Neon gas mixture is used for lasing in a ring laser gyroscope (RLG). The total

pressure and the partial pressure of the gases critically affect the lifetime of the device;

thus, it is important to know the change of pressure with time.

While developing assembly processes for RLG we have used the optical emission of helium

and neon during the electrical discharge as an indicator of the gas pressure.

Measurements are taken through the instrument's polished walls. The ratio between the in-

tensities of two specific helium emission lines is used as a measure for the total pressure in

the hermetically sealed instrument; the ratio between intensities of helium and neon emission

lines measures their partial pressure.

A block diagram of the vacuum system, gas filling station and spectral measurement system

is demonstrated.

Results of calibration measurements of emission lines intensity ratios for gas pressures in the

range of 1-6 torr, and for different gas mixing ratios, are presented. These measurements

are used for the estimation of pressure changes in different devices during their assembly.

The Helium-Neon energy level diagram helps to understand the strong pressure dependence

of the particular lines under study.

The spectroscopic method is non-destructive and therefore can be used throughout the

lifetime of the instrument; it is also used for the detection of contamination in the gas.
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ADIABATIC FOLLOWING IN STIMULATED RAMAN PROCESSES:
A NEW CONCEPT FOR EFFICIENT AND SELECTIVE POPULATION
TRANSFER

K.Bergmann
Department of Physics, University of Kaiserslautern
6750 Kaiserslautern, West-Germany

Population transfer from thermally populated atomic or molecular levels to un-
populated ones for spectroscopic studies or for collision dynamics experiments is in
particular attractive if the transfer process is both efficient and selective. A new
experimental approach, called "STIRAP", which employs a pump laser and Stokes
laser to induce a stimulated Raman process is described / I / . The thermally
populated level 1 and the final level 3 are strongly coupled by the two radiation
fields via resonant or near resonant interaction with an intermediate level 2. It is
explained why the sequence of interaction of the molecules with the lasers should
be counter-intuitive. A transfer efficiency of unity is achieved only if the
interaction of the particles with the Stokes laser precedes the interaction with the
pump laser, provided there is a suitable overlap between the two. For the transfer
process to be selective, i.e. if spontaneous emission processes are prevented from
populating other levels, the laser intensities, or the respective Rabi frequencies,
must be sufficiently large. Inspection of the eigenstates of the Hamiltonian H(t) of
the atom or molecules interacting with the radiation field shows that one of the
eigenstates is given by a superposition of the eigenfunctions of states 1 and 3 alone.
This eigenstate is exclusively populated in the specific arrangement mentioned
above. If H(t) varies slow enough, i.e. if adiabatic following is assured / 2 / , the
transient population in level 2 is negligibly small, and a highly selective transfer
process results.

Ill U.Gaubatz et. al, Chem. Phys. Lett 14g, 463 (1988)
J.R.Kuklinski et. al, Phys. Rev. A 4Q, 6741 (1989)
U. Gaubatz et. al, J. Chem. Phys. 82,000 (1990)
G.Z.He et. al, J.Opt. Soc. Am. B, submitted

/ 2 / J. Oreg et. al, Phys. Rev. A_2fi, 690 (1984) and A_22, 2776 (1985)

PACS no: 33.80.Wz, 42.65.Dr
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RADIATIVELY DAMPED COLLISIONS OF ULTRACOLD ATOMS

A. Ben-Reuven
School of Chemistry, Tel Aviv University
69978 Tel Aviv, Israel

Recent advances in methods of laser cooling and trapping are being used now to
cool atoms down to absolute temperatures below a millikelvin. Collisions nave
an important effect on the stability of the ultracold atomic traps even at
relatively low densities, in addition to providing an interesting subject in its own
right. Owing to the low velocities at such temperatures collisions between
ultracold atoms may last for a time duration much longer than the radiative
lifetimes of the electronic levels excited by the cooling laser radiation. Neverthe-
less excited states can survive long enough for processes to occur in them if the
laser excitation is sufficiently strong. Most notable was the observation by the
NIST group of associative ionization in doubly excited collision pairs of ultracold
sodium atoms.

Conventional time-independent scattering theories are inadequate for dealing
with such situations. Not only the collision energy is not conserved, but also one
cannot use energy eigenstates as stationary asymptotic states, as a result of
radiative decay. The purpose of this talk is to outline various lines of approach
to the formulation of a theory of ultracold collisions impeded by radiative
damping acting as a stochastic process. Starting from a general description of
the collision dynamics by the Liouville - Von Neumann equations, with
stationary states of the density matrix as asymptotic states, various ways of
simplifying the problem by appropriate approximations will be discussed in brief.

