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ABSTRA4CT

Mhis thesis is concerned with studying the effect of
photo-illumination on surface erystallization of amorphous
Se doped with 4.26 % S in the tem eraturs range of 98-144°C.
The change in the electrical conduetivity during the isothermal
tpansformation was used t- investigate the crystallizgtion
kineties in light of recent concepts of erystallization in
organic polymers applying Avrami theory. Two distinct
approaches had been applied %o interpret the results namely;
Odelevsky and Landauer aPProaches. Odelevsky approach
congiders 0 as characteristic property of the double Phaga
system while Landauer approaches congider log 0 as charact-

eristic property.

The main results can be summarized as follows

I
L

1- Kinetic calculations -n basis of Ibg 0 indicates Thatb
erystalligation under jurely thermal effects procesils
ag one proress with single Avrami exponent n decreaging
monotonically from 1.24 to 1.08 with increasing temper-
ature (98-132°C). The crystallization rate constant K
increases by~31 % in the same range. Thls process
corregponds to 29.29 K.Cal/mole for the activati-n

energy of crystallization.
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On bagis of O the valuss of n ghow that at temperatures
above 120°C transformation proceeds through two stages

of primary and secondary crystallization processes. The
former has ny > 2 waile the second has n, =z 1s similar

4o that for the éingle proeesas of log 0" representation,
suggesting that the growth is ristricted %o one direction
only. The rate congta .t K, is higher than Ky indicating
s faster secondary Process. Ths activation energy of the
firgt process ( < 120°C) is 27.5 K.Cal/mole egqual %0
that for the second sfage (126-13200).

T1lumination makes the first process as reflected from
log O representation more decleared. The values of B4
(for 0" and log 0 representstion) are greater than their
corregpondings for the nonilluminated sample revealing

an intensive of nuclei through photo-nucleation.
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INTRODUCTION
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Solides which dg¢ not meet the criterian of a long-ranges
periodically repeated pattern of abtous are known as non-crysi-
glline or anmorphous solids « A distinctive elass of such
solids is glagses which can be obtained by quenching from
the melt. To electrical c-nducticn they may be classified
as metallic, semiconducting, or insulating glasces. Thab is,
upon melting, semisonductors either retain their semiconducting
praoperties (Se, Te, Zn Te, Pb Te) or become mebtallic (Ge, Si,
Al Sb, Ga 8b, In 4As, In Sb) where the metallic character
is similar to that of liguid mercury(l). Melting is
accompanied by abrupbt changes in the mass density, electrical
and thermal copductivities, therwmoelectric power, and magnitic
susceptibilitye. The changes in mass dengity are a few per-
sent and negative (as in Se, Te, and the tellurides) oxr
positive (as in Ge, 8i, and the II-V compounds). In the

first group of materiels, welting is accompanied by the
formation of moleculsr or chain.like structures, while in

the second group a destruction of the covalent bonds in a

structure with the closer packing prevails.
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Seilcondueting glasses in whose ¢ positicn enter
S5, S¢ or Te are known as chalcogenides. It was the
Leningrad school under Kolomietsca) that begins the work
of studying the electrical propertiecs of chalcogenide
glagsses. A property established by this school is that

their electrical conductivisy is leass ssnsitive to impurities

than that for the crystalline forms Thalt is, the familigr
shallow donors and acceptors of crystalline semiconductors

do not seem to exist. 4lso, it has been suggested, thocore-

Yically, that impurities should not affect the electronic
conduetivity of non-crystalline semiconductors(5’4). How~

ever, there are some excepbions of that rulej; e.g. cloments

of group I(9) and oxygen(e) Bay change the conductivity by
a&s much as six orders of magnitude. The responsce of con-—
ductivity to impurities wmay be one major difference between
crystalline and non-crystal .ine semiconductors of gimilar
coupositions, and has the result that the conductivity
incrcases by many orders of wmagnitude upon crystalli.abticn.
It may be the reason why chalcogenides switcheg show a
(7,48)

memory effect Sonme attrmpts have been made teo explain

these switching properties of chalcogenide glasscs on the

basis of thermally irduced structural transformations in

5lasses(9).
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Transformation from non=crysbtalline t¢ erystalline

states is accompanied by remarkable changes in various

10,

phiseo=-chemical properties The determinagtion of the

changes of a certain property may be useful for gualitative

investigation of such phase transformations. Of these are;

(11,12)} (13-15)’

dengity measurcements optical measurcments

electrical(le) and thermal(l7) conductivities, X-ray diffrac-

tion(la_ao), magnetice gusceptibility measurements(al’ga),

electron nicroscope spectroscopy(25-25) as well as ESR
(26)

spectroscopy

The unique potential for changes in the optical and
electrical propertiea resulting from phase transformation
is of greab sgoientific and technclogical interest. Numerous
studies on optical properties are found in the litersatures.

