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Polycrystalline thin films of CdTe—In were grown by the close-spaced vapor transport technique
combined with free evaporation of In. The indium concentration in the samples increased according
to the rise in temperature of the In source. X-ray diffraction analysis allowed us to identify the CdTe
(a) phase in all samples, together with the Cdley, (8) phase in the samples grown at the highest
temperatures of the In source. Auger electron spectroscopy was used to quantify the chemical
composition of the films. The sensitivity factors were calculated assuming that the solid solution
(CdTe,_,(In,Tey), was formed. For samples of low In concentration, the lattice parameter
decreased linearly with the molar percent ofTle; in CdTe. This behavior corroborated the
presence of the solid solution. ®00 American Vacuum Socief$s0734-210000)01902-3

[. INTRODUCTION hours. In all cases these compounds were fabricated in the
' ' _ form of ingots.
The pseudobinary system CdTezTe; is of interest The close-spaced vapor transport technique combined

since all compounds formed by mixing CdTe angTie; are  with free evaporatioiCSVT-FB was used for doping semi-
semiconductor$.O’Kaneet al? report semiconducting prop-  conductor thin film$:° This technique is an auxiliary evapo-
erties of these compounds which were verified by electricatation source of dopant in conjunction with CSVT. The at-
conductivity measurements. Particularly, the ternary comoms of the evaporated dopant into the CSVT deposition
pound CdInTe,, which is ap-type semiconductémwith in-  chamber are introduced by a threaded hole in the center of
direct band gap* has recently been regarded as a potentiathe graphite source block. A source boat for dopant evapo-
electro-optical material for applications in the infrared ration is below this smaller hole. Castbal >'°applied it to
region? grow indium doped CdTe films. However a high In content
The phase diagram of the CdTeTie; system has been did not meaningfully improve the electrical properties, there-
described by Thomassest al? In this system, ther and 8 fore it was necessary to study the formation of compounds as
phases are the compounds CdTe and ¢y respectively.  a possible cause of this behavior.
The CdTe has a zincblende structure with lattice parameter The aim of this work is to show the formation of the solid
a=6.481 A ora=6.488 A> As In,Te; is added to the solid solution (CdTe);,_,(In,Tey), and the ternary compound
solution, the lattice parameter is decreasethe ternary CdIn,Te, in the CdTe—In polycrystalline films obtained by
compound CdlgTe, has tetragonal structure with=c/2  CSVT-FE developed by Castet al**°
=6.23 A(Ref. 3 and it has been found by Riedat al.” that
it belongs to thd 42m space group. Il. EXPERIMENT

Single crystals of thew-CdTe andg-Cdin,Te, phases
have been obtained from high-purity elements, Cd, In and Te The samples were prepared by CSVT-FE at a base pres-

5 .
by different methods. Iwamufahas produced them by the S4'¢ of 10 Torr. The raw maten_als were CdTe powd_er
B¥idg;man method B—C;\I/nzTe has pbeeg grown by )f]ean 99.99 at. % and In 99.999 at. % purity from Balzers. Corning
et al>* using the éridgman—gtockbarger method. Thomas- 229 glass slides were used as substrates. The CdTe source

senet al® described a method where stoichiometric amountéenmer"’ltureTCdTe was maintained at 600°C during the

of the elements were weighed and sealed into clear fusegirOWth procedure, while the In source temperaflifewas

silica ampoules evacuated to a pressure below*IDorr. van;ad t'b etwger;hSO(];).la%dT?hSO tC to acthleve fdltfr:erentblr][ c?n-
Thereafter, the fusions were carried out through a pro-Cen rations in the 1ims. the temperature of the substrate

rammed nonlinear heating cycle over a period of severaTSUbWaS ﬁxed a.t 400°C. . .
g 9oy P X-ray diffraction (XRD) analysis was used to recognize
dAuthor to whom correspondence should be addressed; electronic mai]::he structural phases, and Ob.tam the. lattice paramete_rs. X-ray
led@ff.oc.uh.cu diffractograms were made with a Siemens D5000 diffracto-

In postdoctoral stay in CCMC-UNAM. meter, using the GG« , radiation withA=1.5405 A.
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Fic. 1. XRD measurements of the films of the CdTe—(&: T,,=500 °C,

(b) T, =750 °C Fic. 2. Sensitivity factors of In and Te from each film.
In™ .

