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A procedureo calculatethe optical constant@ndthicknessof thin films, usingonly data
from the transmissiorspectrahasbeenemployedin the caseof cadmiumsulfo-selenide
films preparedy thermalevaporation Usingthis techniquethe calculatedhicknesswas
foundto anaccurag rangingbetweenl.0 and 3.0% comparedwith othermethods.The
refractive index andthe absorptiorcoeficient, asa function of composition(i.e. value of
X) have beenderivedusingthis techniquehatprovedto bevery accurateCdSSe -« films
have adirectenegy gapfor films of variouscompositionandthevaluesof theenegy gap
werefoundto increasavhenincreasinghe contentof sulphur(x).

1. Introduction

It is known thatthedeviationfrom stoichiometryof II-VI binarycompound#nfluences
strongly their photoelectricabroperties.The semiconductor€£dS and CdSeare highly
sensitve to light and other radiation. Both CdS and CdSedisplay peculiarfeaturesof
photoconductiity which arecommonto thetwo substancefL].

Cadmiumsulfo-selenidesare solid solutionsod CdS and CdSe. They appearvery
promisingfor variouspracticalapplicationsTo a greatextent,theseexpectationarebased
onthepossibilityof controllablechangingof importantparameterflattice constantshand
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gaps.etc.). Thebandgapof CdSSe 4 crystalchangegontinouslywith the composition
(x) within theenepgy rangecorrespondingdo thevisible wavelengthq2].

A numberof workers[2-8] studiedthe physicalpropertiesof CdSSe 4 crystals.The
electricaland optical propertiesaswell asthe structureof CdSSe -4 thin films andthe
effectof heattreatmenbnthesepropertiesverereported9].

In the presenpaper the transmissiorspectraof thin CdSSe—x filmswith 0 < x < 1
wereinvestigatedMain aim of this work is to determinethe thicknessof the films from
theinterferencdringesof thetransmissiorspectrumaswell astherefractveindex andthe
absorptiorcoeficientusingtransmissiorspectraonly.

2. Experimental

Thin films of CdSSe -« of differentcompositionwerepreparedy the thermalevap-
orationmethodof themixtureof separatelgroundandweighedamountsf pureCdSand
CdSe,undervacuumof about10~8 Pa. To gethigh quality anduniform CdSSe_x thin
films, the substratdnolderwasrotatedduringthe depositionprocesswith a speecf about
240rev/min.

The chemicalcompositionof the preparedCdSSe - thin films wasdeterminedus-
ing atomicabsorptionlGBC 980andPerkinElmer(model1100)spectrophotometerfhe
thicknessof the films was determinedusing multiple-beamFizeaufringe method[9].
Transmissiomeasurementsereperformedwith anaccurag of 3% in thespectrakrange
from 400to 2000nmusingUV, VIS, NIR Shimatzuype 3100spectrophotometer

3. Resultsanddiscussion

Figure 1 shavs the experimetaltransmissiorspectrameasuredat 300 K of all sam-
plesinvestigatedn this work. All spectrarevealvery pronouncednterferenceeffectsfor
photonenegiesbelow the fundamentahbsorptioredge.Suchbehaiour of the spectras
evidenceof thethicknesauniformity of thefilms. Otherwisetheinterferencdringeswould
have beendestryed, resultingin smoothtransmissiorcurves. However, somefeatureof
thespectrandicatethatthe uniformity of thefilms mustbediscussednorecarefully.

3.1. Determinationof therefractiveindex n

The extremaof thetransmissiorspectravereusedto calculatethe refractive index n.
Theernvelopesonnectingheinterferencanaximaandminima(full linesin Fig. 2, shavn
asarepresentatie exampleof CdSSe -« thin films) areconsideredo becontinuoudunc-
tionsof thewavelengthA. Thereforefor eachmaximumof thetransmissiorcurves, Ty, a
correspondingninimum, T,, maybe determinedat the same\, andvice versa.
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Fig. 1. Transmissiorspectraof CdSSe—x thin films of differentcomposition(x = 0, 0.2,
0.4,0.6and1).
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Fig. 2. Transmissiorspectraof CdS gSe 2 CdS.sSa.2 thin films.

Fromthe work of Swanepoe[10], the following equationgdescribingthe ervelopes
wereusedto calculatetherefractive index n of thefilms:

n=4/N+4/N2—n3, (1)
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TM+Tm n3+1

N = 2n = 2

2

whereTy and Ty, arethe transmissiormaximumand minimum, respectiely, on the en-
velopeat a certainwavelength,andn; (1.517in our case)is the refractve index of the
substrateFigure3 representthe derivedvaluesof therefractive index ny asafunctionof
compositionx (x = 0, 0.2,0.4,0.6,0.8 and 1), for the six measuredilms. Thesevalues
werefoundto bein goodagreementvith the valuespublishedin Ref. 9. They shav the
increaseof n; with the compositiornx.
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Fig. 3. Refractive index n of CdSSe — thin films vs. compositiorx.

3.2. Determinationof thefilm thicknessd

The thicknessof the preparedilms hasbeendeterminedusing threedifferenttech-
niques.

1) It hasbeencalculatedrom thetransmissiorcurvesof Figs.1 and2 usingtherelation

B A2
U= 2 - ) )
wheren) andnf aretherefractveindicesattwo adjacenmaxima(or minima)correspond-
ing to thewavelengths\1 andA.
2) A simplegraphicalmethodwasemployedusingthe basicequationfor the interfer
encefringes

2nd=mA, (4)

wheremis anintegerfor maximaandhalf-integerfor minima.Equation(4) canbewritten

as

| n
E_ZdX_m’ 1=0,1,2,3,.... (5)
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Plotting of 1/2 versusn/A, one obtainsa straightline with the slope2d anda cut-off
on the ordinateequalto —m. Figure4 shaws this plot for the six sampleswith different
compositions. Fromthis figure, thethicknessd andtheintegerm canbecalculated.

