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ABSTRACT

Films of Se, Te Bi, . were deposited at room temperature, using thermal
evaporation on the glass and pyrographite substrates. The X-ray diffraction
pattern confirmed that Se, Te, Bi, films have an amorphous nature. Optical
properties of a-Se, Te Bi,  films were characterized by using
spectrophotometric measurements of transmittance and reflectance in the
spectral range (400-2500 nm). Therefractive index dispersion curve shows
an anomalous dispersion in the absorption region and anormal onein the
transmitted region. Analysis of the dependence of absorption coefficient o
in the photon energy reveals allowed indirect transitions with energy gap
~1.72eV. Optical dispersion parameters according to Wemple and Didomenco
model were determined. The temperature dependence of the electrical
resistance shows parallel straight lines, which indicate single activation
energy AE_independent on the film thickness. Study of static and dynamic
current voltage (1-V) characteristics for a-Se, Te B, filmsrevealsamemory
switch. The mean value of switching voltage V  increases withincreasing
the film thickness and decreases with increasing temperature. The value of
switching voltage activation energy & was calculated. The calculated ratio
e/AE_ = 0.54 is nearly to be 0.5, obtained theoretically on the basis of
electrothermal model. Therefore, the switching phenomenonina-Se, Te, Bi,
films can be explained according to a physical model based on the
electrothermal breakdown theory. © 2014 Trade Sciencelnc. - INDIA
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INTRODUCTION

Amorphous chal cogenides have recently gained
considerabl e attention dueto their interesting optical
and technol ogical applications. Thismaterialsdo not
havelong-range order, exhibit semiconductor’s prop-
ertiessuch asenergy band gap, switching phenomenon
and other electrical properties. These propertieswere
discussed according to the presence of localized

states*. Theknowledgeof optical constantsof mate-
riasisgreat interest inthedesign and andysisof mate-
rialsto be used in optoel ectronics. M oreover, optica
measurementsareextensvely used for characterization
of compodtionandqudity of thematerids. Theswitching
phenomenon isoneof thenumerousinteresting effects
arisingin strong electricfield®. Whichisarapid re-
vergbletrangtion between ahighly resstive (OFF state)
and aconductive (ON state). There are two types of
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electrical switching observed in amorphous chal co-
genide, namely threshold and memory switching. In
threshold switching, the ON state persistsonly whilea
current flowsdownto acertain holding voltage, whereas
inmemory switching, the ON stateispermanent until a
suitablereset current pulseisapplied acrossthesample.
Different mechanismshave been proposed to explain
the switching phenomenonin chal cogenide glasses.
Theseinclude electronic™, e ectrotherma ™ and ther-
ma® mechanisms Ingenerd threshold switchingiselec-
tronicinorigin, whilememory switchingistherma ori-
gint. Theformation of highly conducting crystalline
channe sor filamentsisconsidered asapossible cause
of memory switchinginthe cha cogenide glasses®.

In this paper, the optical properties, electrical re-
sistivity and switching phenomenon arereported and
disusedfor aSe, Te Bi films,

EXPERIMENTAL PROCEDURE

Bulk Se, Te Bi, cha cogenide glasseswere pre-
pared from high purity Se, Teand Bi d ementsweighted
accordingtotheir stoichiometricratioand sealed inan
evacuated silicatube (10° Torr). The tubewas heated
inan oscillatory furnace. Thetemperature of thefur-
nacewasraised gradually to 1273 K withtherate 3-4
K min’, thenthistemperature kept constant for 15 hi.
The tube is quenched in an icy water to obtain the
samplesintheglassy state. Thinfilmswere obtained
by thermal evaporation technique. Subsequent deposi-
tion on highly cleaned glassand pyrographite substrates
for optica and switching measurementsrespectivily. The
thickness of filmswas measured during deposition us-
ingathicknessmonitor (Edwards, FTM) and confirmed
after deposition by Tolansky’s interferometric
method*¥.

Thechemicad composition of thestudied filmswas
checked by energy-dispersive X-ray anaysis (EDX)
by ascanning € ectron microscope (Jod 5400). Analy-
sisof EDX spectrum showed that the composition of
filmsarenear Se, Te Bi 1.

