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Abstract:

Cathodoluminescence (CL) spectra of thermally evaporated
cadmium sulfide (CdS) films onto glass substrates were studied
for different film thicknesses. CdS [films of thicknesses higher
than 5-6 um gave two broad smooth CLbands: the green bend (G8)
with Mg~ 510 nm and the red band (RB) with A, .~ 680 nm. A
modulation of the CL spectra has been o!:»serwz.dJr for samples of
thicknesses less than 3 um keeping the band peak at the same
position. The modulation of the CL spectra of both the green and
red bands, which appeared in the form of regular small peaks,
was accompanied by an overall decrease of the CI. {ntensity. The
observed peaks are altributed to double-beam interference. Accord-
ingly, they can be utilized in film thickness determination. The
obtained values of the film thickness were in good agreement
with those estirmated by other methods.

Introductions

Recently, local cathadoluminescence of semiconduclar crystels as well as
thin films hes recieved a grest interest (1-6), because of the development  of
tlectron-excited lasers. One of lhe most promising semiconducting materisls is
cadmium sulfide. The maln interest includes the nature of the cathodoluminescenre
a5 well as the parameters that may sffect it.

However, the present work presents the application of CL spectre in Lthe
determination af tha fiim thickaness,

Experimental Procedure:

(i) Film preparation

A numbe: aof Cd5 films aof cifferent thicknesses (2-8 pm} were prepared by
thermal eveporation on glass substrates held at room temperature duting the deposition
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process in vacoum of 10 © Torr. The mate of deposition was relatively small &0 nm/
minute, CdS films epoeared black-grey (then became yellow-orange aftec annesliog).

(i) Film structure

The structure of Cd3 Lhin films deposited on glass substrates was Investigated
using a computer-controlled X-ray diffractometer (Disno Corporation, USA).
(iit) CL Spectra

Cathodoluminescence spectra in CdS lilms were obtained using an electron
mictoptobie analyser (CAMCBA) The beam current was kept at sbowt 1077 Amp. and
the beam diameter was between 10-50 pim- The operating eccelerating voltage was

about 25 KV, Al experiments were performed st room temperature either before
or after film arvealing.

Results and Discussions

X-rry studies of CdS films deposited on gless substistes showed that they
have polyctystelline structute of hexagonal type wilh a preferced orientation (with
the ce-nxis perpendicular to the substrate surface). The degree of the preferred
orientation increases with incressing the film thickness, The obtained data was
similar to that reported before (7). Cathodoluminescence spectra as performed for
CdS films of thicknesses higher than %-6 pm showed twa broad smooth CL bands:
the green band (GB) with AL~ 510 nm acxd the red bandg (RB} with X'na’xﬂ &40 nim,
These bands as attributed befare (8, 9) were due to intrinsic transitions as well
as to transiticns invalving stroctural defects. Typical representation of such CL spectia
Is lusteated In Fig. (1) for & 7 ym thick Cd5 film. For CdS films of thicknesses
less Lthan 3 Fny bwo essential features were observed: (i) Modulstion of CL spectra
appeared as reqular small peaks in both greeen and red bands end {ii) A decrease
In CL intensity throughout the whole spectrum a3 shown in Fig. (2}, The observed
praks can be expleined in the lwo-beam intetfetence model. Therefore, they can
bLe used lor the determination of the [ilm thickness. For this purpose, the wavelengths
al  which these peaks locate were precisely determined. Using the wavelenglhs
}‘ and AZ corresponding to two successive peaks, either in CB or in R, in conjunc-
tion with the cotresponding values of the refiective indices, ny and ny, determined be-
fore {10) for Cd5 thin films having the same stoichiometery, the order of interference
m can be determined, as (11):

"1’%
m = '
n, /22 - n'/ A’I

krowing, the arder of interfecence m, the film Lthickness | can be calculated froms

NN,
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CL spectra of evaporeled CdS films
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m%112n'l
or  (m+1) ?\2:

A< a representative exemple, using the twa peaks Ioested at 635 end £00 nm,

Fig. (2}, at RB, The refractive indices ny &nd ny ate  respectively 2287 end  2.230,
Both m and t were found to be 16 and 2,227 pm respectivetly,

The cbtained result for the [dm thicknesies (s in good agrecement with the

film thickness estimsted by other methods (12).
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