3) Themultiple-beantFizeaufringesmethod[11] hasbeenusedto determineghefilm
thicknesspnly for the sale of comparison.

Tablel summarisesheresultsof the determinatiorof thicknessusingthe threemeth-
odsmentioned Fromtheinspectionof the data,it wasfoundthatthe valuesof d for thin
CdSSe - films determinedby the differentmethodsarein very closeagreementThe
resultsdiffer by lessthan3%.
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Fig. 4. Plotof 1/2 vs.n/\ for theCdSSe—x thin films of differentcompositiorx.

TABLE 1. Resultof determinatiorof thicknesf thin films of CdSSe —x usingthethree

differentmethods.
Sample Compositiornx
technique Xx=0 [x=02|x=04]|x=06|x=08] 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 the absorptioncoeficienta

Knowing the valuesof the refractive index n(A) andthe thicknessd, the absorption
koeflicienta(A) canbecalculatedusingtheformula[10]
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whereX is theabsorbancéor asystemandis givenin termsof theinterference-fregrans-
missionT by [10]

2 _
Q
T is thegeometriomeanof Ty and Ty,
T=vTuTn, (8)

and
P=(X—1(X—1)(Xs—1),

Q = 2T (X1 X2 + X1 X3 — 2X1X2X3),

_ 1-m
140y’

1

np—ng
2:
n1+n2’

_ n-—1
T+l

The absorptioncoeficient a, ascalculatedusingtheseequationsfor the six samples
of differentcompositionasa functionof photonenegy hv, is shonvn in Fig. 5.

e x=10
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Fig. 5. Absorptioncoeficienta asa function of photonenegy for CdSSe - thin films
of differentcompositiorx.
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Plotsof (ahv)? versusphotonenegy hv indicatethe existenceof the directtransition.
Theinterceptsof linesshaving (ahv)? versushv, shavn in Fig. 6, extrapolatedo hv = 0,
aretaken asthe valuesof the direct optical enegy gap. The direct-transitiorenegy gap,
Eg, for CdSSe_x thin films for differentx valuesis shovn in Fig. 7. Fromthis figure, it
is clearthatthe enegy gapincreasesvith increasingcompositionx. This is probablydue
to theincreasef the depthof donorlevelsassociateavith sulphurvacancie$l2].
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Fig. 6. Plotof (ahv)? vs. photonenegy hv for CdS,Se_ thin films of differentcomposi-
tionx.
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Fig. 7. Enegy gapagainstompositiorfor CdSSe —x thin films.

4. Concludingremarks

This work presentghe result of the transmissiommeasurementsf thin CdSSe -«
films. Key resultsof thiswork aresummarizedsfollows:
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(a) Therefractive index n vs.the compositiorx is reportedfor thefirst time for
CdSSe_ films.

(b) Therefractive index n increasesvhenincreasinghe compositionx.

(c) Theabsorptiorcoeficientrevealedthedirecttransitionfor all films of different
compositiornx.

(d) Thedirectenegy gapincreasesvith increasingcompositiornx.

(e) Thedeterminatiorof film thicknesof films of variouscompositiorhasproved
to beuseful,easyandaccuraten the caseof our CdSSe -y evaporatedilms.

References

1) Y. S.ParkandD. C. Reynolds,Phys.Rev. 132 (1963)2450;

2) SPermogorg, A. Reznitskii,S. Vebin, G. O. Muller, P. FiogelandM. Nikiforova, Phys. Stat.
Sol.(b) 113 (1982)589;

3) G.V. Gorde®, Soviet Phys.Solid State3 (1962)2104;

4) V. K. Mathur, P. S.Mak andChill Lee,J. Appl. Phys.9 (1980)51;

5) K. MochizukiandK. Igaki, Jap.J. Appl. Phys.20 (1981)113;

6) K. M. CarpenterH. H. StreclertandB. A. Ellis, J. of Solid StateChem 45 (1982)51;

7) V.V. Eremenbk, Sov. Phys.Solid State2 (1961)2320;

8) M. Urban,H. SchwabandC. Klingshirn, Phys.Stat.Sol. (b) 166 (1991)423;

9) M. A. Kenawy, H. A. ZayedandA. M. lbrahim,IndianJ. of PureandAppl. Phys.29 (1991)624;
10) R. Swanepoel,).Phys.E 17 (1984)896;

11) L. VriensandW. RippensAppl. Opt. 22 (1983)4105;

12) E.A. DavisandE. L. Lind, J.Phys.andChem.Solids(GB) 29 (1968)79.

ODREDIVANJE OPTICKIH KONSTANTI VAKUUMSKI NAPARENIH TANKIH
SLOJEWA CdSSe-x MJERENJEMTRANSMISIJISKIHSPEKTARA

Primijenili smo ratun za odredvanje optickih konstantitankih slojeva kadmij sulfos-
elenida, na osna/i samih transmisijskihspektara. Na taj smo na€in postigli tocnost
odredvanjadebljine slojeva od 1.0 do 3.0%. Tim smo postuplom izveli vrijednostiin-

deksaomai apsorpcijskg koeficijentazaniz vrijednostix, i te suvrijednostivrlo tocne.
Tankislojevi CdSSe -y imajuizravanenegijski procijep,anaslo sedavelic¢inaprocijepa
rastes povetanjemsadZajasumpora.
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