PACSnos.: 32.80.Pj; 34.50.Itt; 34.10,+x.
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LASERS ARE NOT ABSOLUTELY COHERENT. WHAT CAN WE DO
(OR AT LEAST SAY) ABOUT IT?1

YEHIAH PRIOR, A.O. XOFMAM, R. ZAIBEL, AND A.M. LEVINE

Chemical Physios Department
Weismann Institute of Science

Rehovot Israel, 76100

Lasers are supposed to be monochromatic, but they are not.

In fact, no matter how much we pay for them, they always have a

finite bandwidth. In this talk we discuss the fundamental

reasons for this linewidth, and propose a model for the

description of stochastic processes in laser fields.

We describe laser fields by the new General Jump Model for

phase fluctuations, where a constant amplitude and a nominal

center frequency are combined with a fluctuating phase which

jumps at random times. The model involves a nonMarkovian process

where each phase jump is correlated to the previous jump by a

general one step memory function, and the entire range of

correlation parameters is analyzed analytically. The model

covers the cases of fully correlated jumps (which for small jumps

is the Kubo oscillator model), anticorrelated jumps (Telegraph

noise model) the and the uncorrelated (Burshtein) case.

The field is analyzed and its characteristics are studied

and compared to detailed numerical simulations. In addition, the

model is used for the derivation of generalized Bloch equations

for nonlinear optics which account for phase fluctuating fields.

The model is applied to the case of resonance fluorescence, and

detailed lineshapes are derived. Preliminary experimental

observations will be presented.

This work was partially supported by a grant from the US-

Israel Binational Science foundation.

PACS numbers 42.65.Bp, 05.40.-fj
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AMPLIFICATION OF SPONTANEOUS EMISSION IN THREE DIMENSIONAL

SYSTEMS

G. Hazak

Physics Department Nuclear Research Center-Negev,

P.O. Box 9001 Beer- Sheva, Israel.

Abstract

The steady state wave equation description of ASE In three dimensional

systems(i-2) focuses on a narrow frequency band at the atomic line

center. In the present work, the effect of this approximation is studied

by comparison to an alternative procedure which accounts for the full

llneshape. The three dimensional time dependent Maxwell - Bloch

equations for ASE are solved as an Initial value problem,by using mode

expansion. The steady state limit Is approached only for quantities

which are bilinear In the field (autocorrelation function and radiation

intensity). It Is found that .except for a gain narrowing factor, the

Inclusion of the full llneshape (or equivalents the detailed dynamics of

atomic polarization) does not change the the theoretical prediction for

the amplification of mode Intensity as a function of the system length.

On the other hand it changes the prediction for the behavior of

normalized cross correlation of mode amplitudes from complete

Independence to a decaying function of the system length.

References

O K A . Haus and S. Kawakami IEEE J. Of Quantum Electronics
QE-2163(1985)

2)A. E. S legman Phys. Rev. A 39 1253 (1989)

PACSNo.42.50Jx
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EFFECTS OF COUPLING TO A BATH ON LOCALIZATION IN THE
QUANTUM KICKED ROTATOR PROBLEM

D. Cohen
Department of Physics, Technion-Israel Institute of Technology
Haifa 32000, Israel

The Kicked Rotator constitutes a prototype system for the investigation of
Hamiltonian chaos. Quantum Mechanically, the chaotic nature of the dy-
namics is suppressed due to a localization effect that is similar to Anderson
Localization in disordered solids. Coupling the system to a heat bath results
in Noise and Dissipation, which are competing effects. The purpose of this
talk is to review these effects and their interplay in the dynamical behaviour
of various models. A linear coupling to a bath may be intestigated using
the Feynmann-Vernon Formalism, following works by Caldeira and Leggett.
Alternatively, the Master Equation approach is used. However, the latter in-
volves the Markovian approximation and therefore fails to take into account
the fact that at low temperature noise has long time correlations.

