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Oxygenated ainorphous cadmiun~ telluride (a-CdTe:O) films were thermal annealed. The 
behavior of the fil111 properties for different oxygen contents in the as-grown sainples and 
with different annealing temperatures were studied. The  oxygen content in the as-grown film 
Setermines the crystalline structure of the annealed material. The  structural changes from 
,tmorphous to a inixture of crystalline structures can be observed as the electronic transitions 
in the absorption coefficient, wl-iicli are due to  either both Cdilè and CdTe03 or CdTe03 
; ~ n d  CdTezOs. The structure of the a.ilnealed samples is studied by X-ray diffraction, and 
tlie size of the crystallites a.rc calculated froin tlie Scherrer formula. Tlle thermal annealing 
of tlie films in a Aow of inert gas cai1 be assuined as ai1 equilibrium process, therefore the 
(32-Te0 ternary pliase diagram cai1 be used i11 the andysis. 

I. Introduc tio11 

Oxygenat ed amorphous cadmium telluride material 

(a-CdTe:O) lias been the subject of tlie following re- 

cent ~ t u d i e s [ l - ~ ] .  The deposition of an insulating oxide 

thin filin 011 s semiconductor can often have practical 

applications, and here Tve investigate the importante 

of this new material. For exa.mple, thin insulating ox- 

ides of Si and GaAs have been used in metal-i i~sul~tor- 

senicoi~cluctor ( M E )  a.nd seiniconductor-insulator- 

senlicoilcluctor (SIS) j ~ n c t i o i l s [ ~ - ~ ~ ] .  Tlie kinetic of ox- 

idation of c-CdTe and the chemical coinposition of tlie 

oxide have be3n described in ea.rly work, and found to  

bc that of Cdri?eOs [I3]. Meta.1-seinicoilductor (MS) and 

metal-insulatcr-semiconductor (MIS) junctioiis were 

fahricated usi-lg the therinal oxide CdTeOs [I4]. The 

possibility of ~ s i n g  a similar material grown by some 

deposition tecinique instead of the thermal oxidation 

can increase tlie potential of applica.tions. I t  lias been 

shorvn t11a.t th. energy gap of the a-CdTe:O films cai1 

be controlled in  the range of 1.5 t,o about 3.3 eV, ancl 

the electrical resistivity from 104 to  10" R-em, by in- 

crea.siilg the oxygen concentration in the film from O to 

60 a t .  % [51. 

Iii order t o  have a deeper understanding of oxy- 

genated amorphous films of CdTe, we have investigated 

tlie optical and the structural changes of samples of this 

material a.fter therinal annealing. 

11. Experimental details 

ViJe lmve worked with a set of three samples of a- 

CdTe:O, ( M l ,  M2 and M3), with three different oxy- 

gen contents. The samples were ~ r e p a r e d  on Corning 

glass 7059 by a reactive RF sputtering deposition tech- 

nique iil a controlled N-O-Ar plasma[1]. The total gas 

pressure wa.s 1.0 x 10-' Torr for each growth. The  

oxygen partia1 pressures were 1.0 x I O - ~ ,  2.0 X 10-4 

and 5.0 x 10-4 Torr for the M1, M2 and M3 sam- 

ples, respectively. The contents of Cd, Te and O of 

each sarnple are showed in Table I, which were obtained 

by Auger electron spectroscopy (AES) using the Wang 
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Table 1: AES measurements obtained froin the set of 
as-grown a-CdTe:O sarnples studied. 

SAMPLE at. % o f C d  at.  % o f T e  at.  % o f O  
M1 33 34 3 3 

seil~ibilities['~)". X-ray diffraction patterns showed the 

as-grown samples to be amorplious. 

The films were thermally aiinealed a t  150, 300 and 

500°C in an inert argon atmosphere. One different piece 

of each sample was annealed at each temperature. The 

annealed samples were analyzed by X-ray diffraction 

and optical transniission. X-ray diffraction pa,tterns i 2 3 4 

were obtained using a D500 SIEMENS diffiactometer Energy (ev) 

111. Exper imenta l  resiilts 

Fig. 1 shows the absorption spectra obtained from 

sample M 1  as-grown, and therinally aniiealed (300 and 

500°C) samples. The low intensity harmonic features 

are optical interferentes. The spectrum of the as-grown mo 

sample shows a slight shoulder at about 2.3 eV, growiiig 

to  a maximum near 3.0 eV. The sample annealed at 

300°C has lower absorption in the rniddle portion than 

the as-grown sample. Near 3.0 eV, the curve grows 

faster than as-grown sanlple. After annealing at 500°C, 

tlie absorption shows a clear change near 1.5 eV, which 

is magnified in the inset of the Fig. 1, and may be due 

to the formation of CdTe crystallites in the film 

The spectra corresponding to M2 samples, the as- 

grown and the annealed at 300 and 500°C, are shown in 1 2 3 4 5 
Fig. 2. A11 curves peak near 4.0 eV The as-grown and Energy (ev) 

500°C is similar to c - 6 d ~ e  at high energies. ~ h e  inset shows 
in Fig' The sa in~le  at 5000C the aúsorption in tlie of the CdTe energy bandgap. 