Auger electron spectroscopfAES) analysis was per- 4 golid solution of(CdTe);_,(In,Tey), exists as reported by
formed in a Perkin-Elmer PHI 560/ESCA-SAM system Thomasseret al® The resultant linear fit is as follows:

equipped with a double-pass cylindrical mirror analyzer,
with a base pressure of approximately 20°° Torr. A 3 M gaic=647.5-99.8%; M <5, (1)
keV electron beam with a typical 042A current incident at
45° to the surface normal was used. Prior cleaning of thavhereM . is the mol % InTe; in CdTe in the solid solu-
surface was done with Arsputtering with a beam energy of tion. M, for each sample was calculated by inserting the
4 keV and beam current of 0.38A/cm?, yielding a sputter-  |attice parameter value for each one in expression The
ing rate of about 8—10 nm/min. lattice parameter was obtained from the XRD patterns con-
sidering a zincblende structure for CdTe.
The atomic concentration of Cd, In, and Te for each
lll. RESULTS AND DISCUSSION sample was calculated fronM,.. These values, thus
Figure 1 shows XRD patterns of two polycrystalline films achieved, together with the Auger spectra, allowed us to ob-
corresponding to different In contents, whoBg were 500 tain the sensitivity factor of the In and Te, presuming that the
and 750 °C, respectively. Figurg(dl represents the XRD sensitivity factor for Cd was equal to the unit.
spectrum of thex phase. Figure (b) shows the correspond- If we take into account that there is no change in the
ing peaks ofa phase, which are accompanied by a precipi-chemical environment, that the analyzers used for all spectra
tate recognized ag phase. Thex-phase peaks of Fig.(l  have the same resolution, and that for all cases the same
have a shift toward greater Bragg angles with respect to thenodulation is used, then the sensitivity factors for each ele-
a-phase peaks of Fig.(4). ment must have the same value in the different saniples.
As a result, the XRD patterns allowed us to demonstratd he first restriction is perfectly valid because the peak shapes
the existence of CdTe and Cdlre, compounds. The latter in the Auger spectra are the same for all filh§.he second
appears together with the phase at In source temperaturesand third restrictions are satisfied because the Auger spectra
of 750 °C. In addition, a shift of peak for thephase toward were obtained in the same experimental setup. Consequently,
greater Bragg angles was observed, which indicated that the sensitivity factor of In and Te made it possible to distin-
lattice parameter changes with In content. guish the film where the solid solution was present as a
The behavior observed in the diffractograms establishesingle phase.
that the current phases in these films can be described by the The sensitivity factors of In and Te with respect to the In
system CdTe—WTe;. For this reason, the variation of the source temperature for each film are represented in Fig. 2. In
lattice parameter with the mol % Jihe; in CdTe of these it, it can be verified that the sensitivity factor for both com-
films and Vegard's law of the solid solution of Jfe; in pounds remains constant in the grown films withr g of
CdTe were necessary to compare them. The relationship b&25-575 °C, meaning that the calculated atomic concentra-
tween the lattice parameter and the mol %Tk in CdTe  tion is correct and, the chemical composition of the films is
was found through Vegard's law of the solid solution of the solid solution of theCdTe;_,(In,Te;), type. On the
In,Te; in CdsTe, reported by Thomasseat al®>® Conse-  other hand, it can be observed that the rest of the samples
quently, the dependence of the lattice parameter as a functidrave different values of the sensitivity factor for both ele-
of the mol % InTe; in CdTe was obtained. The analysis of ments. This behavior indicates that the calculated atomic
this curve led us to conclude that the lattice parameter variesoncentration is not appropriate and therefore it couldn’t be
in a linear manner according to Vegard’'s law for valuesconfirmed that the solid solution is an only phase in those
lower than 5 mol % lgTe; in CdTe. This result confirms that films.
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6.50 ot IV. CONCLUSIONS
E The use of both techniques, XRD measurements and
6.45E AES, allowed us to demonstrate that in polycrystalline films
e i of CdTe—In grown by CSVT-FE there are compounds of the
St : . .
2 525 6.4726) pseudobinary diagram CdTe-lre;.
E a0 e 232322 With the help of XRD measurements it was possible to
’g_ ; 600 6.447(3) - determine the current phases present in the films and to ob-
8 _ pr tain the lattice parameter dependence on the In content. The
3 635L 725 638909) behavior sensitivity factor for each film made it possible to
= ; 750 6336) 5 - determinate the presence of@dTe; ,(In,Te;), type solid
: solution. The relationship between the lattice parameter and
6.30 bttty o . the mol % is linear for values between 1.50% and 3.29% mol
0 1 2 3 4 510 20 30 40 50 In,Te; in CdTe. The behavior for more than 5 mol %Tie;
MOL% In_Te_ in CdTe in CdTe is different due to the formation of the Cgllie,

precipitates.
The technique CSVT-FE must be used carefully for dop-
ing semiconductor thin films because In is consumed by for-

The appropriated value of the atomic concentration of Cd,matlon of the compounds of the CdTezTe; system.

In, and Te as well as the mol % Jhe; in CdTe for each
sample was found using the sensitivity factors of In and Te
corresponding to the films of the soI_id solutio_n. Figu_re 3ACKNOWLEDGMENTS
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