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The opportunities for synthesis of cadmium tdluride (CdTe) semiconductor films by annealing of the
cadmium (Cd) metdlic films on glass subgtrates in the tellurium (Te) vapors were studied. The experiment of
annealing-tellurisation (tellurium transfer to the plate with cadmium and expected CdTe synthesis) was preceded
by theoretical analysis of partid pressures of the Te vapour above the Tey,, the Cd above the Cdy,, the Te above
the CdTey,, the Cd above the CdTey, for the case of congruent sublimation and by the choice of thermal
annealing conditions from the results of conducted analysis.

With the use of the scanning electronic microscope the surface morphology of the initial Cd films and
annealed films were investigated, and quantitative composition was determined from spectra of the characteristic

X-ray radiation. Optical properties wereinvestigated.
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. Filmsfabrication

The cadmium telluride (CdTe) is till one of the most
promisng semiconductor materials for photovoltaic
applications [1, 2]. Necessity of declinein prices of solar
cells and increase of ther areas set the problem of
subsequent search for effective methods of high-quality
film fabrication. The fabrication of semiconductor films
of cadmium telluride (CdTe) by anneding of the
cadmium (Cd) metallic filmsin the tellurium (Te) vapor
was the purpose of this research. Technologica
experiment was preceded by the theoretica analysis of
vapor partial pressure for the tellurium above the solid
tellurium, the cadmium above the solid cadmium [3], the
tellurium above the solid CdTe [4], and calculated vapor
pressure of the cadmium above solid CdTe for congruent
sublimation conditions. Fig. 1 presents temperature
dependence of vapor partial pressurefor components.

The Cd films were deposited on optically uniform
glass substrates (75x26x2mm) by therma vacuum
deposition, P = 510° Pa. The substrates were pretreated
by etching from 3 to 5 min in HF, aqueous solution. The
glass substrates were heated to ~ 150 + 200 °C directly
before the Cd deposition for better film adhesion. The
high purity Cd was used for thin <1 pm uniform film
deposition. The tdlurisation (tellurium transfer to the
plate with cadmium and expected CdTe synthesis) was
conducted in a sealed quartz ampoule in an oven with
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two temperature areas: the Te sources and plates with Cd
(deposition area). The ampoule was placed in the oven
with the dationary therma mode. The temperature
gradient between the source t;=290+320°C and
deposition area t,=240+260°C was in range
At=40+60°C. The average process of telurisation
lasted 6 hours.

The physica properties (surface morphology,
guantitative composition, within accuracy to 2 %) of the
initial Cd metallic films and films fabricated by
tellurisation, were investigated by the eectronic
microscope (SEM-102-02, SELMI, Ukraine).

The optical transmission measurements have been
done at room temperature with unpolarized light at
normal incidence in the wavelength range from 300 to
1000 nm using MDR-23 spectrophotometer. The optical
absorption coefficient o was calculated for each film
using the equation

Iy = I0 exp(- at)
wheret is the film thickness, I; and |, are the intensity of
trangmitted light and initia light, respectively. The
absorption coefficient o is related to the incident photon
energy hv as:
n/2
axin = A(m - Eg)
where A is a constant dependent on eectron and hole
effective mass and interband transition, Eg is the optical
band gap, and nis equal to 1 for direct band gap materia
such as CdTe. The band gap Eg was determined for each
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Fig. 1. Temperature dependence of components vapor partia pressure for tellurium above solid tellurium
( PTEG ), cadmium above solid cadmium ( F’Ccdd ), tellurium above solid CdTe ( PCTC‘fTe) congruent sublimation, and

calcul ated vapor pressure of cadmium above solid CdTe ( Pccdc.’re) for congruent sublimation.

film by plotting (ahv)® vs hv and then extrapolating the
straight lineto the energy axis.

II. Physical properties of fabricated
films

The Cd film changed color from characterigtic
metallic to dark brown after anneding in tellurium
vapour i.e. tellurisation. The trangparence of tellurised
Cd film increased in comparison to initidd one. The
transparence increase is conditioned by partial Cd film
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vaporization and film thickness decrease.