The effect of uncorrelated noise on the classical kicked rotator was investi-
gated by Rechester et al. In this case, long range correlations are of little
importance due to the exponential instability of the phase-space trajectories.
It was already found by Ott et al. that weak uncorrelated noise destroys
quantum localization. However, also at the limit of zero temperature, when
noise is correlated, localization is still destroyed and linear diffusion is recov-
ered. The mechanism for destruction of coherence depends on the type of
noise correlations. Resonances of the Anderson-Mott type show-up in case
of long-range correlated noise.

While noise results in recovery of diffusion, dissipation of energy tends to bal-
ance it, and a steady state is reached. The nature of this steady state was in-
vestigated by Dittrich and Graham and was found to depend on the strength
of the coupling. The classical strange attractor is found to be smeared due
to quantum noise, thus becoming consistent with the uncertainty relation.

PACS no: 05.45+b, 05.30.-d, 05.40.+J
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TOPOLOGICALDEFECTS IN ANISOTROPIC HYDRODYNAMICAL
8TSTEM8

E. Braun

The Weizmann Institute of Science, Rehovot

(No abstract)
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Remote Wind Sensing in Strongly Turbulent Media

Vair Zadik

Department of Physics

Bar-IIan University, Raaat-Gan 52100

Remote wind sensing for the case of weak turbulence has been con-

sidered by A. Baraa et al^1*. He extend this Method to the case of

strong turbulence, which becomes crucially important at long distances.

The remote wind sensing technique contains the following steps: a) send

a spherical wave from a laser; b) receive the light at two points

located in the plane perpendicular to the line of light propagation;

c) Measure the changes of the field-field correlation function in the

plane at short tlMes froa which the perpendicular component of the velo-

city of wind can be derived.

The proposed Method enables one to calculate the average wind over

long distances, which is of special importance for flying objects.

There are soae practical probleas concerning the application of the

Method, such as difficulties in Measuring the field-field correlation

function. It would be useful for practical applications to connect the

field-field correlation function with that of the intensities of the

field.

1. A. Baraa. S. Tsadka, Z. Azar and N. Tur. Appl. Optics £7. 2145 (10M)
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EFFECT OF THE DENSITY CHANGE ON THE SOLIDIFICATION IN A SLAB
OF FINITE THICKNESS.

Ch.Charach- and Y.Zarai-. Center for Energy & Environmental
Physics, The Jacob Blaustein Institute for Desert Research.
Ben Gurion University of the Negev, Sde Boqer Caapus. 84993,
Israel.

Planar solidification in a vertical slab of finite
thickness, cooled from below, is addressed. The density of
the solid is assuaed to be greater than that of the liquid.
Such a systea is stable against natural convection. However,
due to the density change in phase transition, there is a
liquid flow towards the solid-liquid interface 11], which is
accoapanied by foraation of a cavity between the liquid and
the lop of the container. Considering the liquid as an
Incompressible fluid and assuming the one-diaensionality of
the flow, we determine its velocity and pressure in terms of
the solid-liquid interface aotion. This way the problea is
reduced to the determination of the temperature fields in
each phase and the aotion of the phase-chance front. By
immobilization of the interface and a proper rescaling of
the relevant parameters, the actual advection in the liquid
ia brought to the same fora mm that caused by this
coordinate transformation. Hereby, the present problea
becomes equivalent to a purely conductive one, formulated in
an expandinc-contractinc coordinate frame L2J. Several
asymptotic solutions, including those that account for the
radiative heat transfer in an emerging cavity, are
developed.

PACS 44.10. +1.

1. L. Rubinstein. J. inat. Math. Appl. 24. 259 (1979).
2. P.B.Kahn and Y.Zarai. J. Appl. Physics. &1. 5018 (1967).

* And Department of Physics, Ben Gurion University of the
Negev, Deer-Sheva. Israel.



Abulafia Y.
Abramovich-Sivan S.
AdlerJ.
Aharoni A.
Aharoni H.
Akovali Y.A.
Akselrod S.
AlsterJ.
Alvarez O.
Arkush R.
AsafU.
Ascarelli G.
Atzmon S.
Auerbach A.
AvigalZ.
Avishai Y.
Azbel M. Ya
Azouiay Y.

Bacelar J.C.
Band Y.B.
Barl.
Barak J.
BasuB.
Bauminger E.R.
Beausang R.M.
Becker J.A.
Benary V.
Ben-Aryeh Y.
Ben Avraham S.
Ben-Chorin M.
BenHurT.
Benisti M.
Ben Michael R.
Ben Reuven A.
Bergman D.J.
Bergmann K.
Berkovits D.
Berman D.
Birgenau R.J.
Boaretto E.
Boeffel C.
Braun E.
Bregman J.
Brener 1.
Brener R.

