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A procedureto calculatetheopticalconstantsandthicknessof thin films, usingonly data
from the transmissionspectra,hasbeenemployed in thecaseof cadmiumsulfo-selenide
films preparedby thermalevaporation.Usingthis technique,thecalculatedthicknesswas
found to an accuracy rangingbetween1.0 and3.0%comparedwith othermethods.The
refractive index andtheabsorptioncoefficient,asa functionof composition(i.e. valueof
x) havebeenderivedusingthis techniquethatprovedto beveryaccurate.CdSxSe1 � x films
haveadirectenergy gapfor films of variouscomposition,andthevaluesof theenergy gap
werefoundto increasewhenincreasingthecontentof sulphur(x).

1. Introduction

It is known thatthedeviationfromstoichiometryof II-VI binarycompoundsinfluences
strongly their photoelectricalproperties.The semiconductorsCdSandCdSearehighly
sensitive to light and other radiation. Both CdS and CdSedisplay peculiarfeaturesof
photoconductivity whicharecommonto thetwo substances[1].

Cadmiumsulfo-selenidesare solid solutionsod CdS and CdSe. They appearvery
promisingfor variouspracticalapplications.To agreatextent,theseexpectationsarebased
onthepossibilityof controllablechangingof importantparameters(latticeconstants,band
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gaps,etc.).Thebandgapof CdSxSe1 � x crystalchangescontinouslywith thecomposition
(x) within theenergy rangecorrespondingto thevisiblewavelengths[2].

A numberof workers[2-8] studiedthephysicalpropertiesof CdSxSe1 � x crystals.The
electricalandoptical propertiesaswell asthe structureof CdSxSe1� x thin films andthe
effectof heattreatmenton thesepropertieswerereported[9].

In thepresentpaper, thetransmissionspectraof thin CdSxSe1� x films with 0 � x
� 1

wereinvestigated.Main aim of this work is to determinethe thicknessof thefilms from
theinterferencefringesof thetransmissionspectrumaswell astherefractiveindex andthe
absorptioncoefficientusingtransmissionspectraonly.

2. Experimental

Thin films of CdSxSe1� x of differentcompositionwerepreparedby thethermalevap-
orationmethodof themixtureof separatelygroundandweighedamountsof pureCdSand
CdSe,undervacuumof about10� 8 Pa. To gethigh quality anduniform CdSxSe1 � x thin
films, thesubstrateholderwasrotatedduringthedepositionprocesswith a speedof about
240rev/min.

Thechemicalcompositionof the preparedCdSxSe1� x thin films wasdeterminedus-
ing atomicabsorptionGBC 980andPerkinElmer(model1100)spectrophotometers.The
thicknessof the films was determinedusing multiple-beamFizeaufringe method[9].
Transmissionmeasurementswereperformedwith anaccuracy of 3% in thespectralrange
from 400to 2000nmusingUV, VIS, NIR Shimatzutype3100spectrophotometer.

3. Resultsanddiscussion

Figure1 shows the experimetaltransmissionspectrameasuredat 300 K of all sam-
plesinvestigatedin this work. All spectrarevealvery pronouncedinterferenceeffectsfor
photonenergiesbelow thefundamentalabsorptionedge.Suchbehaviour of thespectrais
evidenceof thethicknessuniformityof thefilms.Otherwise,theinterferencefringeswould
have beendestroyed,resultingin smoothtransmissioncurves.However, somefeaturesof
thespectraindicatethattheuniformity of thefilms mustbediscussedmorecarefully.

3.1. Determinationof therefractiveindex n

Theextremaof thetransmissionspectrawereusedto calculatetherefractive index n.
Theenvelopesconnectingtheinterferencemaximaandminima(full linesin Fig. 2, shown
asarepresentativeexampleof CdSxSe1� x thin films) areconsideredto becontinuousfunc-
tionsof thewavelengthλ. Therefore,for eachmaximumof thetransmissioncurves,TM, a
correspondingminimum,Tm, maybedeterminedat thesameλ, andviceversa.
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Fig. 1. Transmissionspectraof CdSxSe1� x thin films of differentcomposition(x = 0, 0.2,
0.4,0.6and1).

Fig. 2. Transmissionspectraof CdS0� 8Se0� 2 CdS0� 8Se0� 2 thin films.

From the work of Swanepoel[10], the following equationsdescribingthe envelopes
wereusedto calculatetherefractive index n of thefilms:

n1 �
�

N �
	 N2 � n2
2 � 
 1�
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N � 2n2
TM � Tm

TMTm
� n2

2 � 1
2 � � 2�

whereTM andTm arethe transmissionmaximumandminimum, respectively, on the en-
velopeat a certainwavelength,andn2 (1.517in our case)is the refractive index of the
substrate.Figure3 representsthederivedvaluesof therefractive index n1 asa functionof
compositionx (x = 0, 0.2, 0.4, 0.6, 0.8 and1), for the six measuredfilms. Thesevalues
werefound to be in goodagreementwith thevaluespublishedin Ref. 9. They show the
increaseof n1 with thecompositionx.

Fig. 3. Refractive index n of CdSxSe1 � x thin films vs.compositionx.

3.2. Determinationof thefilm thicknessd

The thicknessof the preparedfilms hasbeendeterminedusingthreedifferent tech-
niques.

1) It hasbeencalculatedfromthetransmissioncurvesof Figs.1 and2 usingtherelation

d � λ1λ2

2 � n�1λ1 � n� �1λ2 ��� � 3�
wheren�1 andn� �1 aretherefractiveindicesattwo adjacentmaxima(or minima)correspond-
ing to thewavelengthsλ1 andλ2.