The Cd/glass sample EDS analysis showed absence
of any impuritiesin the cadmium film, the oxygen in that
number (seefig. 2). The film surfaceis uniformly packed
by Cd granule as shown in fig. 3. The silicium from glass
substrate absence in the case of microscope accelerating
voltage 20 kV indicates that Cd film thicknessis> 1 um.
The specimen volume anadlyzed by EDS at 20kV
microscope accelerating voltage is 1x1x1um. The
attempt to receive tellurised film surface SEM image
failured. It is caused by tellurised film eectrisation and
substantia rapid growth of sheet resistance and it is not
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Fig. 2. Thethermally deposited Cd film EDS spectrum. REMMA-102-02 microscope (SELMI, Ukraine).
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Fig. 3. Thethermally deposited Cd film SEM image, 20 kV accel erating voltage, 2000 times magnification,
received by means of REMMA-102-02 microscope (SELMI, Ukraine)
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Fig. 4. Thetellurised Cd film EDS spectrum

Tablel
Experiments result
a b
Cdnas 12,94 10,15 22,68 38,06 61,84
T€rmas 23,51 17,35 9,77 5,89 3,37
Cd 0,44 0,369 0,7 0,866 0,948
Te 0,56 0,631 0,3 0,134 0,052
Cd1T€p63-056 CdyT€p3:005
source
Cd 44,20 0,433
Te 57,82 0,567

possible to receive SEM image in high vacuum mode.

This circumstance gives

indirect evidence that

composition of tellurised film has changed in comparison

toinitial one.
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The tellurised sample EDS anaysis was carried out
in the low vacuum mode It confirms the film
composition change and film thickness decrease (fig. 4).
In paticular Cd (12,94%) and Te (23,51%) were
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Fig. 5. Thetellurised Cd film optical trangparence in absorption edge region

determined in the film that confirms success of
tellurisation. S (44,07 %) and Na (19,49 %) as basic
elements of the glass substrate were obviousy observed
in the spectrum. Decrease of film thickness is
conditioned by the Cd partial evaporation in the process
of tellurisation. Comparison of the Te and Cd amount
shows the CdTe stoichiometry deviation. The Te partia
pressure was too high for fabrication of stoichiometric
CdTe semiconductor films. The temperature of the Te
source determines the Te amount in fabricated CdTe film
(see table 1). From sequential experiments result we can
define the condition for deposition of stoichiometric
CdTe semiconductor films. The Te source EDS analysis
was carried out after tellurisation. The Cd reverse
transport has not take place in firsd experiment (see
table 1).

For identification of the CdTe compound in
tellurisation film the spectral distribution of optical
transparence was carried out. The region of fundamental
absorption was observed in transparence spectra
Absorption coefficient in the fundamental absorption
area for all CdTe samples was 10°cm™ in order to
magnitude. The transparence spectra of samples (Fig. 5.)
clearly shows the existence of the CdTe compoundsin all
films. Spectral dependence of CdTe films absorption in
the coordinates (a*hn)? vs hn demonstrate the presence
of fundamenta absorption edge, localized in the region
1,45¢eV. The calculated band gaps of the films are in

[1]

[2]
[3]
[4]
(5]

Application 20(12), (2012).
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good agreement with the reported values of the
monocrystalline CdTe [5] and correspond to the direct
allowed band transition. We do not observe a straight-
line behaviour on graphs of (ahv)®® vs hv (direct
forbidden), (ahv)Y? vs hv (indirect allowed) (ahv)”® vs hv
(indirect forbidden). These plots (not shown) reveal that
the type of transition is neither direct forbidden nor
indirect.

Conclusions

Physical and chemica grounds for the tellurisation
method — new technology of CdTe film fabrication were
established. The films composition stoichiometry
deviation tailoring by telurisation initid was
demonstrated. The optical properties of fabricated CdTe
semiconductor films correspond to bulk one and indicate
possihility of photovoltaic application.
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BuBueHi MOXIJIMBOCTI CHHTE3y HaIliBIPOBIAHMKOBHX IUIBOK Tenypuay kaamiro (CdTe) 3a moromororo
Biamany B mapax tenypy (T€) muriBok meramiunoro kaamiro (Cd) Ha ckisHuMX mifkiaakax. EkCrepuMeHTy
TelnypusaiiliiiHoro Bimmany (Tenyp NEepeHOCUThCS Ha IUIACTHHM 3 KaaMieM 1 ouikyBaHuil cunTe3 CdT€)
TepelyBaB TEOPETHIHMI aHali3 NapIiatbHUX TUCKIB Hapu T€ Hal Tepepmmi Cd Han Clrpepmn T€ Han CAT € pep ity
Cd nan CAT€pepi U1 BUNAIKY KOHTPYEHTHOI CyOiMalii i 3a JOIOMOroro BHOOPY TEIIOBOrO PEXMUMY Binamy
3 aHaJli3y pPe3y/bTaTiB.

BHKOPHCTOBYIOUM CKaHYIOUMH eJIeKTpoHHHH Mikpockon SEM-102-02 (Cenmi, YkpaiHa) KOCHIIKEHO
Mopdororii moBepxoHp BUXiAHUX IiBok Cd i BiAnaleHUX UIBOK; BU3HAYCHHI KiJBbKICHHN CKIIaJ 31 CIIEKTPiB
XapaKTepUCTHYHOTO PEHTT'€HIBCHKOT'O BUIIPOMiHIOBAHHSI.
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