(13)

For example; changes in the optical absorption y refrac-

tive index£l4), and ebsorption edge(15) have been reported.

The electrical properties, in particular dc conduct=
ivity, may also be uged t¢ follow the amorphouseeryatalline
phasc transformations This mgy be malnly due to the big
variation in the conductivity duringz the crystallization
Process, €ege 106 times for pure Se(l6), beside the ease

with which this technique can be followed. It has been
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shown that the de conductivity reproescits an experimenbal
paramneber {0 account for phase transforngtion, particularly

for Se and Se-~like structure materials(27"5o).

The use of conductiviby-structure charactcerization
for a proper description of the volume fraction which has
crystallized depends on the specific regimes of phase
transformation. This, in turny mey validabted by considering

a power or logarithmic conductivity dependence(27).

Chalcogenide glasses are knowp to posses high ability
t0 crystallizes Such crystallization can be, however,

induced eibther through purely thermal or through a combina~
tion of elevated temperature and light effects. The disg~
order = order transformation, achieved by isothermal
annegling, Gakes place through processes of nucleation

and crystal growthgl); gsmall crystallites form and grow
Pranaformation kinetics can be adequately described as for
many polymers by Avrawi equation which relagting the extent

of erystallinity to exposure tine during lsothermal anncalinges

Recently there hag been much interest in the growth of
gpherulites in bulk polymersCEE). These objects are the
pripeipal site of the crystallization in a number of highly
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crystallizable linear polymerse A&ttentiion is directed

mainly tC polyuers thet may bc rcepresented as systoms of
flexible lincar chains which cen in time achieve a high

degree of crystallinity.

Spherulites in bulk polymers grow outward frou a nucle-
ation cenbter that is frequently of a heterogeneous character.
The radial growth of a spherulite 1s commonly the result of
the formation of stacks of bladelike lamellas that grow oubt-

ward from the nuoleation center.

Lauritzen and Hoffman(”’%') have developed in great
detail a theory Ffor the growth of polymeric (chain) materials.
Their theory accounts for the expexrimental cbservetions that
polymeric materisls grow with a lameller woIrphology, having
a lamellar thickness that decreases with deecreasing temper—
ature. The lanellar thickness (of the order of 100 A°) is
much smeller than the molecular length, with the mole;zules

being chain folded within the lamellase

Recently, Grys‘bal(z‘s) has apprlied the Hoffman
Lauritzen(%) theory of polymer crystallization te study
the crystallization of amorphous Se using dynamic densibvy

measurenments
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Seleﬂyi(36) obgserved that light enhances the eryst-

allization of smorphous Se at lower tempceratures Changes

with illumination in the morphology and growth rate of Se
crystals grown from the vapour phase have been observed and
asoribed to thermal effects(57). An increase in the growth
velocity of individual Se crystallites under irradlation by

a neop light at 130°C has alsQ been reported(Es). In %the
worl of Dresper and Stringfellow’>Y), they demonstrated thab
the increase of the crysbtal growth rate by light results
from the production of hole-elecetron pairs in the vitreous

Sc and that the growbth is controlled by the flux of holes
towards the crystal boundary. Moreover, Ovshinsky and KlogtO)
have shown that the number of nuclei can be greatly incoreased
by light (photonucleation), especially in films sensitized by
the incorporation of certain crystals. The nuclel can then
be developed through subsequernt grain growth either thermally

or in combination with ligh%,

The materigl which has been crystallized under light

irradiation can be returned to its initial amorphoug stabte

(10). This thermal

through heating and qQuenching cycle
grasure process can also be accomplished through the use

81y (42,43)

of a laser becam This effect is used te wirte holograms.
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Recently Kim and Turnbull(44) have studicd the thermal-
and photo-induced crystallization of amorphous Se. Thaey
ohserve a faagt thermal erystallizabtion rate irn pure Se and
eonclude that impurities play an important role when photo-

enhanced effects gre observedi

The aim of this thesis is to study the effect of
incident photons on the amorphoug—crystalline transformations
of Se doped with 4.26 % 5 using electrical conductivity

Gechniquee. The continuous recording for the changes of

glcctrical conductivity will be used to find a quantitabive
data on percept orystellizetion conduected at different
isotherms between Tg end T, in absence and persence of
photo-illumination. This is achieved by considering either
of the two clectrical conductivity-content dependence; power
and logarithmic. The obtalned results will be analyzed and
correleted with the present concepts of Avrami equation for

the transformation kinetics of organic polymers.

Central Library - Ain Shams University