shows an absorption shape different than the other sam- 

ples. At low energy in the 1.5 eV range there is a little 
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Energy (eV) ze (DEGREES) 
Figure 3. Absorption spectra of a-CdTe:O films, with 66 at. Figure 4. X-ray diffraction spectra of M1 as-grown and for 
% of oxygen, M3 samples: as-grown, and annealed at 300°C 150°C, 300°C and 500°C annealed samples, with 33 at. % 
and 500°C. of oxygen. 

change whilv in tlie 3.3 eV range tliere is a clear shoul- 

der. This sllape may be due to the presence of CdTe 

crystallites, similar to M l .  The inset in Fig. 2 shows 

the mentionvd change of the absorption spectrum. 

The absorption spectra of the M3 sainples are shown 

in Fig. 3. Yhe curves corresponding to as-yrown and 

300°C anneded samples are similar. These absorption 

spectra have low intensity interferentes, and absorption 

peaks nem 4.8 eV. In this figure, the absorption spec- 

trum for the sample annealed at 500°C is different than 

that of c-CdTe. This behavior can be due to the ab- 

sence of CdTr crystallites after thermal annealing. The 

weak absorpí,ion at energies lower than 4.0 eV is due 

to the presence of some crystalline structure with high 

bandgap enex gy. 

X-ray diff raction spectra froin the a-CdTe:O films 

(M1 samples) are shown in Fig. 4 which shows the 

structural evolution of the samples with the anneal- 

ing temperature. The spectrum of tlie glass s.ubstrate 

overlaps tlie diffraction spectra for the as-yrolcn and 

the 150°C arnealed samples. The spectrum for the 

300°C annealed sarnple shows the beginning of crys- 

talline CdTe ;haracter. The material crystallizes like 

CdTe(15-770: Joint Committee on Powder Diffraction 

Standards, JCPDS - 1972), showing a11 the main re- 

flection planes, for the 500°C thermal annealing. F'rom 

these spectra is possible to  obtain an estimation for the 

CdTe crystallite size, by using the Scherrer formula[15], 

which gives an error of about f 10%. The grain size 

obtained after 300°C annealing is 71A1 and 367A after 

the 500°C thermal annealing. 

Fig. 5 shows the X-ray spectra of the as-grown M2 

sample and the M2 samples annealed at 150, 300 and 

500°C. Note that only the highest temperature anneal- 

ing shows crystalline structure. The identified crys- 

talline structure is CdTeOs (22-129: JCPDS - 1972). 

Froin Scherrer formula the CdTeOa estimated grain size 

estimated is: 37A. The CdTe signal is not observed over 

the noise. 

X-ray spectra of the M3 samples, as-yrown and an- 

nealed, a,re shown in Fig. 6. The sample annealed at 

300°C does not show a crystalline signal. The sam- 

ple annealed at 500°C shows a strong diffraction sig- 

na1 identified as CdTe03(20-1301: JCPDS-1972) and 

CdTeaOs(20-169: JCPDS-1972). The grain size of both 

materials are similar in the range of 100A. 
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IV. Discussion and conclusions 

We have presented measurements on annealed a- 

CdTe:O samples with three different oxygen concentra- 

tions. From X-ray diffraction we have found that the 

material crystallizes as CdTe and CdTeOs for the M1 

and M2 sa.niples, and a.s CdTe03 and CdTezOs for the 

M3 sa.mples. Tliese results are in agreement with the 

Cd-Te-O ternary phase equilibriiim diagrams[13]. 

Tlie absorption spectra of the M l  and M2 annealed 

samples a.re dominated by the CdTe material. The as- 

grorvn M1 and M2 samples are amorphous and have 

absorption spectra similar to annealed samples. After 

annealing at 500°C, the M1 and M2 samples have spec- 

tra. quite similar to c - ~ d ~ e [ ~ ~ l ~ ~ l .  One may assume that 
3 0 4 0 60 

the absorption of the amorphous material is dominated ze (DEGREES) 
by low proportions of an~orphous CdTe bonding. The 

Figure 5. X-ray diffraction spectra of sample M2 us-grown 
and for 150°C, 300 and 500°C aniiealerl sarnples, mitli 57 C d T Q  does not affect the spectra because it has an 
at .  % of oxygeii. 

energy bandgap of 4.0 ev[l4]. 

For tlie M3 saimples, the absorption border is shifted 

to higher energies, unlike M1 and M2 samples. The ab- 

sorptrion edge is near the energy bandgap of CdTeO3. 

Aft,er annealing, the absorptiotl spectra have changed 

little. From the X-ray spectra, it appears that an- 

nealed samples at 500°C are a mixture of CdTeO3 and 

CclTez05 crystallites. The crystallized sample has an 

absorption spectrum similar to the amorphous struc- 

ture. We cai1 suppose that the amorphous structure of 

a-CclTe:O, for high oxygen concentrations, is dominated 

by bondiiig like CdTe03 and possibly by CdTe205 

bonding, a,s well. 

150 
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