X-ray diffraction pattern indicatethat theinvesti-
gated filmshave an amorphous nature. Theamorphous
structure of the deposited films on substrates kept at
room temperatureisexpected. Because of that inthe
deposition process, the evaporated molecul es precipi-

Woateriolsy Science  mmm——

taterandomly onthe surface of the substrateand dl the
following condensed molecul esa so adhererandomly
leading to disordered filmsof increased thickness. The
loss of adequate kinetic energy for the precipitated
mol ecul eskeepsthem unableto orient themsalvesto
producethechan structure, required for thecrystdline
structure. Theinternal stressesgeneratedinthelayers
of thefilm dueto the continuous deposition of the hot
molecules on the cold pre-deposited layersincrease
both the disorder and the degree of randomness, which
yiddsamorphousfilmswhatever their thickness

Theopticd transmittanceand reflectanceof thefilms
were measured at room temperatureusing adua beam
spectrophotometer (UV-3101 PC Shimadzu) in the
wavel ength range400-2500 nm.

Thinfilm sampleswere sandwiched between two
auminuméeectrodesfor dcdectrica measurements. The
electrica resstanceR, wasmeasured directly by adigi-
tal eectrometer (Keithley model E616A). 1-V charac-
teristic curveswerestudied for aSe, Te Bi  filmsof
different thicknessesat room temperature, aswell asat
elevated temperatures. For switching measurements,
films were deposited on to pyrographite substrates,
whichisdifferent from other shapesof graphiteby its
high dengity. Static I-V characteristics were measured
intheusua way using ahighimpedancedigital elec-
trometer (Keithley 616) for potential drop measure-
mentsand adigital multimeter (TE924) for current mea:
surements. Dynamic I-V characteristics were measured
using an ac voltage source supplied from an autotrans-
former. Theobtained |-V curve was seen on the screen
of the cathode ray oscilloscope. For switching mea-
surementsacopper sampleholder wasused for point
contact construction. Thefilm samplewas sandwiched
between two el ectrodes of the cell. Theupper eectrod
was movable and thelower one was made of aplati-
num needle having acircular brassdisk end of diam-
eter 0.2mm.

RESULTSAND DISCUSSION

Optical propertiesof a-Se, Te Bi  films

Transmittance T and refl ectance R spectrum were
measured at norma incidenceinthewavelength range
(400-2500 nm) for a-Se, Te Bi., filmsin the thick-
nessrange (256-688 nm). The spectrd distributions of
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T and RwereshowninFigure1(a, b). Onecould noted
that at larger wavelength (A > 1110 nm) filmsbecomes
trangparent where no light isobsorped (k = 0) and the
region at shorter wavelength (A <1110 nm)i.e. (R+T
< 1) isknown as absorbing region. To obtained the
optical constants(refractiveindex n and absorptionin-
dex k) for the studied films, Murmanng*exact equa-
tionshave been applied in conjunction with the specia
iterative computer program. Thismethod requiresap-
proximate values of nand k. The approximatevalues
of n, and k, were obtained using the Swanepoel
method!*Z. |t iseasy to solve Murmann's exact equa-
tionssmultaneoudy usingtheexperimenta valuesof T
and R to obtain theaccurate values of nand k.

Vauesof refractiveindex n and absorptionindex k
were computed for aSe, Te Bi  filmswith different
thicknessesinthestudied range. Thevariationof nand
k withfilm thicknessliewithinthe experimenta error
+3% for n and £5% for k. Accordingly both n and k
are thickness independent. Figure 2 (a, b) show the
spectral distributionof nandk for aSe, Te Bi, . films
in the wavelength range (400 - 2500 nm). It isclear
that both n and k decreasewithincreasing A except a
peak wasobserved in n spectrum at A =600 nm, indi-
cating an anomalousdispersonin (A <660 nm) aswell
asanormal dispersonin (A >660nm).

