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Abstract:

Different compositions of the system biyGezpSegp-x with 5€x
€40 at .% were produced by quenching from the melts. The D.C.
electrical conductivity seemed thermally activated. The type of
conduction, the value of the electrical conductivity and the activa-
tion energy were dependent on the amount of Bi in the compositions.
The metal-like behaviour could be mainly shown for the most Bi
rich composition especially in the low range of the ambient tempera-
ture. It could be attributed mainly to the excess of Bi with its
semi-metallic behaviour.

Thermally induced changes in the structural properties have
been investigated wusing x-ray diffraction, differential thermal
analysis and scanning electron microscopy.

Introductione

Studies dene so far for malt-quenched chalcagenide glasses have Indicated
that imgerities slightly affect the eloctrical properties of the glass with o fow excep-
tions and that dominanl chorge corricrs In those glasses ote holes, which could
nol be changed even Il the combination of coralituent slements is vatied(1-4),
Owshinaky et ald5), however, have tecently proposed en idea of "chemical modifica~-
tlon”, which clalms that the conductivity could be chagned Independently of the
band gap by the incorporation of a fairly large smount of proper elements, The
epplication of their ides I confined o films prepared, for example, by the cosputter-
e

In recent years, the nature of gop slates of the glasses has been mpde clear,
angd It has been shawn that the ferml energy Iy pinned by "chsiged tangling bonds"
close 1o the midde of the band Qap(6-8). However, n-ype conduction coudd be

hald In & melt quenchod mmG'wSew glass and the importance of the role played
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Fabke (1% Variation of both [T.04°C and T ipla'C with  the smount ol Bi in ihe
compasitians. As-prepared and annealed at 20000 for 1 b, BpECimens,

A -prepared Arwenbeed
x Atk
(T T I'C (T )y (T, s
] 255 340 fak %0
10 430 515 425 450
21 425 545 450 amn
50 45 F55 4ia0 3
4 535 270 260 455

Im table (1), it s gematkable thel o wnigee impresion coudd be concluded
that cither (Takyy of §T ey is  cecressing  or  increasing by  aroealing,  The ey
confirmed conclision s thal new phases can be lprmed and pre-esisted crystalline
phesas may be digssalved as o resuliof ht:.atinn_q.. These rewlils are conficmatlve of
thoae oblamed by XRD and SEM inwcstigation.

Ihe s-tay diffeactograms of wirgin specimens shawn in Tig. (3] indicated the
wemibilily of existence of different crystalline pheses in each  cormpaosilion,  which
gre denobed by special marks. As shawn in Fige {al, the inlensity of crvstallizetion
Incieases wilth x increases up to 20 at.%. Beyond this maximum, fulther entiching
with Bi was ossocieled with manotonic decreass of the inbensity of coyatallization

Fig. (2) shows the s-ray diffractograms of dilfferent specimens of the composition
BigGegghes after heing annealed st 120, 200 and 300°C for 1 hr esch. Cemparing
with that diffeectaogrem shown B Fige [(Ja), 0L could be concluded that the most
distinguished crystalline phases with  Lhe mezimum  relative intensities are identidled
to ke Ge, GeSes, DiSes end BigSey lor ss-prepared and aroealed for 1 he sl 120, 200
and  3FC specimans  respectively. Fig. (6] thows that, the mast possible  inlense
crystallization is corcesponding to the cose of annealing at 200"C,

The morphology of samples eller snnaaling at JOOPC for 1 hr wes examined
using 5LM. The cornresponding phatomieragiapba were as shown in Fige (7). For the
CeEmnposiLion E-i:,GEEﬂEiE'Il_-,. he photomictegraph (Ta) showed Lthe possibility o) cccurance
of Balh crystallization and phase separstion, The crystolliles ase lorge in size and
proupying  mast ol the strecture. The pholomicrogoeph shown in Fig. (3.8) which
brelongs bo the composition Eni-||_-||3|:2ﬁ5|:_-l||-_| irdficaled in  general  discontinuous  sbiucture
caraisting  of  amall ceystallites dizpersed in amgrphous meliise The cryslalliles are
with different lorme predicting of diffecent compousnds, The pholamiceegraph shown
in Fige (7.c) indicated that the surface micrestructure of the composition Eiiﬂnnzﬂs'ﬂﬁﬂ
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is alsa discontinuous, The microcrystallites are concentieted in ceilain sooes of Ehe
whale structure. Howevaer, the crystalliles are ariented in almost the ssme  direclion
and are with telstively large sizes and high Intensities. Completely different structure
could Be shown in the photomicoegraph in Fig. (7.d) which beleags ta & specimen
af the composition BiyGeppSesp. Crystalliles  with  different  shapes and  sizes  sre
dispersed hamogeneowsly @ the amorphous mattic and cccupying most of the structure,
Howewetd, a particular microcrystelline phase seemed more growing and mare dominant,
As shown in the photomicrogeaph in Fige (7.e] which belangs to the most Bi rich
composition (x=40 at.%], lhe crystallization is proncunced. The structure is homagenous
afid Lhe liguid phaze is miner. The bounderies of Lhe crystallites are gistioguiched
and clear. Howewer, the results of XRD and SEM examinztions ere seeming eonficming
of gxistonoe of coystalline phases which are dopondent on Both the Bi content and
arnealing,

The temperature dependence of the e electrical conductivity (o) was as
shown in Fig. (B, In the comsidered range of the amblent temperature and for the
whole campaositions, the sxpoession far o was that of notmal semiconductons where

A ='Pl:| Exp (= E.Fé_u"l-{T:l 11]

The aclivation energy (AEe and the pre-esporential Factor ng were obtained by least
squeres fil Lo experfimental data

The compaosition dependence of the electrical conductivity at different ambient
temperatures (data extescled from Fig. [B) was as shown in Fiew (%) The relation
betwesn log o and w seemed posilive slope linear veritying tha lollpwing crogiticel
FOualion.

oA (2}

The caleuleted volues of AR ~cocresponding to the  semicenduclar  cegions  and
theil dependence on camposition were as shown In Fige (0L AC g increased  slightly up
to =10 nl.%. Then it docressed In almast menolonic maoner with further enriching
with Bi. The valuas of T, (the tempeteture ol tremsition between the two regions
ol roncduction chown in Fig. (3) and @ and thalr variations with the Bi contest were
as recarded in table (2):

Table (2): Varlation of bath T 0C and 6L on™ 1) with composition

w ab.% 5 m 20 n 4
T_,'"C 122 il el 1% 121

-1 .
o i o h 51200 199% 1259 1270 1319
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