2) A simplegraphicalmethodwasemployedusingthebasicequationfor theinterfer-
encefringes

2nd � mλ � � 4�
wherem is anintegerfor maximaandhalf-integerfor minima.Equation(4) canbewritten
as

I
2
� 2d

n
λ � m� I � 0 � 1 � 2 � 3 � � � � � � 5�
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Plotting of I � 2 versusn� λ, one obtainsa straight line with the slope2d and a cut-off
on the ordinateequalto � m. Figure4 shows this plot for the six sampleswith different
compositionsx. Fromthisfigure,thethicknessd andtheintegerm canbecalculated.

3) Themultiple-beamFizeaufringesmethod[11] hasbeenusedto determinethefilm
thickness,only for thesakeof comparison.

Table1 summarisestheresultsof thedeterminationof thicknessusingthethreemeth-
odsmentioned.Fromtheinspectionof thedata,it wasfoundthat thevaluesof d for thin
CdSxSe1 � x films determinedby the differentmethodsare in very closeagreement.The
resultsdiffer by lessthan3%.

Fig. 4. Plotof I /2 vs.n� λ for theCdSxSe1� x thin films of differentcompositionx.

TABLE 1. Resultsof determinationof thicknessof thin films of CdSxSe1 � x usingthethree
differentmethods.

Sample Compositionx
technique x � 0 x � 0 � 2 x � 0 � 4 x � 0 � 6 x � 0 � 8 x � 1
Transmission 1167.73 838.55 738.70 469.53 331.82 1146.18
Graphical 1166.96 833.33 740.05 470.23 329.51 1140.52
Interferometric 1170.95 840.33 745.35 474.27 333.98 1150.23

3.3. Determinationof theabsorptioncoefficientα
Knowing the valuesof the refractive index n � λ � andthe thicknessd, the absorption

koefficientα � λ � canbecalculatedusingtheformula[10]

X � e� α  λ ! d " � 6�
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whereX is theabsorbancefor asystemandis givenin termsof theinterference-freetrans-
missionT by [10]

X # P $&% P2 $ 2QT ' 1 ( X2X3 )
Q * ' 7)

T is thegeometricmeanof TM andTm,

T #,+ TMTm - ' 8)
and

P #.' X1 ( 1) ' X2 ( 1) ' X3 ( 1) -
Q # 2T ' X1X2 $ X1X3 ( 2X1X2X3 ) -

X1 # 1 ( n1

1 $ n1
-

X2 # n1 ( n2

n1 $ n2
-

X3 # n2 ( 1
n2 $ 1 *

Theabsorptioncoefficient α, ascalculatedusingtheseequations,for thesix samples
of differentcomposition,asa functionof photonenergy hν, is shown in Fig. 5.

Fig. 5. Absorptioncoefficient α asa functionof photonenergy for CdSxSe1 / x thin films
of differentcompositionx.
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Plotsof 0 αhν 1 2 versusphotonenergy hν indicatetheexistenceof thedirecttransition.
Theinterceptsof linesshowing 0 αhν 1 2 versushν, shown in Fig. 6, extrapolatedto hν 2 0,
aretakenasthevaluesof thedirectopticalenergy gap.Thedirect-transitionenergy gap,
Eg, for CdSxSe1 3 x thin films for differentx valuesis shown in Fig. 7. Fromthis figure,it
is clearthattheenergy gapincreaseswith increasingcompositionx. This is probablydue
to theincreaseof thedepthof donorlevelsassociatedwith sulphurvacancies[12].

Fig. 6. Plotof 0 αhν 1 2 vs.photonenergy hν for CdSxSe1 3 x thin films of differentcomposi-
tion x.

Fig. 7. Energy gapagainstcompositionfor CdSxSe13 x thin films.

4. Concludingremarks

This work presentsthe result of the transmissionmeasurementsof thin CdSxSe13 x
films. Key resultsof thiswork aresummarizedasfollows:
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(a)Therefractiveindex n vs. thecompositionx is reportedfor thefirst time for
CdSxSe1 4 x films.

(b) Therefractive index n increaseswhenincreasingthecompositionx.
(c) Theabsorptioncoefficient revealedthedirecttransitionfor all films of different

compositionx.
(d) Thedirectenergy gapincreaseswith increasingcompositionx.
(e)Thedeterminationof film thicknessof films of variouscompositionhasproved

to beuseful,easyandaccuratein thecaseof ourCdSxSe14 x evaporatedfilms.
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ODRED– IVANJEOPTIČKIH KONSTANTI VAKUUMSKI NAPARENIH TANKIH
SLOJEVA CdSxSe14 x MJERENJEMTRANSMISIJSKIHSPEKTARA

Primijenili smo račun za odred–ivanje optičkih konstanti tankih slojeva kadmij sulfos-
elenida, na osnovi samih transmisijskihspektara. Na taj smo nǎcin postigli točnost
odred–ivanjadebljineslojeva od 1.0 do 3.0%. Tim smopostupkom izveli vrijednosti in-
deksalomai apsorpcijskogkoeficijentazaniz vrijednostix, i te suvrijednostivrlo točne.
Tankislojevi CdSxSe14 x imaju izravanenergijski procijep,anǎslosedaveličinaprocijepa
rastespovećanjemsadřzajasumpora.

188 FIZIKA A 6 (1997)4, 181–189