Author

84
78
8. 58. 59
58
85.98
32
73.78
26
1
110
41
41
43
65
115
15
16
113

31
15
39
90
10
64
31.32
32
78
97
89
25
106
116
93
116
82
117
33
22
2
33
86
122
102
20.81
111

Index

Brenman M.
Brinkman M.J.
Broude C.
Buch Andersen V.
Burde J.
Buxbaum A.

Cahen D.
Caitchik C.
Chadwick R.
Charach C.
Cinader G.
Cizewski J.A.
Cohen D.
Cohen E.
Cohen S.
Cohen Y.
Croitoru N.
Cytermann C.

David D.
Davidov D.
Davidson N.
Delaplanque R.M.
DeutschM.
Diamond R.M.
Draper J.E.
Drizlich S.
Duyar C.

Eckstein S.G.
Edelman F.
EgerD.
Ehrenberg B.
Ehrenfreund E.
Einar S.
Eizenberg M.
Eliezer S.

Faermann S.
Farber E.
Farbstein H.
Farhadyan J.
Fekete D.
FekJman H.
Felner 1.

106
32
27
104
31,32
99

63
69
77
124
114
32
121
19.81
115
39
103, 108
111

39
67.86
44,45
31,32
69.84
31.32
31,32
74
31

57
111
101
71
19.81
70
99.111
48

79
61
69
109
57
53
64



Finkentha! M.
Foord M.E.
Fraenkel B.S.
Friesen A.A.
Fruchtman A.

Garini Y.
Golan A.
Golan G.
GoMfarb 1.
Goiosovsky M.
Gordon P.
Grieffel G.
Gross E.

Harris A.B.
Hansel D.
Havlin S.
Henry E.H.
Hollos G.
Heber O.
Hasman E.
Henis Z.
Hakham-ttzhaq M.
Horovitz B.
Hodes G.
Hechel D.
Hess N.
Haronian D.
Huppert D.
HazakG.

llzitser D.

Jacket S.
Johnson F.M.
Joseph A.
Juegerman W.

Kandel D.
Kanter 1.
Kaplan K.
Kasi S.R.
KaspiT.
Kastner M.A.
KatzirA.
Kaveh M.
Kella D.
Keller E.N.
KetlyW.H.

51,52
46
42
44, 45, 76
37,46

21.81
102
108
103
67
56
108
71

3,58
7
9,75
32
33
34
44,45
48
49
62
63
64
66
72
100
120

66

43
71
89
107

4
6
113
96
78
14
74
17,18
53
86
32

Keselbrener L.
Klein L.
Kofman A.G.
Kopelman R.
Korten W.
Koval D.
Krutman Y.
Kuhnert A.
Kulander K.
Kwiat D.

Lallonz R.
Laulicht 1.
Lavie A.
Levine A.M.
Lereah Y.
Lewis A.
Lewkowitz M.
Lieberman K.
Lifshitz E.
Lifshitz Y.
Lubezky A.
Lubezky 1.
Lynden-Bell D.

Maochiavelli A.O.
Mahalu D.
Malkin E.
Mandelbaum P.
MaozR.
MarcuV.
MaronY.
MaskilN.
Me Donald RJ.
MeersonB.
MeirY.
Meirav O.
MeiravU.
Meyerovich J.
MiklazkyE.
Mints R.G.
MitnikD.
Mordechai S.
Movshovitz

Naaman R.
NdchNel E.
Nathanson B.
Nowikl.

73
58
119
9
32
24
79
32
35
70

43
90
71
119
113
50, 72,80. 87
77
50
23
96
105
105
10

31
107
53
51
95
88
37, 46.47
84
31.32
36
58
30
14
106
53
68
51
29
83

53
86
40
64



Olszakier M.
Ovadyahu, Z.

Palanker D.
Paul M.
Peisach M.
Peled A.
Pelleg J.
Perelmutter L.
Pistiner S.
Podbielska H.
Polak M.
Portnoy D.
Prior Y.

RabalaisJ.W.
Rachman C.
Raizman A.
Rapaport D.
Rappaport M.
Rechav B.
Reiniger R.
ReisfeW G.
Reshotico M.
Ricklis H.
Rokni M.
Ron A.
Rosenwaks S.
Rosenwaks Y.
RoyN.
Rozenak P.
Rubel E.

