ISSN1330-0008
CODEN FIZAE4

INFLUENCE OF HEAT TREATMENT ON THE PHYSICAL PROPERTIES OF
ANTIMONY TRISULFIDETHIN FILMS

INAS K. EL ZAWAWI?, AHMED ABD ELMOEZba, FATMA S.TERRA? andMOHAMED
MOUNIR

aSolid StatePhysics_ah., National Reseath Centie, Tahrir St.,Dokki, Cairo, Egypt
bphysicsDepartmentFaculty of ScienceCairo University, Giza, Cairo, Egypt

Receved 15 Decembed 997;revisedmanuscripteceived 28 May 1998
Accepted? Septembet 998

The influenceof isochronalandisothermalannealingfor 0 to 180 minutesandat 27 to

250°C, respectiely, on the optical and electricalpropertiesof thin films of SkpS; have

beeninvestigatedThefilms depositecbn glasssubstratéy thermalvacuumevaporation
have amorphousstructure but after annealingat temperatureabove 200°C for 3 hours,
they changeo polycrystallinestructure Theopticalabsorptiorcoeficientbecomesigher
for subgapabsorptiorat higherannealingemperaturesrhe valueof the optical Taucgap
anddirectbandgapchangedvith theannealingemperatureThedarkelectricalresistvity

shaved a decreasdy aboutan order of magnitudewhenincreasingboth the isochronal
andisothermaknnealingreatment.

PACSnumbers73.61.Jc7/8.66.-w UDC 538.975
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1. Introduction
Industrialapplicationsof binarycompoundsemiconductorstimulatetheinvestigation

of the physicalpropertiesof amorphousandcrystallinesystemsTherelationbetweerthe
physicalpropertiesandthe local structureis of greatinterestin non-crystallinematerials
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wherethe preparatiortechniquesndcompositiorcanaffect the short-andmedium-range
order[1]. The heattreatmentaffectsdirectly the optical and electricalpropertiesof the
depositedhin films dueto thechangesn their structure.

Antimony trisulfide hasmary applicationin the industry suchasin television cam-
eratubesmicrowaves,switchingandoptoelectroniadevices[2-7]. Theaim of the present
studyis to investigatehe effectsof post-depositiomeattreatmenbnthe opticalandtrans-
port propertieof ShSz thin films.

2. Experimental

Thin films of SkpSz were preparedby thermalvacuumevaporationat about10-2 Pa
(10~° Torr) from ingot powder of 99.99%purity (Merck) on glasssubstratesThe deposi-
tion ratewasfixedat1.2nm/s,controlledby a quartz-oscillatothicknesanonitor(Modem
FTM3, Edwards,England).For investigatinghe isochronalandisothermalnnealingwe
have chosertwo valuesof film thickness3.67and4.68um. Thefilm thicknessvasdeter
minedby measurementsf interferencepatternsn thetransmissiorspectraof low-enegy
photong8].

The films weredepositedat 27°C, andthe post-depositiomeattreatmentwascarried
outin argon atmospherat a pressureof 40 Pa (0.3 Torr) to eliminateary oxidationor
contaminationThe isochronalannealingeffectswere studiedfor films annealedor 180
minutesattemperaturefrom 27 to 250°C. Theisothermalnnealingeffectswerestudied
for films annealedor time intervals of 60, 120 and 180 minutesat 220°C. The structure
of the films beforeandafterthe heattreatmentvasexaminedby X-ray diffraction (using
X-ray analysisunit XD610 from ShimatzuJapan)Theopticaldatawerederivedfrom the
optical transmissiorspectrameasuredy spectrophotometeviodel PC3101from Schi-
matzu.Thefilms weremeasuredn the spectrarangefrom 200to 2500nm at27°C. The
DC electricalresistvity measurementsere madeusingthe four-probemethodafter de-
positingfour ohmiccontactelectrode®f Al, madeby thermalevaporationn avacuumof
about0.001Pa (10~° Torr). The measurementseremadein ambientatmosphereising
electrometeKeithley Model 614andDC precisionpower supplyModel 1610A.