Deter mination of high frequency dielectric con-
stant and dispersion energy parameters for a-
Se, Te Bi, films

Thehighfrequency did ectric constant wasobtained
by analyzing therefractiveindex dataviatwo proce-
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Figure2: Spectral dependenceof refractiveindex n (a) and absor ption index k (b) of a-Se, Te, Bi
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Figurel: Spectral behavior of thetransmittance T(A) (a) and
thereflectance R(A)(b) of a-Se, Te Bi . films

dures®. Inthefirst procedurethedigectric constant is
partidly duetothefreecarriersandthelatticevibration
modes of the dispersion asrepresented by thefollow-
ing relation4,
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dielectric constant) according to first procedure, N is
thefreechargecarrier concentration, ¢ isthe permit-
tivity of free space (8.854 x 1022 F/m), m* isthe ef-
fectivemass of thecharge carrier and cisthevelocity

of light. Figure 3 represented the plotted of (g, =)

asafunction of A% for a- Se, Te, Bi . films. A linear
relation wasobtained at |onger wavel ength. Both val-

uesof €.-¢1y and N/m* were calculatedfrom Figure 3

and givenin TABLE 1. The second procedureisbased
upon thedispersion arising from the bound carriersin

an empty lattice, €2y can be calculated using the

following equation®

-
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wheren istherefractiveindex at infinitewavelength
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Figure3: Plotsof n?vs.A*for a-Se, Te Bi . films. theinset
figure represents the plot of (n?-1)* against A2for a-
Se, Te Bi  films.
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TABLE 1 : Parameters obtained from the analysis of

refractiveindex n datafor a- Se, Te Bi. films,
Parameter Value
SDD |f3\l 75
Ao, (NM) 316
S, (M?) 6.57x10"
E,, (eV) 2.02
Eq4 (V) 11.38
EJ/So, (6V mP) 3.12x10™
N/m*, (kg™ 'm®) 10.2x10%®
f, (eV)? 23.33

Wotoioly Science  mm—

and 4 ,averageinter-band oscillator wavelength. Plot-
ting of (M>-1)* against A~ asshownintheinset Figure

3, values of £..¢2y and A can be calculated and
tabuled in TABLE 1. From the above results the ob-

tainedvauese (1) and €.z agreewith each other,

which may be due to that the lattice vibrations and

bounded carriersin an empty latticearein thetrans-

parent region*>1¢l, Equation (2) can dso bewritten as'™:
5o 3

m?-1) = (=52 ®

1-22 /33
Where S, =(nZ — 1)/AZ is the average oscillator
strength. Vaueof S isillustratedin TABLE 1.
Theenergy dependenceof refractiveindex nfor a
Se, Te Bi . filmscan befitted by usingthesingleos-
cillator model inthe normal dispersionregion devel-
oped by Wempleand Didomenico (WDD) model 2819
EyE,4
E3 — (hv)? 4

Where E_ thesingle-oscillator energy and E the so-
called dispers on energy. Both energieswere obtained
by plotting (m*-1)* vs. (hv)*for & Se, Te Bi  filmsas
showninFigure4.Vauesof E , E ,andE /S werecal-
culatedand givenin TABLE 1. Thisvdueof E /S is
approximately inthe same order asobtained by WDD
model"#9( E /S = 6.0+£0.5x 10 eV.m?) for anum-
ber of materids. Thereisanimportant parameter caled
the oscillator strength (f) isreported in?*2Ysuch that f=
E, E, (eV)> For studiedfilms, vaueof (f) wasgivenin
TABLE 1.

Theoptica propertiesof aSe, Te Bi. filmscould
bedescribed through thediélectricfunctionex=¢ +ig,,

0.3
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Figure4: Plotsof (n*-1)"vs. (hv)*for a-Se, Te Bi  films
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wheree and ¢ arereal andimaginary partsof complex
dielectric constant respectively. ¢ and ¢, were deter-
mined by thefollowing relation’®d g =n-k? and e =2nk.
Variation of ¢ and ¢, with photon energy was repre-
sentedinFigure5. Itisclear that valuesof ¢ arehigher
thanthat of ¢ and both of them have asame behavior
at low photon energy, except apeak was appeared in
&, Spectrum at photon energy= 1.88 €V.
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Figure5: Plot of ¢ and g vs. (hv) for a-Se, Te Bi_ . films.
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Energy gap determination

