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ABSTRACT

This study was carried out by the preparing PbS thin films and studying the effect of annealing temperatures on
electrical properties. The PbSthin films have been prepared by thermal evaporation in avacuum of (105-10°) Torr
with thickness 500°A at room temperature and annealed at different annealing temperatures of (200, 300, 400, and
500) °C for 30 min. From the el ectrical measurement show that the (I-V) characteristic behavior linear and best with
increase in temperature. For importance of the effect of temperature on the electrical properties, the theoretical
model was estimated by using (table curve 2D) program. An estimated theoretical equation was power equation.
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INTRODUCTION

Thinfilmsareextensvey usedinwafer fabrication,
and they can beares stor, aconductor, aninsul ator, or
evenasemiconductor. Thinfilmsbehavedifferently from
bulk materid sof samechemica compositionin severa
ways. For instance, thin films are sensitiveto surface
propertieswhilebulk materidsgenerdly aren’t®. Inone
wal or another most physica propertiesof films (opti-
cal, chemical, magnetic, electrical, etc.) are of impor-
tancein an ever widening sphereof industrid, scientific
and technica gpplication?. Lead chal cogenide, acom-
pound of lead with elementsof group V1 (sulfur, sele-
nium and tellurium) belongsto aclass of semiconduct-
ing compoundsdescribed by the genera formulaA'VBY'!
(241, |_ead chal cogenideshave many specia character-
isticsin comparisonwith other semiconductors:

1- Theband gapsaresmaller at lower temperatures,

i.e. thetemperature coefficients of Egare positive

whilethey are negativein all other elementalsor

compounds®.

2- Thelatticestructure may bevery unstoichiometric.
Thevacanciesand interstitialscontrol the conduc-
tivity type, an excess of Pb causes n — type con-
ductivity and excessof chal cogenide causes p-type
conductivity™.,

3- Theband gap of PbSissmaller than the band gap
of PbTe, although commonly the band gapinthe
meta chal cogenide semiconductorsdiminishesas
the chal cogenideincreases®.

4- Largecarrier mobilitiesmay beuniqueamong po-
lar compounds and make these semiconductorsa
very interesting branch of basic physical researchi.

5- Lead chalcogenidesare ones of the best thermo-
el ectric materia sfor working temperature range of
500 —900K ™,

Some researchers studied different properties of
PbS photodetector such as; Gelmont et a'® have ob-
tained the absorption spectrum near and abovethefun-
damenta edge of PoTefilmson BaF, substrateat 313


mailto:drmahasinf@gmail.com

80 An analysis study for the effect of annealing temperatures on (1-V)

MSAIJ, 10(2) 2014

Full Poper ===

K between 2 and 8um. The thickness of film was
(0.61pum) from parallel measurements of transmission
and reflection. They found that thedirect energy gap at
Lis0.321eV.

Sdoniemit™ hasstudied thephysical, chemica and
electrical properties of PbS thin films prepared by
€lectro-deposition method. After anneding; theconduc-
tivity of filmswill bep-type, and theannedling at 373K
does not much affect on theresistivity of PbSwhich
remained between 0.5—10 Q cm.

Khairnar et d.[¥ have prepared PoTethinfilmswith
thicknessranging from (1000-2500)°A by evapora-
tion technique onto glass substrates at varioustempera-
tures. They found the activation energiesof filmsare
evaluated as (0.099, 0.109, 0.102) eV for substrates
temperatures (323, 373, 423) K, respectively.

Thisresearch considersstudying PoSthinfilm be-
causeitisoneof theimportant lead chal cogenidecom-
pounds, and hasmany practica gpplicationsinthefidds
of detectors, semiconductors’ laser and diodes. There-
forethegoal of thisresearchisto prepare of PbSthin
filmsby using thermal evaporation method, and study
theeffect of anneding temperatureson e ectricd prop-
ertiesof films. Al so, estimate theoretica modd for this
effect.

THEORETICAL PART

A semiconductor isamateria whose conductivity
liesbetween that of conductorsand of insulators?, the
conductivity of semiconductor isgenerdly sengtiveto
temperaure, illumination, magneticfield. Thissengitiv-
ity in conductivity makes the semiconductor one of the
most important materia sfor e ectronic application*?,
Semiconductorscons &t of two bandsnamely valence
and conduction bands which are separated by afor-
bidden gap™. Thisgapisusudly quitenarrow insemi-
conductorg??. Sothat, asthe temperature of the semi-
conductor isincreased, somee ectronsreceiveenergy
greater than the energy gap and get transferred to the
upper energy band. These e ectronsnow contributeto
the conduction*¥. PbSisused for thefabrication of IR
detectors. They havefound wide spread application for
detection of IR radiationl*#. For pure PbS; theforbid-
den energy gap decreases asthetemperatureislow-
ered®, Thedensity of PbSis(7.5) g.cm3%, Theuse
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of PbS asthe laser materia has made it possibleto
extend spectra rangeof laser radiationinthedirection
of wavelength longer than those emitted by InSb la
serl4,

EXPERIMENTAL PART

Thepreparation of pbsthin films

A molybdenum boat is used in evaporation pro-
cessbecauseit will not react with the evaporated ma-
terial andit hasamelting point greater than that of PbS
(1124 C). The appropriate amount of PbS powder is
selected and measured by using sengtivedectrica bal-
ance. During the deposition some of the materia will
belost by volétilization or expansonfromthesubstrate
surface, therefore we should add ~20% in excess of
material to be surethat the wanted thicknesswill be
achieved. The (glass) substrates are fixed on the
substrate’s holder at a distance about 16¢cm above the
source of evaporation (boat). When the vacuum in
chamber reaches(103-10) Torr, an electrical current
isapplied from the power supply passing through the
boat. We used annealing processto changethe struc-
ture properties of materialg'” such asthin filmslike
(CdS, PoS, PbO, MnS,...), so this method affects on
electrical propertiesbecausethe heat help electronto
move from valance band to conductive band so that
theeectrical conductivity increased™?.