Sagiv J.
Samkl 1.
Sarfaty M.
Sarusi G.
Schieber M.
Schwartz M.
Schwob J.L
Scolnik Y.
Seidman A.
Shattiel D.
Shapira Y.
Shaviv G.
Sher A.
Shimony Y.
Shore B.W.
Shuker R.

19,81
24,25

80,87
33
107
91,109
103
41
11
76
110
11
119

96
115
114
54
63
92
41
41
41
85
40
81
39
100
32
85.112
32

95
85
46
101
67
63
51.52
63
108
61
100.102
11.56
114,116
73
35
49

Siderer Y.
Silverman A.
Solomon S.
Stavans Y.
Steinberger I.
Stephens F.S.
Strenblow H.H.
Stutman 0.
Suss J.T.

Taitelbaum H.
Tannhauser D.S.
Tenne R.
Tirosh R.
Troyansky L.
TsachT.

VagerZ.
Voronel A.

Wandel A.
Weil R.
Weinreb A.
WeiserK
Weiss G.H.
Wiser N.
Wold A.
Wolf A.

YacobyY.
Yagil Y.
Yahalom R.
YaronU.
YatesS.W.
YatsivS.
Yeshurun Y.
Yosefin M.

ZadigY.
Zahler M.
ZaibelR.
Zaiffman J.
ZarmiY.
Zemel A.
ZevinL.
ZiglerA.
ZIoofY.
ZurA.

116
59
13,55
5
41
31,32
88
52
90

9,75
93
107
69
46
67

53
113

12
59,94,111
69
115
9.75
83
107
28

92
82
116
64
32
38
60
18,82

123
97
119
53
124
101
103
43
109
74



C.T.S. LTD. ^
JOKW EDWARDS

U.at.3

Vacuum/compressor pumps 8liS:J!ni!)!? iCilid

Mechanical high vacuum Mechanical rotary pumps
Accessories for mechanical rotary pumps
Calculations
Mechanical booster pumps and pumping systems
Drystar oil tree High Vacuum pump
Systems lor semiconductor applications

Secondary pumps Oil vapour booster pumps
Oilfstak (ft)
Vapour dillosion pumps'
Vapour diffusion pumps - industrial series
Vapour pump accessories
Vapour pump combinations
Turbomolecular pumps and pump combinations
Cryopumps
Sputter-ion pumps

Measurement and control Vacuum measurement, analysis and process control
instruments

General vacuum accessories Pipeline valves
Gate valves
Quarter swing valves
Air admittance valves
Coupling components
Seals
Leadthroughs

Fluids and sealants Mechanical pump oils
Vapour pump fluids
Greases, waxes and sealants

Pumping systems Refrigerator dehydration unit
Pipeline systems
Special pumping systems

Freeze drying Freeze drying
Laboratory scale
Pilot and production
Large seal* production
Freeze drying - the technique

Vacuum coating Coatmg units for EM specimen preparation
Coating unit* lor general purpota appNcMioM
Film tnicfcnM* monitors
Ttmtscat electron team sources
Temescal electron beam evaporation syrtem

Leak detection
High fMqiMncv M M * HMdy-ttcMr

In CM we mart ternce tine* 1921
j\YM\

•tit Ttmn MP>A wvm

Heed Office: 100 JsbMmsky Rd PMan Tifcvj All correspondence lo P 0 H 10 t«.-l Aviv. 61000 Israel T<-l 03 9250 250, CaWes Ouimnc.
Telen 361137 CTS IL f j« 03 9225964 Branches .k-n,r.,ilcm. Maifj

oj'»J»»e»*.ojK)*i«iJ7CTSH.:Oj»»o«*n('»o:0'jro»»»n>n.oj-e»so-jso'»u.«tooo(« nio i n »«mjnjn.1 ni/rnnnoitn'irofoa
M > M » ? / I y o . n o a o u p t ) . • » i n . t o * iMnrmi.1 m wn OJ J2«*ii *to 94310 w o .71 miinonn ni .otwi* -.