The absorption coefficient o was calculated from
thewell-known equation, o= 4rk/A for aSe, Te Bi .
films. Hencethe spectra of o canbedividedintotwo
region. Thefirst regionfor lower vauesof o < 10*cn?,
wheretheabsorption usudly followsthe Urbach’s rule!®
according tothefollowing equation:

hv

a(v)=a, xpT ®

Wherea, is aconstant and E_ isthe Urbach’s energy
whichisinterpreted asthewidth of thetailsof localized
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Figure6: Dependenceof (ahv)¥?and (ahv)? of photon ener gy
(hv) for a-Se, Te Bi . films, theinset figurerepresentsthe
plot of In (&) vs. (hv) for a-Se, Te Bi, films.
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statesin the band gap. To determinethevauesof o
and E,, Ina wasplotted asafunction of hv asshownin
theinset Figure 6. The second region for o >10*cm™,
the optical absorption edge was anayzed by thefol-
lowing relation;

ohv =A(hv-Egy,) (6)
where A isaconstant, E;7,, isthe optical energy gap
andr isthe power which characterizesthetransition
process, hasthe value 1/2 or 2 for direct or indirect
dlowedtranstionsrespectively. To determinethevaue
of E2¥;, and thetypeof transitions, (ahv)Y?and (ahv)?
wereplotted versushv asshowninFigure6. Thelin-
earity of (ahv)Y?=f (hv) indicating theexistence of indi-
rect allowed transitions. Vaues of o, E,A and Ef;,
weregiveninTABLE 2.

Theobtained valueof E27* can be confirmed by
plotting hv \/£; vs. hv near the absorption edge as
showninFigure 7, according to therel ation®
hev’, = (hv- E? (2))2 )

Theobtained linearity indicatesindirect optica tran-
sitiong®!, Theextrapolations of thislinear part yield

EJ¥;, fora Se, Te,Bi . films Theobtained vaue of

TABLE 2 : Parameters obtained from the analysis of

absorptionindex k datafor a- Se, Te Bi  films.
Par ameter Value
docm’ 0.049
Ee. (&) 0.221
A,cmtev?t 4.4x10°
opt
Eg 0. (eV) 173
t
E 2y (eV) 171
8
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Figure7: Dependenceof hv (g)"> on the photon ener gy (hv)
for a-Se, Te Bi  films.
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good agreement with that obtained by plotting (athv)Y2
vs. hv for indirect allowed transitions. The obtained

average value of EP* (1.72 eV) for studied a-
Se, Te Bi. . filmscan be compared with that obtained
before for Se,Te (1.09 eV)* and for
Se, Te, Bi (1.32eV). Itisclear that the addition of
Bi Asathird element of Se, Te . filmsincreasesthe
energy gap and theincrease of Bi % leadsto further
increasing in energy gap. Theobserved change of en-
ergy gap can be understood according to modify the
structure, electrical and optical properties of Se-Te
glasseswiththeaddition of Bi asthird e ement. In par-
ticular, introduction of Bi leadsto enhance thedisorder
inthe system and henceleadsto deeper penetration of
thelocalized statesinto energy gap'??9. In the same
timethereisan increasein the density of bonds be-
tween Se (thehost dement) and the addition of Bi metd

stronger than other Se-Se bondst*!
Electrical resistivity for a-Se, Te Bi  films

Thetemperaturedependence of aSe, Te, Bi . film
resistancewas studied in thetemperature range 303
393 K below T, and thickness range 219 — 445 nm.
Figure8 showstheplot of film ressance R vs. tempera:
ture. It can be seen that the resistance decreases asthe
temperatureincreases showing normal cha cogenidebe-
havior of exponentia decreaseof R with temperatures.
Thetemperature dependence of thedc electrical con-

fromFigure7wasgivenin TABLE 2, whichisin

. 1t )
ductivity o, == — (whereathecross—section area and t
Ean

thefilmthickness) wasgiven by thefollowing relation

7.00E+07

@445 nm
0299 nm
& A380nm

6.00E+07 |- ¢

5.00E+07 |

X219nm

4.00E+07

¢

® 3.00+07
2.00E+07

1.00E+07 |

0.00E+00

290 310 330 350 370 390
T, K
Figure 8 : Variation of the film resistance R vs. T for a-

