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LABSTHRACT

The electrical conduetivity 6 therual conductivit: ef
aud density d have been determined as characteristic para-
mccers of amorphous -~ crystalline transition process for
clyht glassy semiconducting samples of general formla
Se,-Tey . (12 x 20.714), The samples were synthesised |
at 700°C 4+ 20°C for 6 hours in silica tube under vacuum 10
LeunlHge The samples were quenched at roon temperature to
¢uvaln them in the glassy state. The mcasurencots of ob el
were carriedout in specially designed construction. The
wadn obbained results can be summarized in the following :-—-

1- In the amorphous, the c¢lecirical conductivity ]
(log 05600) increases from —lB.#.SiJ" 1'to --9.2_:2'."1.0111'"l
- linercesing Te concentration from l.9%% to 28.6%. The
vation encrgy (E_) decreases from 2.2 .V bto a cerbain

(%3

W CIl

T .
G

Pt
minimun (1.2 €.V) at 10 % Te wnd incrcusses again to reach
2«2 €.V when Te concentration bocowes 28.6 %, The therual

- - -
conductivity (©X) decreases from 2 ¥ 107° to 7 % 10 2
cal/cmesec.°C by increasing Te content to 10 %.

2- In the crystalline state the electricsl conduct—
ivity (log oﬂaic) decreases fron —5.6_ﬁﬁl.omfl b0 wdnimun
value (~9 SL".cm ~) at 2.44% Tc zud increases again to Tesol
5 $Ctoent when Te content lLecomes 28.6%. The activaticr
energy (Eg) increases from 0.45 ¢.V to meximum value (1.1 <.V
4% Te and decreases again to reach C.% €.V when Te coniory
~each upto 28.6 %. The thermal conductivity (OXK) decreusses
from 4 x 1072 to 1.4 x 1072 cal/cmesec.°C by increusing Te
wo 10 %,

~
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5= The crystallization Process, was followsd by
following the chénge of the clectrical conduetivity, biwem ol
conductivity and density. The kinetie study of the erysta-—
ilization process was carriedout on the bases of Avrami
¢quation & = exp (~k tn)and the obtained results are.

The constant n has fractional values beblweern L and z
ind decreases by increasing the temperature of crystallizatio. .
v+8s The value of n decreases from 1.25 %o 1.1 by incress:i:
the temperature from 80°C to 110°C for.; TGSGJ.E.B’ the nmean
value of the rate of erystallization it incrsascs by inercasing
he crystallization temperaturs ¢.g. X increases from
247 % 107° g0 1.72 x 1070 for TeSe,, 5 by increasing T from
50°C to 110°C. The values of K which obbained from of et
arnd d are ‘Ecr” k;‘_ and gd were slightly differcnt for the
tiven sample at the same temperature. s.g. abt 80°C ].-:'OJ_ k£
ad Ky are 1466 x 1070, 6,17 x 1070 and 17.2 ¥ 100 respectivel.
Lop l"eSelE_5. The activation cnergy of crystallization procei.
(L) was calculated using the results of o7 eX aud d, for the
samples of Se-~Te system. For EVEXy Saiple Eo” Ly andg Ed vere
slightly different. 2.8+ for TGSG]_?_.S Eo_z 55.7, Eo<= 5C T
and Ed = 5174 K.cal/molc.
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LNTRCDUCTION

T e e v

The study of the physical Froperties of amorphous
waterials is of considerable technological iuportance,
The application of such materials widly used in industry
5 exawmples : The aworphous wmaterials is used as insuls-
ters, probably because thetransport of charge through the.

occurs lessreadily then in crystalline waterials.

Ihe photoconducting thin fila of anorphous semi-
conductors is widly used.e.g. ths thin film of anorphous
selenium or its alloys it used in the Xerography, which
1s of coauwercial importance application. also, Sbgsg is
used as a photo-conducting thin fila in television pickup

tubes.

IThe glass is the amorphous wmaterial which with
longest history of use. In the electronic industry it has
largely been eaployed as a container aaterial, this due

o its good electrical isolation and high transparency.

Recently the glasses was used to produce the "delsy
line" required for colour television with low cost,
(delay line is a device for storing the video signal for
a line scan interval). The glasses used also, in the
channel plate anplifier (the active el:went in this vacuua

device 1s a disc made up of glass tubes).
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In recent years the'phenomena of switeching and

(L)

thershold properties is noticed In aworphous sesi-
conductors. The explanetion of switiching phenomens may

ve siaply pictured by the fact tnat when amorphous sepi-
conductor is saeputtered film (s 1 um thick) of a glabe
chalcogenide alloy, with rooa teaperaturs conductivity
1070 » 4 lO_8 _n:l.cmml, and then placed between twc
carbon or uaetal electrodes of asboubt 5 x 10'"6 c:Ln'2 Crogcs.-
sectional area. When the voltage drop excesds a thershold
voltage switching occurs very rupidly within switching

tizne to the ol state(2’5’4)a

The voltage drop of the oil state depends on the tyre
ol the electrodes (e.g. 1 Volt for uo, and 1,5 for carior
¢lectrodes ) and independent on thickness. The oN state
provided trne current exceeds winiaum, or holding current
(lh), the device remains conducting with a dynamic resist
Zowever, if the current falls below (Ih), the thresheld

switch returns to its original high resistance (QFF state).

For the memory switch an aworphous semiconductor isg
used whose structure can be changed reversibly between two
structural states, the amorphous state which bhas . hign

resistance,; and uicrocrystalline stats has low resistance.
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(Evge the memory wabterials are cowmpositions 1lke
s o T h ~ ¥ I T™ 3.0
legy Gegy %, where X represents Group T or JI elssents
of the periodie table } i.e. the wmemory action in these
devices is based on the reversible crystallizabion and

revitrefication of the materiasl in the currant filementqﬁ).