3. Resultsanddiscussion

The compositionof the investigatedfilms before annealingwas determinedto be
Shy3Ss7 by EDX analysis.The changeof stoichiometryafter annealingwas not observ-
able. It was alsofound by the EDX analysisin differentregions of eachfilm thatthe
compositionis the sameall over the film. This confirmedthe uniformity of the prepared
films.

Theas-deposite®hS; films have amorphoustructureasshonvn by X-ray diffraction
technique.The films maintaintheir amorphousstructureeven after isochronalannealing
for 180 minutesat temperaturetower than20C°C. Films annealedttemperatureabore
200°C changdrom anamorphoustructureof abrown colourto apolycrystallinestructure
of a dark-graycolour. The films have a good adherencéo the glasssubstrate Figurel
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shaws the X-ray diffraction patternsof films of thickness3.67 um, annealedat 200°C
(A) and250°C (B). As determinedrom patternsthe structureof the films changednto
polycrystallinewith orthorhombicunit cell. The characteristiqpeaksof SkhS; and the
interplanarspacingvaluesd werecalculatedandaregivenin Tablel andindicatedin Fig.
1. They arein agreementvith thevaluesreportedby Doroichietal. [9]. It appearshatthe
preferredorientationof suchgrown polycrystallinefilms is [211], which is perpendicular
tothesubstrat@lane At 25(°C, asthecrystallizationprocesproceedstheintensityof the
(211) peakincreasesindicatingfurtherorientationof thefilm crystallitesin this direction.
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Fig. 1. X-ray diffractionpatternof SkySz film annealedor 180 minutesat 200°C (A) and
at250cC (B).

Figure 2 shaws the X-ray diffraction patternsfor films 4.68 um thick, which exhibit
effectsof isothermahnnealingat220°C for timeintervalsof 60,120and180minuteslt is
ohviousthatfilms annealedor atime lessthan180minutesstill maintaintheiramorphous
structure As the annealingime wasincreasedo 180 minutes thefilm structurechanged
to polycrystallineof orthorhombicunit cell. Thatis indicatedby the characteristipeaks
of SkpS; andinterplanaispacingcalculatedandshavn in Fig. 2 andin Table2. The peak
of highestintensity for

TABLE 1. X-ray analysisof SbS3 films annealecit 200°C (A) andat250°C (B) for 180
minutes.
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This measurement Thismeasurement JCPDS—TCDD
(A) (B)
d(nm) I/lo d(nm) I/lo dinm) | 1/l | hkl
0.574 50 0.571 48 0.5654| 35| (020)
0.503 39 0.498 39 0.505 55 | (120)
0.397 32 0.4004 26 0.3987| 30| (220)
0.363 45 0.364 47 0.363 30 | (101)
- - 0.3554 45 0.3556| 70| (310)
0.3172 47 0.176 44 0.3178| 18| (021)
- - 0.316 32 0.3128| 35 (230)
0.3042| 100 0.305 100 0.3053| 95| (211)
0.2761 72 0.276 71 0.2764| 100 | (221)
0.268 42 0.268 44 0.268 50 | (301)
0.2604 27 0.260 27 0.2609| 25| (311)
0.2514 22 0.251 21 0.253 45 | (240)
0.2273 21 0.2274 20 0.2277| 25| (041)
0.196 20 0.1936 19 0.194 45 | (501)
0.1885 30 0.1879 29 0.1885| 10| (060)
0.1832 30 0.1864 28 0.1871| 10| (600)
0.172 15 0.1728 23 0.1729| 20| (222)
0.1687 23 0.1689 24 0.169 35| (132)

films annealedat 220°C for 180 minutesis (020), which is similar to the highestpeak
intensity(020)of theingotpowderusedfor evaporatiorof films (Table2). Theappearance
of the highest[211] peakintensityin the caseof isochronallyannealedilms, which is
differentfrom thatof the Sh,S; powderandisothermallyannealedilms, maybe dueto a
slightdeviationfrom the perpendiculaorientationof thesourceto thesubstrateluringthe
film deposition.lt wasreportedthatthe (020) orientationis preferabléefor films prepared
atsubstrateaemperaturef 22C°C [10].