I f IN* CICtUS ClUtd CtlULi

SHVM3CT 1CK.U UUJOQUlU ACIrfCLIU

UUll Irtlf liOiiKIOUO' O.OCOK.O' OOtGUO'
CJHJ..0: KCIiUU' itiClU' UIO' UOlHi' KCrf' AUIU' CAM.' MOKilO' Nlill'

C L I O O A U I I U ' IHiilO' ' LiMCCtCIU Iff It '

CIMICHO: QCCilU

SU313M HO: ILCIIO ILICIOAIIO ICOUIU

a.a: UU»IO ' C *

o0oos
' QLa.a irid u.aia iwiod ONIIISIM UUCU rti

UZiL UOLOl ILGINU

G L I O Q A U I I U IKiCIUU GAOOilU ifitmHClW KCOUGItlU'

GAOOiZlU)' OCffliLi UiCIIO ACAOIU' QLOOIO IUKIL A«-"O»O' ClfflNCIU
VOVS3O a313WOllSN3Q' Qtli.Q ACLiaOltLGiU' GAOIU (ICICiU' MJKl&tta'

& SU311IJ O31VinSdV3N3
NVWIVHrtA CiL QiCll' OOCLCIU' JlAICIU 31dH GAOIU 311 K.IL

UU£CU,H»

LU. max, i r U L i f it at, Z9szsz - 6sozsz* ,ua\t,,a 01016 acui!.o tficl •\.ia\t,<Q' 014*0 L*I9Z cda esozsc-co

ur d id imiu. ULtx) crrMic



if BIPOL LTD. it \\ i

i nor? nioiiaan nnjnn

o->orm> ,ipno
• 7IJ/7

TUBING FITTINGS & VALVES

SWACELOK
companies

mam
oinra

TUBE FITTINGS fc VALVES

UHP FITTINGS fc VALVES(ELECTROPOLISHED)

FILTERS

CHECK S RELIEF VALVES

HYDRAULIC FITTINGS

HIGH PRESSURE FITTINGS fc VALVES

FLEXIBLE HOSES

QUICK CONNECTORS

HIGH t ULTRA HIGH VACUUM COMPONENTS

HY-TECH

SS316L :T»n->« rn"?on mm

(UHP TUBING) WIVM O",7J O'Ol»">

ELECTROPOLISHED -7»/»'f • ! > »
-OJ1OD

aipm.nxnnb B '

A SWAC3ELOK- COMF¥KNY

ARC-WELDING nt'OOW7M

BELLOWS o'inm Q'rm >a> o"j*ttfip a*ri3
4-250mm Aw

sr. itN oviKOL $T, m.Avnr *4)*2 a'aii-in .s? i i v a i fan -m
O3-2MM2, 2SM49, FAX: »7J-J-2S«I4«, TIX; MI59S OANEf IL ATT IIPOl



ij BIPOL LTD. it \\ n"ui. I w

HIGH AND ULTRA—HIGH VACUUM EQUIPMENT

NOR-CAL VALVES, TRAPS, FITTINGS

FLANGES(KF-NW,ISO,CF,ASA)

FEEDTHROUGHS

FLEXIBLE HOSES, BELLOWS

VACUUM TUBING

T/».V

OIL FREE PUMPS nW3> mjnon-

(inr mrmi o"}tva i&*3ton mam I

OIL FREE LEAK DETECTORS

ALCATEL M*l '>V3,O'T" l-( /D'»J»; /!»I>'>T '«>i-

PIIOTOTRON j UV ni'ip3-il3'M> i f l f

VECTORLOCK COLLARS

thermlonlcs vacuum products

7i'y

PUMPS:ION, SUBLIMATION,COMBO-VAC

E-GUNSt 3KW - 1MW !

MANIPULATORS

FEEDTHROUGHS s ELECTRICAL,LIQUID.MOTION

GATE VALVES

T.C I GOLD CATHODE GAUGES iCONTROLLERS

COMPLETE SYSTEMS

MBE, P L E . . .

GERAC

0ERAC

MATERIALS

mil no

VACUUM DEPOSITION MATERIALS

METAL i. ALLOY POMOEKS

RARE INORGANIC CHEMICALS

SPUTTI5RING TARGETS tt»VX)

BACKING PLATES+DONDING SERVICES

37, UN OVIItOL JT, fEL-AVIV »4)*2 3'aN-in A1 111*31 |3M 711
fhon.t 03-2M9SX 25M49, PAXs 972-)-2S0(4«, ILX; J*15»$ OANET IL ATT IIPOL



We Market Instrumentation & Materials

Fcr

Research Engineering and Nuclear Medicine

Nuclear Detectors:- Ge, Sili, Si, Nal, GM, He.,, Bf.,, etc ... I

Nuclear Instrumentation;- Multichannel Analyzers (PCA&MCA)j£ow Background systems.
Spectrometers, Nim modules, Vaccuum chamber. Router Multiplexer.