Se, Te Bi, . filmsat different thicknesses.
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o =0c,exp(5—%) 8
B

which can berewritten as

R=R, exp(%) ©

wherec, isthepre-exponentid factor, k, theBoltzmann
congtant and AE ,, theconductionactivetionenergy. AE,,
was determined by plotting In(R) against 1000/T as
showninFigure9. Theobtained pardle straight lines
indicatethat theconductionina-Se, Te Bi  filmisther-
mally activated processwith single activation energy

AE_=0.192 + 0.004 eV independent of film thick-

nessinthestudied range. Theobtained valueof AE,, is
inagood agreement with that obtained before® from
AC measurments. Itisclear asothat theresistanceR
decreaseswithincreasing filmthicknessthismay bedue
to the decrease of the density of |attice defects devel -
oped through film deposition, thustheresistivity isde-
creasewithincreasing film thickness®Y,

Switching propertiesof a- Se, Te Bi_ . films
Dynamicand static |-V characteristics

Both dynamic and static |-V characteristic curves
foraSe, Te,Bi. . filmsdeposited on cleaned and highly
polished pyrographite substrateswere shownin Figure
10 (ab) of filmthicknesses 299 and 445 nm respectively
asan example. Itisobserved that by increasing the ap-
pliedvoltageavery smdl currentisobtained forming the
first branch (0a) of thel-V curve, The branch (oa) rep-
resentsthe OFF state (with high resistance Sate) of the
switch, which can bedividedinto 3 subregionso-f, f-g,
g-aasshownininset Figure10 (b). Thefirstregionis
linear (ohmic conduction), thesecondisexponentid fol-

18.5
18

17.5 Mﬂ
il M

165 |

16
1551 ® 445 nm
15 X 299 nm

145 | © 380 nm
4219 nm
14 .

InR, (R, ©2)
@
[}
k)

24 2.6 2.8 3 3.2 34
1000/T (K™)

Figure9: Plotsof In (R) against 1000/T for a- Se, Te Bi,,
filmswith differ ent thicknesses.
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Figure10: (a) Dynamic |-V characteristicsof a- Se, Te Bi  filmsof thickness299 nm (I) ON-state; (11) OFF-state. (b)
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Saticl-V characteristicsof a-Se, Te Bi. . film of thickness445nm, theinset figurerepresent the OFF- state of the static

15 15
|-V characteristic curve of film thickness445 nm.

lowing the Pool-Frenkel relation{1=1_exp (V/V )*)}
andthethird verifyingtheformula{1=1_exp(V/V ))}*

At thepoint(a) asuddenincreaseinthe current and
dropinvoltageto the point (b), i.e. switching occurs,
through theload lineab (negativeres ganceregion). This
critica vaueof thegpplied voltageiscaled theswitching
voltageV . Switching processtakesplaceinavery short
time(~10°9). Soitisimpossibleto record any reading
during thistime (the part ab of the curve). A morein-
creaseintheapplied voltageincreasesthe current with-
out any sgnificantincreaseinthepotentid drop (part be).
This(bc) part of the curveiscaledthe ON state (with
low resi stance) or the hol ding branch. At point ¢, further
decreaseintheapplied voltage causeadecreasein the
current until finally both become zero (part co of the
curve). Theobtained curveisatypica 1-V characteristic
foramemory switch, Smilar tothat of many cha cogenide
glasses?#33, In memory devicestheinvestigated films
sudanther high conduction sate (ON Sate) after switch-

ing. Thedructurd changeaccruesinmicrocrystdlinegtate
after switch ON. Thiscrystallization processesmay be
caused by Joule- heating dueto high filed and excess
carrier concentration. A memory switchingexhibitedin
aSe, Te Bi  filmswasin contrast tothreshold switch-
ing glasscompositionswhich haveagtablestructureand
doesnot exhibit areversiblechangebetween amorphous

and crystdline phases

Thickness dependence of the mean value of
switchingvoltageV,,

Room temperature |-V curves of a-Se_ Te Bi..
filmswerestudied of different thicknessesintherange
(219-445 nm). The obtained results were shown in
Figure11. Itisobservedthat V  increaseswithincreas-
ing filmthickness. Thethicknessdependenceof V,, can
be explained by theincreasing of film conductance or
decreaseof filmres sance. Thedependenceof themean
vaueof theswitchingvoltageV, measured a different
temperatureonthefilmthicknesswasillustrated inthe

