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Photoluminescence study of deep levels in CuGaTe , crystals
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A deep photoluminscence band at 0.95 eV was studied in CuGaystals. The shape of this band

did not change with laser power and pshift was detected. This band shifts towards higher energy
with increasing temperature and its shape becomes more asymmetric. The activation energy of this
band wa€+=0.20 eV as measured with thermal quenching. The possible association of the 0.95 eV
band with grain boundaries or dislocations is discussed.1999 American Institute of Physics.
[S0021-897€09)03221-1

In recent years much attention has been given to the As it was shown already in Ref. 2, the typical low-
I-111-VI ,-type ternary compounds having a chalcopyritetemperature edge emission spectrum of CGT includes so-
structure. Among these, CuGaTe€GT)—and all tellurides, calledE bands and th®, band with their phonon replicas,
in fact—have been largely ignored. Therefore, even basiee Fig. 1. At lower energy we detected a new broad PL band
parameters of CGT, such as the band_gap enemy &nd with a peak pOSition at 0.95 eV. The Shape of this band did
its temperature dependence in CGT, were not correctly medlot change with laser power and pshift was detected. Its
sured until recently. The same was true with the low- temperature.dependence _is shown in Fig_. 2. As can be seen,
temperature photoluminescend®L) properties of CGT the band shifts towards h_|gher energy with temperature and
crystals. The first detailed study was only recently publishecp.ecqmes maore asymmetrlc. At hlgher_ temperatures the. rela-
by Krustoket al? In Ref. 2 most of the attention was given tive intensity .O.f the .h|gh-energy S'd? Increases. The Sh'ﬁ. of
to the PL bands near the band-gap enegy It is known the peak position with temperature is quite large, amounting

that these PL bands give information about relatively “shal-tiJ an increase .OfVSO meV when going fronT=15K to T
s =250K, see Fig. 3.
low” defect levels, but there are several indicatidribat

hal : q i also deen” def In order to obtain information about the defect levels
Chalcopyrite compounds contain also “very deep eectresponsible for a particular PL band, the temperature depen-

levels which can be studied using PL spectroscopy. Thesgence of the integrated intensily(T) is often used. Usually,
deep PL bands, having the peak position Bfa<Ey  there are no problems with high-temperature measurements,
—0.4eV, were lately discovered and investigated inpyt sometimes low-temperature measurements are—
CuGaSg and CuIng,* where they showed, curiously, very apparently erroneously—characterized as a thermally acti-
similar properties. Deep PL bands were also found invated process with a well-defined activation energy. In Ref.
CulnGaSe thin films> In the present work we tried to detect 6, however, it was shown that low-temperature quenching
deep PL bands in CuGaJerystals and study their proper-

ties.

CGT single crystals were grown by the vertical Bridg- 160 095 oV band
man technique. All details of the crystal growth and charac- - '
terization can be found in Ref. 2. For the PL measurements 4r
reported here, a He—Cd laser with a wavelength of 441 nm 12
was used for excitation. The samples were mounted inside a I
closed-cycle He cryostatT=8—-300K). The PL spectra
were recorded with a computer-controlled SPM-2 grating
monochromator {=0.4m). The chopped signal was de-
tected with an InGaAs detector, or with a photomultiplier
tube with S1 characteristics for the edge emission region,
using a conventional lock-in technique. The emission spectra
were corrected for grating efficiency variations and for the
spectral response of the detectors. E (eV)

PL intensity (a.u.)
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FIG. 1. Typical low-temperature PL spectrum of CuGa@eystal. The edge
3E|ectronic mail: krustok@cc.ttu.ee emission region and the deep region were measured with different detectors.
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FIG. 4. Temperature dependence of integrated intensity of the 0.95 eV PL
band. The continuous curve shows the result of parameter fitting t6LEQ.
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FIG. 2. Normalized PL spectra of the 0.95 eV band of the CuGaTystal, dggp PL bands, in CUIQS_and C_UGaS‘e Therefore, it is
shown as a function of temperaturB=< 15— 250 K). Disruptive water vapor d|ff|CU|t. to explain the origin .Of th|5 deep.PL band. However,
absorption is indicated with an arrow. we believe that the recombination causing the 0.95 eV band
originates from the defects which are segregated near the
o . rain boundaries or dislocations, i.e., in the places within the
may not really be a thermal activation process, instea ample where the conduction- and valence-band edges are
cauged by the temperature dep_end_ence of the Capt“fe CIofrved due to a space charge. It is suggested that this kind of
sections of a particular recombination center. According 1% ecombination gives rise to the so-calEdands in CdT&:?
this theory, the temperature dependence of the integral intett\-he spatially curved energy gap creates a situation where

sity Is defect levels within the gap are also curved, spatially, and

D, thus the defect energy level becomes a function of the dis-
O(T)= E, (D tanceR from the dislocation or a grain boundary, see Fig. 5.
1+c, T3+ 02T3’2exp{ - k_T) In this space charge region electrons and holes are also spa-

tially separated, and the emitted photon energy, due to e—h
In the present work, Eql) was used to fit the measured recombination, becomes a strong functiorRofTherefore, it
temperature dependence of the 0.95 eV PL band integrad possible that at low temperature free carriers cannot move
intensity, see Fig. 4. The fitting parameters thus obtained arelose to this region. To fill the states close to the space
as follows: ®,=17.1; ¢;=0.002K 1% ¢,=219.0K 15
andE;=0.20+0.01eV. These results indicate that the 0.95
eV PL band is, indeed, associated with a relative deep defect
level. The observed shift of the peak position with tempera-
ture toward higher energies proves that this PL band is not
caused by electron—hole recombination including free-band
states. Also, this shift cannot be explained by the simple
deep donor—deep acceptor pair model as was done for the
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FIG. 3. Temperature dependence of the peak position of the 0.95 eV PEIG. 5. Energy-band structure near a space charge redistocation or
band and the band-gap energy (Refs. 1 and Rin CuGaTg. grain boundaryin CuGaTe.
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