6 :

TC862TAC;TC863TAC,
TC 864 TAC/BiMed Amplifier.

*

i * o • • .
!• 0

"fi * iTCM4WkJely L:
Acclaimed as {:••}>.
me Finest ^ _
Spectroscopy
Amplifier in «ne
World

Radiation Monitors:- Personals Dose 6 Rate Meters, Area Contamination Monitors, Survey Meters,
TLD/Neutron Dosimetry.

Shieldinq Materials:- Pb transperant plastic/glass Barriers, Lead Bricks and Barriers, Lead
Castle Gamma Shielding, Collimators, Radiolsotopes, containers and
Isotopes Carriers.

Research Materials:- All Types of high purity Metals & Alloys and Materials, Neutron Activation
Foils&wires, Educational Foils.

For further details please contact NIM Tel: 051-750787, 750997
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Precision Cuoled CCD Caiera

C3 6 4 0

AApplfration Exaaple
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obtained wlUi a 00 ra F<1.7 Newtonian TPIPSCOPP

Alaage Exaaple of Test Pattern

Achieves ultra-high resolution of 1 Hi 11 ion pixels
(1000 X 1018) with high sensitivity and high dynamic range,

greatly exceeding conventional SIT cameras!

The C.1640 Is an ultra high resolution ami ultra IIIRII sensitivity CCD caaera devploped
to detect an IBBRP In H I P dark TPRIOII WIIPTP a noraal video raaern lias no sens-IMvity.
The C.ir.40 has achieved Its iiltrn- high sensitivity and a liiijh dynaalc range exceeding
a conventional high sensitivity (SIT) ca«era with an ultra-high resolution of I
• I 11 ion pixels (JOOOx 1018K by employing a scientific grade frate transfer type CCD.

The C3fi4O arpiiios high sensitivity iaagns in
the Cf.'(> chip liy long exposures. In rpRirlar
CCH caaeras. there is considerable iaage
deterioration at rooa teaperature due to
dark current and noise when exposures are
long. To overcoae this situation, the C3G40
uses a theraoelprtric cooling systea to
decrease dark nnisp to such a low level that
it can he ignored. Sharp, clear, high •iiiality.
high resolution iaages can be taken at
extreaely low light levels.
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THE ISRAEL VACUUM SOCIETY
10th ISRAELI VACUUM CONGRESS

THE HEBREW UNIVERSITY OF JERUSALEM
GIVAT RAM CAMPUS, WISE AUDITORIUM,

JERUSALEM, ISRAEL

Monday, 7th May, 1990

8:30

9:10- 9:15

SESSION A

Registration

Opening

Chairperson: E.

P R O G

Griinbaum,

R A M

Tel-Aviv University

9:15-9:45 Al

9:45 - 10:00 ** A2

10:00- 10:15 ** A3

10:15 - 10:30 ** A4

10:30 - 10:45 ** A5

10:45 - 11:05

SESSION B

11:05-11:35* Bl

11:35 - 11:50 B2

POSTER SESSION

11:50- 12:20

12:20 - 12:50

PI

TOWARDS ORGANIC-INORGANIC SUPERLATTICE STRUCTURES VIA
CHEMICALLY-CONTROLLED SELF-ASSEMBLY
R. Maoz and J. Sagiv, The Weizmann Institute of Science

INTERFACIAL REACTIONS IN THE
A. Buxbaum and M. Eizenberg, Technion

i SYSTEM

SURFACE RECOMBINATION VELOCITY MEASUREMENTS ON InP SUR-
FACES AND THEIR METAL INTERFACES
Y. Rosenwaks, D. Huppert and Y. Shapira, Tel-Aviv University

DEGRADATION MECHANISMS IN HgCdTe PHOTODIODES PERFOR-
MANCE CAUSED BY HIGH DOSES OF GAMMA RADIATION
G. Sarusi, D. Eger and A. Zemel, Soreq Nuclear Research Center -
N. Mainzer, R. Goshen and E. Weiss, SCD Semiconductor Devices, D.N. Misgav