The optical absorptioncoeficientsa asfunction of the photonenegy E for the as-
depositedilms, andthosewhich wereisochronallyannealedit 150,200,250°C, of thick-
ness3.67um, areshovn in Fig. 3. It is clearthattheabsorptiorcoeficientbecomeigher
for subgapabsorptiorasthe annealingemperaturéncreasedThe as-depositefiims and
annealednesat 150°C have the samecharacteristibehaiour of the absorptioncoefi-
cientin spectraof amorphousnaterials,i.e., the coeficient becomesslightly higherfor
subgapbsorptionTheslopeof theabsorptioredgeis slightly steepefor theas-deposited
films thanof thefilms annealedit 150°C, while thevaluesof a < 10° cm™?! aredifferent.
Theabsorptiorcoeficientsof films anneale@t 200°C and250°C have differentbehaiour
thanothersamplegiueto thechangen their structurefrom amorphouso polycrystalline,
asindicatedin Fig. 1. As theannealingemperaturéncreasedrom 200to 250°C, the ab-
sorptioncoeficient at lower enegiesincreasesThatis accompaniethy an enhancement
of crystallizationof thefilm annealect250°C.
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Fig. 2. X-ray diffraction patternof SbSg films annealecat 220°C for 60, 120 and 180
minutes.

TABLE 2. X-ray analysisof SkpS; film, annealedor a time of 180 minutesat 220°C,
compareawith theingot powderandthe standardatarddata.

This measurement, Thismeasurement, JCPDS—TCDD
thin film ingot powder
d(nm) I/lo d(nm) I/lo dinm) | I/lp | hkl
0.803 10 0.804 22 0.799 16 | (110)
0.577 100 0.572 100 0.565 35 | (020)
0.507 59 0.512 66 0.505 55 | (120)
0.397 18 0.4004 36 0.399 30 | (220)
0.358 73 - - 0.355 70 | (310)
0.346 13 0.333 17 0.345 25| (111)
0.311 23 0.313 54 0.312 35| (230)
0.304 22 0.305 52 0.305 95 | (211)
0.275 19 0.276 57 0.2764| 100 | (221)
0.268 11 0.268 31 0.268 50 | (301)
0.254 26 0.252 71 0.252 45 | (240)
0.209 13 0.210 41 0.2101| 20| (421)
0.194 11 0.194 47 0.194 45 | (501)
0.188 10 0.188 70 0.188 10 | (060)
0.169 8 0.169 46 0.169 35| (132)
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Fig. 3. Optical absorptiorcoeficienta asa functionof photonenegy E for SbS; films
as-depositedndannealedor 180minutesat 150,200and250C.
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Fig. 4. Variation of (ahv)Y/2 with photonenegy hv for SbSs films as-deposite@nd
annealeat 150°C for 180minutes.
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Theopticalgapof theas-depositedndof annealedilms at 150°C, dueto theindirect
bandto bandtransitionin amorphousnaterialswasestimatedrom theempiricalrelation
(11]

ahv = B(hv — Eg)?,

whereEg is the TaucopticalgapandB is a constantFigure4 shavs therelationbetween
(ahv)¥2 andthe photonenegy hv for amorphousdilms. The extrapolationof the linear

partof the curvesindicateshatthe Taucopticalgapshave the valuesof 1.75and1.72eV

for theas-depositeflims andfilms annealedit 150°C, respectiely.
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Fig. 5. Variationof (ahv)? with photonenegyE for SpS; film annealect250°C for 180
minutes.

For polycrystallinefilms, the opticalgapis estimatedrom theexperimentatatawhich
satisfytherelation

ahv = D(hv — Eg)¥2,

whereE, is theopticalgapdueto thedirecttransitionandD is aconstantFromFig. 5, the
derivedvalueof the opticalgapof polycrystallinefiims annealedt 25C0°C is 1.8eV [12].
Thematerialof thefilms annealedt250°C representsrystallinematerialasthetransition
temperaturés 214 C andthecrystallizationtemperaturés 248°C [9].

