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PREPARED BY ELECTRON BEAM EVAPORATION
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ABSTRACT
The srractural properties of CdS films, prepared by eleciron beam
évaperasion tecknlge (EBET) war stadied by Xoray diffraction and
fransmizsion electron microscopy [TEM) sriag amorphouws and
erytialling subirrazer. The best degree of erysiallinity was obrerved
for filmy deposited on mica subrerates,  Imirial sape of
recryitalizarion of flms deposited on mica rubsircies. Inirial stage of
recryttallization of flims deposired om amorphows subiireles has
pecured dus 1o trantfer of part of the energy of the TEM beam irte heat
in the film. Cd5 films, deposized on plasy subgivaies, when annealed
In vacuum af 5210 K jor 2 b, thowed monocrysiallime hexogonal

SfrEcTinre.

INTRODUCTION

The evaporation of campounds is a complicated process, because usually the
vapour pressures of the clements of the compound differ from cach other,
Conscqoently the composition of the evaporated matzrizl can differ in s
stoichiometry [rom that of the orginal compound. EBET bas been successfully applied
for the preparation of refractory materails[1] and oxides[2.3] beside their excellent
application for clemental substances.

Cadmium sulphide is one of the important materials, wsed for solar cell
fabrication. Films are gsuvally prepared by thermal evaporation, and olber
techrigques{4- 10},
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In the preseot work we aimed o :

{2) Prepare thin CdS films by EBET techoique and o study the structore of the
films by electron diffracticn (EDY) and X-ray diffracton.

{b) Compare the strectural features of e films prepared by TET and EBET using
ED technique,

{c) Stwdy, by ED technique, the structuere of the films annealed by eitber the TEM
glectron beam or thermally innealed ander vacuum.

EXPERIMENTAL

Cd§ films up 1o 2600nm thick were prepared by EBET under vacuum of 10™ Pa
with an electron beam of 0.2 kw power. For this purpose an Edwands 306 coating onit
suppliad with an electron beam attachment was applied, Glass, quanz slides, silicon
single crystal wafers and mica sheets werd applied as substrates for the deposited
films, X-ray diffraction patterns of CAS fGlms were obtained for the different
substrates. - Using the conventional thermal evaporaton techmique (TET), we prepared
CiS  films which were wsed oaly lor comparison with films prepured by ERET
technique. TEM and ED patterns of Cds for carbon - coated copper grids were ohtained,
Mica sheets as an examiple of erystalling subsirates were used for TEM stody. Films
on amorpbous substrates (glass) were annealed at 520K far 2 br onder vacuum of 1
Pa The films were deposited on glass sbides instead of carbon-coated copper prds for
gasy handling., Electron microscope (Sicmens, Germany) working at bigh tension
power supply up to 100 KV with magnification up to T00.000 X was used,

3 - RESULTS AND DISCUSSION
1 - Transmission Electon Microscopy snd Electron Diffraction
Fig. 1{a,b) shows a comparizon between TEM micrographs of as - deposited
Cd5 flms prepared by TET Fig. 1 (a) and EBET Fiz, 1 (b) (Filin thickness = 220
i oo carbon - coated copper grids) The average values of the panicle sizes fog
TET and EDET are close 10 each other (=40nm). Al should be noticed that the
magnilications of the two miccographs are different. CdS particles, oblined by
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Fig. 1 : TEM micrograpk of CdS film, deposited on carbon by TET, magnification is
40 000 (2), TEM micrograph of CaS film deposited by EBET, msgnification
70.000 X {t) and a represeptative ED pattemn (c),

Flg. 2t~ TEM af CdS fim, deposited on carbon by EBET after electon beam anqealin
: micrograph with magaification 146100 X (a) 2od ED pattern (b).

ing
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TET Fig. 1 (2) and EBET Fig. 1 (b) show bexagonal morphology. The particles
in Fig. 1 (a) are better arranged than those in Fig. 1 (b). It is well known that the
structural features of the deposited films depend on the technique of
evaporation. Thbe differeace berween the films in Fig. 1 (a) (prepared by TET)
and the film in Fig. 1 (b) (prepered by EBET) is most likely due 1o the fact that
for EBET films, the source material was heated locally due to the focussed
bombanding electron beam yielding a jet of vapours, which then condensed onto
the cold substrate, However, for TET films the source material and the
substrate were heated globally and homogencously, This allowed for beter
growth and arrangement of the crystallites,

Fig. 1 (c) shows a representative ED patiern, for films pecpared by cither TET
or EBET indicating a polycrystalline nature for both films. From the calculations of
the obtained electron diffraction rings, the interplanar spacing (d-values) were
compared with tbose taken from the X-ray ASTM cards. Referring (o those ASTM
cards, it was found that CdS fims depoited by TET and EBET have bexagonal
wurtzite structure of space group PS3 me and unit cell parameters a = 0413om, ¢ =
06713 nm. The cakulated unit cell parametess are a = 0.4157 om and b = 0.6596 nm.
After few minutes of exposare to the electron beam, of he electron microscope at 80
kv and 1.5 A incident curreat, ED patterns gave scattered spots instead of continuous
rings. ‘This is suggested 10 be to recrystallization of the film as shown in Fig. 2 (b).