The glass or vitreous state, is belived to be th.®
of a solid with wolecular disordsr of liguid frozen in
structure, or those awmorphous that have been forued by
cooling a liquid. 8uch condsnsed asterials can be
classified according to the type of bonding responsible
for their coherence, every class contains some weabers

that can bg put into the amorphous soclid form(é).

The cheaical bonding can be covalent, ionic,
wetallic,; Van der ¥alls, hydrogen bonding or combiiation
of these. wo0st glasses fall into the predouinacsly

cavalent category.

Glass or aamorphous solids can be, metallic, seui-
conducters or insulators. Sowe of semiconducting glasses
Are oxides containing basically Vandium snd phospshorous
oxide, but most of them called chalcogenide glasses in
whose couposition enter sulpher; seleniuw and telluri...
“he bonding of chalcogenide is covalent with a swallsr

ionic conbtribution.
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liowever, an luportant property sstablished by the
intense work on the chalcogenide glasses which dirfer—
ciotiates thew sharply frouw crystalline material or
sialler cowmpositions, is that their conductivity depends
litvtle on purlity or stoichiocmetry, for them the fauili.r
shallow donors and acceptors of crystalline seuiconducto r s
does not sesn to exist(7). This preperty has the result
that vhe conductivity increascs by wany order of asgnitude
when they crystallize, which is certainly the reason EfoN

G
chalcogenide glass switches show a memory effect<8’)’,

The structure of the glass adjusts itself so that
ezeh atow is surrounded by a nuwber of nearst nelghbours
such that all its outer eleectrons are tuken in bonds.

Ine slectrical conductivity (o) of wost of the chalco-
genide glass:s appears to be priuasrily intrinsic in its
teaperature dependence even for alloys of varying valence
over wide rangems of compositions. In an intrinsic semi-
conductor, the current is carried by excited elcctronsg.

By inirinsic it is weant that, the position of the Ferwi
ievel EF is controlled by densities of states in the
conduction and valence bands. In such a situstion, the
¥eral level woves, linsarly with temperature in such a way

as to keep the total concentrabion of cxcited ¢lamsrons
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33uel that of holes. This means that the mobLility of
slectrons with ensergies near the Fermil energy EF 18 zero
~r negligibly small, or in which the number of states

%(E) is zero there¢i0),

Therefore, in an intrinsic semiconductor having no
impurity level in the forbidden energy gey, whose width
T Eg' the electrical conductivity which is Thermelly

sctivated will appear to obey an sequation of the form

o = o;’ 8xp. (= Eg/g kT)

which holds over a wide range of temperature (T) for many

chaicogenide lassy systam(ll). The activntion energy

{Eg) is mainly related to the binding encrgy between

siags constituting etoms. The addition of zesvier elements
%0 the glassy compound often decrease the activetion energy
g(l?), Also, the repid
(15)5

jquenching tends to increzse Eg et low bLenpurature:

(£,) and lighter elements increase E
g

A technique which can be used togother with & d.c.
conductivity mecsurement to elicit informotion about the
conduchtion mcchanism is thet of measuring the thermoslectric
power. The investigetion of the thermoc.cetric power (S} end
:ts dependcnce on the temperature of the molcricls ol monopol
conductivity gives useful information sbout the potential

cnergy of tho cerricrs teking part in the trensfer, in
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other words, about the percolstion level. In a theruo-
electric poser experiment, one weasures the e.a.f. that

1s developed across a material when thermal gradient is
2zalntained across the gauple. Thus, the theramoelzchbronic
poser (s) associated with a charge "g" way simply repre-
sented by an equation of ths for@ S = ~ (%? (Es/kf)

rhere ES is the energy which characterized the thermsl
generation of the carriers, and K is boltrmann constant,
‘nat 1s independently of the cerrisrs scabberinzg aschanism
and the type of the conductivity (hopping or over-bend),
taoe slope of curve 8 = £ (1/T7) define the energy of the
carriers participating in transfer. Tnerefore, the slope
¢ the curve 'cn o= f (1/2) which represent the activat . on

criergy B being the sum of the energy associated with the

&
production of an equilibrius nuaber of carriers (ES) and
the activation energy associated with the intrinsic hopping

of phonons 7

’ e C . . -
Thop® The wvalus ES is egssentially indpenant of

teuperature and, thus the therawoeclectric power has found

to vary lincarly with reciprocal of teuperdﬁure(14’l5).

However, measureaments of thermoelectric power for
soae chalcognide glasses have shown them to be positive
indicating hole conduction, while Hall coefficicnt uc.sure—

aents on the same saaples show negabive values iuplying
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that the conduction is electrons(lb’lf’lé>. Then such +ve

sign for thermoelectric powsr and -ve slgn for Hall effect:
of these glasses was interpretcd interus of the foraula
appropriate for crystalline scaiconductors, it yi-lds an
unreasonably high value for czrrisr concentration or

clternatively a low value for the Hall mobility(lg).

an laportunt coefficient which considered for elicit
thie picture of trasport phenowena in aiorphous and
crystalline seamiconducting weterials is the coerficient
of thermal conductivity (¢%), which is related to tne

phenon mean free psth by the equobion

shere
g=c¢n n is the conceatration of wolecules
¢ 1s the hoat cCapacity
~ i1s the phenon velocity which is nesrly

the sound velocity,

The deteraination of therwmal conductivity coefficiert and
the analysis of the obtained results zlve additional
inforastion about the energy spectrua of electronic liquid
Nith small values of dd, as well .8 the nechanisa of heat

transfere in the semiconductors.
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