——, Pty Science
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inset Figure 11. Itisclear fromthisfigurethat Vv, in-
creading linearly with filmthicknesswiththemeanvaue
of thethreshold field E, = 4.5x 107 V/m.

Temper ature dependence of the mean value of
switchingvoltageV,,

Theobtained |-V curves were illustrated in Figure
12 for aSe, Te Bi,. film of thickness 445 nm asa
representative exampl eat different temperatureinthe
range (303—393 K). It is clear that the obtained I-V
curvesat elevated temperaturesarea sotypica for the
memory switching phenomenon. Vauesof V,, decrease
exponentially with increasing temperatureasshownin
inset Figure12. Thismay beduetothat, if thetempera:
tureincreases, thethermd energy requiredfor thetrans-
formation of the channel materid (filament) fromthe

50
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Figure1l: Room temperaturel-V characteristic curvesof
a-Se, Te Bi  filmsof different thicknesses Theinset figure
showsthethicknessdependence of mean value of threshold

voltageV , of a-Se, Te Bi. filmsat different temperatures.
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Figure12: Saticl-V characteristiccurvesof a-Se, Te Bi

films of thickness (445 nm) at different temperatures, the
inset figur er epresentsthetemper atur edependence of mean

valueof V  of a-Se, Te Bi. filmat different thicknesses.

amorphousto crystdlinestatewill belower. Therefore,
the magnitude of the switching voltageV decreases
withtheincrease of thetemperature.

Most of amorphous materiascontain dipolesdis-
persed randomly throughout theamorphous matrix. As
thedectricfiddisapplied, thesedipolestendto orient
inthedirection of thefield. The orientation process
depends on the viscosity of theamorphous matrix as
well asthe applied fiel d®4. Asthe temperature of the
conduction path increasesitsviscosty decreases, which
leadsto an increasein the orientation processesup to
switching point. At thispoint, theresultant force of re-
sistancefor dipoleorientation in viscous amorphous
medium diminishes Thus, switching processtakesplace.

Aplotof InV, versus 1000/T for aSe, Te Bi,,
with different thicknesseswasillustrated in Figure 13.
Theobtainedreationyield straight linessatisfying the
followingrelation’:;

V, =V, exp(&} (10)

whereV jisconstant and ¢ istheswitching voltage ac-
tivation energy. Theobtained straight linesin Figure 13
areparald indicating that the switching voltage activa
tion energy hasasingleva ueindependent of filmthick-
ness. Theca culated valuesof € and e/AE_weregiven
inTABLE 3. Itisfoundthat theratio e/AE_~ 0.5 agrees
with that obtained theoreticaly on thebasi sof thed ec-
trotherma mode for theswitching process®! and those
obtained before for other semiconducting composi-
tiong?":31.33 3738 Then we can conclude that the ob-
served memory switching type can beinterpreted on

4

®445nm
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A360nm
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X219 nm
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Figure13: Plotsof InV  vs. 1000/T for a-Se, Te Bi, films
of different thicknesses
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thebasisof e ectrotherma breakdown process®!. Val-
uesof theswitching resistance R wereobtained from
thevaluesof V,, and | . Thetemperature dependence
of R, for aSe, Te Bi  filmsyield straight lines as
shown inFigure 14 obeying thefoll owing equation“':

AE
R, =R exp(—= n
n=RoEPEED w

whereR isaconstant and AE,, istheswitchingresis-
tance activation energy The value of AE_, wasde-
duced usingleast-squarefittingand givenin TABLE 3.
Itisclear that AE_ haveavaueinthesameorder with
that of AE_ande.

The switching process can be understoodinterms

TABLE 3 : Values of the switching parameters for a-
Se, Te Bi  films.