Generally the beat transferred (o the film, leading to the lemperature rise(11],
depends upon the clctron beam paramelers, This temperature rise can be responsidle
for the recrystallization, The effect of elecuon beam bombardment was observed

previously by the cathodoluminescence results reperted(12] for both scanning and
sationary modes, where outdiffusion of defects and reevaporation of CdS occured.

A representative TEM micrograph of CdS films, deposited on mica substrate is
thown in Fig. 3, which sbows tbe growth of well arranged(10] bexagonal CdS
crystallites with sharp edges and pasticle sizes in e range of 100 : 450 nm, The
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average particle size is 200 nm. This particle size is five times larger than that
deposited oa carboa - coated copper grids. 'l'heuysxalgromhonmicaoocuqudin
preferred sites of the cleavage plang of mica. Fig. 4 (b) shows a representative ED
pattern of CdS films deposited oa glass by EBET, then annealed under vacuum of 10™
Pa at 520 X for 2h. Spot diffraction patemn idicaes the monoarystalline structure of
the annealed CdS films. From the analysis of such spots we obtained that they have
the following inkrplanar spacings : 0.186 nm, 0.1698 nm and 0.056 nm. These values
correspond to the ASTM values (.1898 nm, 0.1791 nm and 0.0973 nn corresponding to
(103), (200) and (304) planes of CdS respectively, This may be interpreted by
twinning of some crystallites. Fig. 4 (a) shows the comesponding TEM micrographs
of the film. Recrystallization and reevaporation took place, in some regions of the
film as indicated by empty areas with nearly hexagonal edges, The reevaporated
particles are suggested 10 bave sizes in the range of 80:250 nm which are
approximatcly equal to those of the unanncaled films on mica substrates. This enables
us to suggest, that in order to obtzin crystalline films, the material is cither deposited
on crystalline substrates or on amorpbous (glass) substrates, followed by thernmal
annealing under high vacuwn at a svilable temperature. Comparing the electron
diffraction pattemns of CdS films Fig. 1 (c). 2(b) and 4(b) we observed the following :-

A- Fg. 1 (c) shows that the as-deposided film possesses polycrystalline structure
as observed from the cootinpous rings ol the clectron diffraction.

B-  Fig. 2 (b) shows that, after exposure of the film to the ¢lectron beam of the
TEM, the first stage of recrystallization took place since scattered spots were
observed.

C-  Fig. 4 (b) shows that by thermal anngaling of CdS films (deposited on glass
sobstrates at 520X for 2 b under vacuum) well arranged spots are displayed
sbowing the hexagonal structure of CdS films of (001) zooe axis.

2 -« X.ray Diffraction Results :
Fig. (5) shows X-my diffraction paterns of CdS films prepared by EBET
oa glass (curve ), silicoa single crystal wafer (curve b), amerphous quartz
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(curve ¢) and mica sheet (curve d) for film thickness of 1000 nm and evaporation
rate of 0.75 nm/sec. Notice that for representation of Fig. (5), the relative
intensity of CdS deposited on mica is reduced by 50 times its real value on the X-
ray chart. The interplanar spacing, d-values, comresponding to each peak for all
substrates, were calculaed and compared with the standard d-values in the
ASTM cards. The comesponding (hkl) reflections were identified as shown in
Fig. (5). The experimental d-values agreed with those from ASTM cards, It
appears that for glass, silicon and Quartz substrates, polycrystalline films with
(002) preferred odentation are cbtained(7,10,13]. This means that for glass and
quartz amorphous sabstrates, polycrystalling films are expected to occur. In the
case of single-crystal substrate, the polycrystalline CdS film may occur due toa
native existing amorphous thin silicon oxide layer upea silicon, The amorphous
natural oxide layers upon silicon surfaces are grown usually at the ambieat
aunosphere, This may mask the silicon single crystal, leading to polycrystalline
CdS film. For CdS Glm on mica substrates sharp high-intensity peaks are
observed.

The X-ray resuvlts reveal the crystalline structure for amorphous and

crystalline substrates which agree with the TEM results,

CONCLUSIONS

From the present study we can conclude the follweing :

I- As given from the ED results of the TEM, for TET and EBET the CdS
films dcposited on amorphous substrates (carbon or glass) have
poly¢rystalline bexagonal structure,

2- Films, deposited on crystalline substrates (mica sheets) shows
comparatively larger particle size than those of amocphous substrates.

3-  Thermal annealing of polycrystalling CdS films deposited on amorphous
substrates led to recrystallization of films,
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