NOVEL INDIUM OXIDE/n-GaAs DIODES
A. Golan, J. Bregman and Y. Shapira, Tel-Aviv University,
M. Eizenberg, Technion

Coffee Break

Chairperson: M. Eizenberg, Technion

GROWTH OF FILMS FROM LOW ENERGY ION BEAMS: APPLICATION-
DIAMONDS
Y. Lifshitz, Soreq Nuclear Research Center
S.R. Kasi and J.W. Rabalais, University of Houston, Houston, Texas

LATTICE DISTORTION IN SPUTTER-DEPOSITED IVB METAL (Ti.Hf.Zr)
NITRIDES
I. Goldfarb, J. Pelleg, L. Zevin, Ben Gurion University -
N. Croitoru, Tel-Aviv University

Oral Summary by the Authors (3 minutes each)

Presentation of the Posters:

PROPERTIES OF SiC THIN FILMS PRODUCED BY e-GUN EVAPORATION
Z. Avigal, C. Rachman, S. Cohen and K. Weiser, Technion

Invited Lecture.
' Best Presentation Competition.



P2 EVIDENCE FOR SHEAR STRAINS IN THIN (112) LAYERS OF MOCVD
GROWN CdTe
A. Raizman, G. Cinader and A. Sher, Soreq Nuclear Research Center

P3 PHASE TRANSITIONS IN AMORPHOUS Al-La THIN FILMS
K. Kaplan, Y. Lereah, Y. Azoulay and A. Voronel, Tel-Aviv University

P4 EFFECT OF HYDROGEN ON RESISTIVITY OF Tas-Si3 SILICIDES
P. Rozenak, Ben Gurion University

P5 ROOM TEMPERATURE INTERMIXING OF PALLADIUM AND COPPER
THIN FILMS WITH FLUORINATED AMORPHOUS SILICON
C. Cytermann, R. Brener, F. Edelman, M. Eizenberg, and R. Weil, Technion
W. Beyer, 1GV-KFA, Jiilich, West Germany

P6 MONITORING MAGNETIC TRANSITIONS WITH LOW-ENERGY AUGER
ELECTRONS
R. Arkush and M. Polak, Ben Gurion University

P7 HIGH-TEMPERATURE DEPENDENCE OF THIN FILM Ni-Cr RESISTORS
IN HYBRID CIRCUITS
A. Peled, Center for Technological Education, Holon
Y. Zloo and J. Farhadyan, Elta Electronics

P8 LEAKAGE CONTROL IN S.A.W. MICRO RESONATOR REFLECTORS
G. Golan, G. Griffel, A. Seidman and N. Croitoru, Tel-Aviv University

P9 ESTIMATION OF GAS PRESSURE AND COMPOSITION IN RING LASER
GYROSCOPE BY GAS EMISSION SPECTROSCOPY
Y. Siderer, M. Benisty, A. Sher and R. Yahalom, TAMAM Precision Industries,
Israel Aircraft Industries, Yehud

12:50 - 14:10 Lunch

14:10 - 14:30 Ceremony in memory of Eng. A. Roth:
Words in Remembrance by A. Inbar, ELTA -
Award for Best Presentation

14:30 - 15:00 Business Meeting

15:00 - 15:20 Coffee Break

SESSION C Chairperson: J. Yinon, The Weizmann Institute of Science

15:20-15:50* Cl MASS SPECTROMETRY IN SUPERSONIC MOLECULAR BEAMS
A. Amirav, Tel-Aviv University

15:50-16:10 C2 A MICROPROCESSOR CONTROLLED CRYOPUMP
V. Buch Andersen, CIT Cryogenics (Europe), Orsay, France

16.10 - 16:25 C3 REMOVAL OF OPTICAL COATINGS BY USING INTERMEDIATE LAYERS
I. Lubezky, RAFAEL -
A. Lubezky, Haifa University

16.25 - 16:40 C4 RESEARCH ON THIN LAYERS AND MATERIALS USED IN THE MANU-
FACTURING OF IC UNITS
J. Meyerovich, M. Brenman and Tova Ben-Hur, RAFAEL

16-40 - 16:55 C5 INFLUENCE OF MOLECULAR OXYGEN ON THE PHOTOELECTRO-
CHEMICAL OXIDATION OF WSe2

D. Mahalu, M. Peisach, W. Jaegerman, A. Wold and R. Tenne, The Weizmann
Institute of Science
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