Theannealing processwas performed in an elec-
trical furnace of thetype (Heraeus), and at different
temperatures of (200, 300, 400, 500) C for 30 min.
period.

Theweight method

Weight method isused in measuring prepared PhS
film thickness. Thismethod isone of the classic ap-
proximate methods in measuring. The material is
wel ghted using sensitived ectrical ba ance (mentioned
inpreviousparagraph); if theweight of thematerid is
egual to the mass of film and (R) isthe distance be-
tween the boat and the substrates over which thefilm
will bedeposited, thethinfilm thicknesswill beaccord-
ingtotherdation:
t=m/2nR% )
Wherem : isthemassof theevaporated materia (gm)-
p :dengty of dloy (gm/cm?).
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Thismethodisoneof theoldest, smplest and least
accurate methods, but it hasthe advantagethat it gives
averagevaluesfor filmthickness*8.

Electrical properties(1-V) characteristics

Inorder to measurethedectrica propertiesweneed
Ohmic contacts. It was obtain by under vacuum of Alu-
minumwireof high purity onthesurfaceof film, asmen-
tioned by Al-Nuaimy!*9,

RESULTSAND DISCUSSIONS

Thestudy of (I-V) characterigtic of thinfilmsinthe
presence of luminance determinesthequality of thede-
tector. Figure (1) illustratesthe (I-V) curvesfor PbS
thin film with thickness 500 A for different annealing
temperature (200, 300, 400, 500 and 600) C and the
time 30 min. Thefilm haslinear relation between cur-
rent and voltage so when voltageincreased the current
that crossinthefilmincreased too.
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Figurel: The(l-V) curvesfor PbSthinfilmsfor different
annealing temper atures.

Thephotocurrentincreased withincreasing voltage.
Theeffect of increasing temperatureled to increase pho-
tocurrent until reach T=500C°,then the photocurrent
will decreased.

We devel oped atheoretical model for these ex-
perimental databy fitting all of the (I-V) curvesusing
the (tablecurve, 2D, version5.01) software. Thesefit-
ting curvesareplottedin Figures (2-6) for al tempera-
tures (200, 300, 400, 500 and 600) C, respectively.

Anestimated theoretica fitting equation was power
(a b, ) equation.
y=a+bx° 2
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Figure2: Fittingcurve(l-V) at annealingtemper ature200°C
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Figure3: Fittingcurve(I-V) at annealingtemper ature300°C
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Figure4: Fittingcurve(I-V) at annealingtemper ature400°C

wherex and y represent photocurrent and voltage, re-
spectively. Thevauesof theparametersa bandcare
presentedin TABLE (1), r’representsthe correlation
factor between practical and theoretical data. Fromthis
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Figure5: Fittingcurve(l-V) at annealingtemper atur e500°C
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Figure6: Fittingcurve(l-V) at annealingtemper atur e600°C

equation, we can show that theincreased photocurrent
withincreasng voltege.

Each parameter was plotted against thetempera-
tureasshownin Figures(7-9). The best fit equations
aredemonstrated above each curve.

Wheretheva uesof parameters of these equations
areillugratedin TABLE (2). x, representsthetempera:
turein°Candy,,y,, andy, represent a-,b-,and c- pa-
rameters.
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Figure7: Therelation between a-parameter and annealing
temperature
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Figure8: Theréation between b-parameter and annealing
temperature

Theestimated theoretica (I-V) curvesareplotted
for two test temperatures (250, and 450) C with ex-
perimenta dataisshown inFigure (10).

For test temperature 250 C, the estimated theo-
retica equationis:

y =24.306014 + 35.98024 x(093%1045)
andfor test temperature 450 C, the estimated theoreti-
cd equationis:

TABLE 1: Theparametersof theoretical model

2

Temperature (°C) a-parameter b-parameter c-parameter r
200 20.155631 29.813166 1.0603794 0.99815273
300 29.889456 35.895787 0.98543866 0.99872968
400 32.179019 41.555742 0.60403744 0.99814266
500 73.061565 19.340531 1.0760659 0.99755768
600 28.803509 45.691064 0.57198385 0.99722813
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Figure9: Therelation between c-par ameter and annealing
temperature
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Figure 10 : Effect of temperature on (I-V) curves

(theor etically and experimentally) for PbSthin film.

TABLE 2: Thevaluesof theparametersof thebest fit equation for the parameter sof thetheor etical equations.

parameter a-parameter b-parameter c-parameter
a 22.681454 2.5671898 1.674118
b, 55.24424 0.00083619422 -1.7427258¢°
1 487.14271 -5.4203886¢ 1.0156424¢°
dy 41.277705 9.5203499¢ ™ -1.70964¢®

y =53.208443 + 28.681465 x(08%16339)

Thismodel alowsustoplot the(I-V) curvefor any
temperaturefor PbS photo detector that has not been
experimentaly taken.

CONCLUSION

From our studying for the effect of annealing tem-
peraturesonthe (I-V) characteristicsof PbSthinfilms
experimentaly and theoreticdly, we concluded that in-
creasetemperatureled to increase photocurrent. The
estimated theoretical model is power (a, b, €) equa
tion. Thismodeling enablesto plot (1 -V) curve for any
annealing temperaturesfor PbSthin filmsthat cannot
takeexperimentdly.
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