The dark electrical resistvity of the films of thickness3.67 um, as-depositednd
annealedat 150, 200, 220 and 250°C, as a function of their isochronalannealing,is
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Fig. 6. Dark electricalresistvity p asa function of annealingtemperatur&l for SkS3

films annealedor 180 minutes.
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shawn in Fig. 6. It is obseredthatthe dark electricalresistvity decreasesharplyby an
order of magnitudeasthe annealingtemperaturas increasedrom 27 to 200°C, dueto
the changein the structureto the polycrystallineform. The changeis slow from 200 to
250°C dueto anenhancementf crystallinity (seeFig. 1). The electricalresistvity tends
to be stablefor the crystallineform of the material. The annealingemperaturefom 200
to 250°C do notplay a considerableole in the darkelectricalresistvity.

Thedarkelectricalresistvity of thefilms of thickness4.68um, annealedt 220°C, as
function of their annealingtime, is shovn in Fig. 7. As the annealingtime increasesp
to 120 minutes,a slight steadydecreasén dark electricalresistvity occurs.This maybe
dueto the decreasén the degreeof disorderin the amorphousnaterial. As the time of
annealingncrease$rom 120to 180 minutes a sharpexponentialdropin thedarkelectri-
calresistvity is obsered. This decreasés correlatedwvith the changefrom amorphougo
polycrystallinestructure asconfirmedby analysisof Fig. 2. Fromthe studyof the electri-
calresistvity of theannealedilms, it is foundthatin thetemperatureange200to 25C°C,
theimportantfactoris the annealingime, sincefor 180 minutes theresistvity decreases
sharply Thisis in accordancevith the X-ray diffractionresultswhich shavedthatif the
films areannealedt 200°C for 180 minutes the polycrystallinefilms areobtained.

4. Conclusion

Theisochronalndisothermalannealingreatmentap to 25C°C have their effectson
the structure the optical and the electricalpropertiesof ShSz thin films. The structure
of the films changedrom amorphoudgo polycrystallinewith orthorhombicunit cell at
annealingtemperaturesibove 200°C for annealingtimes greaterthat 180 minutes. The
absorptiorcoeficientof isochronallyannealedilms becomesigherfor subgambsorption
asthe annealinggemperatureincrease For amorphoudilms, the optical gapdueto the
indirecttransitionshovs adecreaséo 1.72eV for thefilm annealect 150°C, while it has
aslightly higherdegreeof disorderasobsenedfrom theslopeof theabsorptioredge The
films annealedat 250°C have an optical gapof 1.8 eV dueto the directtransitionin the
polycrystallinematerial.

Theelectricaltransporipropertiesverealsoaffectedby theisochronalndisothermal
annealingvhichis accompanietty adecreasef thedarkelectricalresistvity by aboutan
orderof magnitudedueto thecrystallizationof thefilms.
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UTJECAJTOPLINSKEOBRADE NA FIZICKA SVOJST\A TANKIH SLOJEA
ANTIMON TRISULFIDA

Ispitivao se je utjecajizotermitkog toplinskog otpustanjana opticka i elektricna svo-
jstva tankih slojeva SkpS; natemperaturam@&7 do 250°C i u vremenimaod 0 do 180
minuta. Tanki slojevi dobiveni vakuumskimnaparaanjem na staklenupodloguimaju
amorfnustrukturu,ali nakon otpustanjaiznad 200°C kroz 3 sataoni mijenjaju strukturu
u polikristalini¢nu. Opticki apsorpcijskikoeficijent rasteza podprocijepnuapsorpcijus
poviSenjememperatur@tpusStanja.Vrijednostoptitkog Taucorog procijepai izravni pro-
cijep mijenjali suses temperaturonotpustanja.Tamnaelektricnaotpornostseje smanijila
zaredveliCinekadaseje povetalovrijemeotpustanjai temperatura.
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