15715

Par ameter value
g, (eV) 0.105+.009 eV
(e / AEy) 0.54
AER, (eV) 0.204+.01 eV
10
95 |
9 ® 445 nm

4360 nm
€299 nm
X 219 nm

85 |
g |
75 |
7 |
6.5 |
6
55 |
5

IRy, (R, )

2.4 2.6 2.8 3 3.2 3.4
1000/T, (K1)
Figurel14: Plot of IR vs. 1000/T for a-Se, Te Bi, films
of different thicknesses
TABLE 4 : Valuesof AT

breakdown

and T _for a- Se, Te Bi

15715

films.
AT by eakdown, (K) T, (K)
55.4 358.4
50.1 372.1
62.9 385.9
66.9 399.9
71.0 414.0
75.2 428.2
79.5 442.5
83.9 456.9
88.5 471.5
93.2 486.2

—== Pyl Paper

of electrothermal process based on Joule heating ef-
fect. Sincethe conduction processin amorphous semi-
conductor materiasisof thethermally activated type,
the sample conductivity o wasincreased on heating.
Thisdlowstheflow of higher current through theheeted
region aswell asmore Joule heating resultinginafur-
ther increasein the current dengity. Ultimately thetem-
peraturerisewill becomeadequatetoinitiateathermal
breakdown owing to the strong temperature depen-
denceof . A stationary state was reached when the
heat | ost by the conduction from the current filament
becomes equa to the Joule heat generated in the heated
region. Theelectrotherma model can besolvedtoa
certain extent by finding astationary state solutionfor
the heat transport equationis

dT 2
C(g)=© E; + V.(wan)

where Cistheheat capacity of thesample, VW isthe
thermal conductivity coefficient of thesamplesandcis
theelectrical conductivity given by equation 8. The
charge conservation equation i g+
_ AP oy

o di
where o isthe charge density.
Inthe case of steady state breakdown, thetime

(12)

(13)

dr
derivativeof temperature ~ can beneglectedinthe

solution of equation 12. Therefore equation 12 can be
rewritten asfollows®
8¥(AT/d?) + o, E2 =0 (14)
Then, theheat conduction equation for asmall dif-
ference between the temperature of the middle of the
specimenT _andthat of thesurface T
AT, tonn=Ta" T, (15)
The steady state breakdown occurs when the
amount of heat generated by Joule heatingin the speci-
men cannot be removed by thermal conduction. The
temperature differencefor breakdown obtained with
thehelp of equations8 and 14 isgiven by

ATbreakdown= TEEkB/&Eu' (16)
Values of AT, ... were cdculated for film
samples at different temperatures. Finally, from the

above results. It can be conclude that the studied
memory switchingina-Se, Te Bi, filmscanbeex-
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Full Poper =
plained according to the el ectrotherma mode.

CONCLUSIONS

Films of amorphous Se, Te, Bi . weregrown by
thermal evaporation technique. Theoptica congtantsn
andk of a Se, Te Bi, filmswerefound to beinde-
pendent of thicknessintherange(256— 688 nm ). The

vauesof theoptical band gap E57* and Urbach’s en-
ergy E, werecalculated using the optical method. The
typeof optical transition respons blefor optica absorp-
tionisdlowedindirect trandtions. Theoscillator srength,
oscillator energy and static diel ectric constant werecal -
culated by theandyzesof therefractiveindex datausing
Wempleand Didomenico modd . Vauesof red part of
thedielectric constant £ werefound higher thanimagi-
nary part €. Thetemperature dependence of thefilm
resistanceindicated that the el ectrica conduction acti-
vaionenergy AE_hasasinglevauefor al thicknesses
indicating the presence of one conduction mechanism
through the studied range of temperature. Dynamic and
static (I-V) characteristics of aSe, Te Bi, . films
showed atypica memory switching phenomenon. The
mean valueof the switching voltageincreaseslinearly
withincreasing film thicknessand decreases exponen-
tidly withincreasingtemperature. Thedataobtained for
switching characteristicswere satisfactorily interpreted
by the e ectrotherma modd of the breakdown process.
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