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Measurement of the optical band gap and crystal-field splitting in wurtzite CdTe
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CdTe nanocrystals embedded in a sodium borosilicate matrix, obtained by a sol-gel process, present a
wurtzite (hexagonal structure. Low-temperature photoluminescence and absorption spectra are measured for
samples containing bulklike nanocrystals large enough to suppress confinement effects. Thus, the fundamental
free-exciton gap and the splitting between f€l'g—T'S) andB (I'y—T'5) excitons of bulk wurtzite CdTe are
measured. We findy=1653+1 meV andE{—E$=46.5+1.0 meV, which corresponds to a crystal-field
splitting A,=71.6+ 1.5 meV.[S0163-1826)04523-7

Intensive studies, during the 1960s and 1970s, allow us to The samples have been prepared by using a sol-gel tech-
know quite well the band-structure parameters of cubimique described elsewheleSodium borosilicate glasses are
(sphalerit¢ CdTe'? As a matter of fact, the usual structure produced by thermal processing of a gel obtained from an
of bulk single crystals of CdTe is zinc blende, at atmosphericaqueous solution of boric acid and sodium metasilicate. The
pressure. However, CdTe can also exist in the hexagonguantities of reactants are such that the final composition of
(WUrtZite) form,3_5 ||ke Othel’ 11-VI SemiCOHdUCIOI’S(CdS, the glass iS 1 Ngj_l and S|Q_1 BZOS' Precursors Of
CdSe, etq, but this phase is metastable: the structure mainly.agmium and tellurium are introduced in the starting solution
depends upon the growth conditiérisubstrate orientation, i the form of cadmium hydroxide and telluric acid? The
partial pressures, temperature, .)?td?or this reason, th's average size of the semiconductor clusters is essentially con-
phase has been essentially identified by x-ray analyses in thﬁjolled by the initial concentrations of precursors. One speci-

epitaxial films. Nevertheless, to our knowledge, SIOeCtro'ficity of this process is its efficiency for the fabrication of
scopic dqta, such as the optical interband gap and the crysta lasses doped with rather “large” nanocrystals with an ex-
field splitting of valence bands, have not been measured yeg.

Now, the wurtzite structure has been recently observed b ellent crystalline quality. In such samples, very small and

Murray, Norris, and Bawen€liby x-ray diffraction on CdTe _ariable blueshiftgof the order of 10 meVYof the excitonic
nanocrystallites. This structure is probably induced by thdines of hexagonal CdS or CdSe have been observed by ab-

specific physical and chemical growth mechanisms, i.e., th&0rption spectroscopy. They testify to the weak confinement
pyrolysis of organometallic reagents by injection into a hotof excitons, typical of crystal radii larger than2 exciton

coordinating solvent. Thus, optical studies of such crystalBohr radii of bulk materials? _
lites may give us the opportunity to measure some near- We demonstrate below that the samples studied here con-

band-gap optical characteristics of wurtzite CdTe. In practain such “very large” nanocrystals of CdTe. Data obtained
tice, for crystals of very small radii—typically smaller than on samples 1-3, the characteristics of which are gathered in
the Bohr radius of excitons in CdTe, i.e-,7 nm—like those Table I, are discussed. It is worth noting that these samples
studied in Ref. 6, the optical particularities of the hexagonahave been obtained from three different molar concentrations
structure are wiped out by the interplay of complex valence0f cadmium precursor: the average radius of the crystallites
band mixings, excitonic effects, and inhomogeneous broads different in each case. _
ening, due to the statistical distribution of crystal si2es.  Figure 1 displays the cw absorption and PL spectra of
These points are already well known in the case of smalfample 1. Instead of the classical single excitonic peak at
CdS and CdSe nanocrystdid® On the other hand, for CdS o .
or CdSe crystallites with radii much larger than the Bohr TABLE I. Characteristics of samples 1, 2, and 3. Absorption
radius and with an adequate crystalline quality, well-PeaksA andB refer, respectively, to tht_a energies qf the maxima of
resolved, slightly blueshifted, excitonic signatures associateH‘ve pecaks. T?ey chrrespond tes Excitons associated with the
with the three upper valence bands of hexagonal CdS dre~ 17 andI'7—T7 interband gaps. FE corresponds to the high-
CdSe have been observed by absorption spectroé’édpy energy shoulder observed in PL spectra: the energy has been deter-
This paper presents absorption and photoluminescené@'neoI by using a numerical fitting procedure.
(PL) spectra obtained al=2 K on sodium borosilicate Sample Initial molar Absorption  Absorption PL peak

glasses containing “large” CdTe crystallites, obtained by a .
sol-gel proceduré? These data show two well-resolved, re- concentration of Cd peak (eV) peakB (eV) FE (eV)

producible, contributions that we assign to excitonic transi-1 4x1074 1.6520 1.6988 1.6537
tions related to th&'y—TI'S andI'y—TI'$ optical band gaps of 2 2x10°4 1.6518 1.6982 1.6538
wurtzite CdTe. These allow us to derive the crystal-field3 1x10°1 1.6514 1.6981 1.6528

splitting A, of this material.

0163-1829/96/5@3)/1544Q3)/$10.00 53 15 440 © 1996 The American Physical Society



53 BRIEF REPORTS 15441

strain effects on cubic CdTe: the clear-cut splitting of the
A andB peaks could be assigned to someal strain. How-
ever, it is easy to show that, for cubic CdTe, the particular
values of deformation potentials( b, andd) and of elastic
constants 1, Sy, andS,,) are such that any kind of axial
strain provokes aedshift of the optical band gap. This is
totally inconsistent with the present blueshift.

Thus, our observations indicate that samples 1-3 contain
bulklike CdTe nanocrystals with a wurtzite structure, since
their spectra are very similar to those obtained for such large
crystallites of wurtzite CdS and Cd8élhen, the excitonic
gap of wurtzite CdTe, aff=2 K, can be estimated as
1653-1 meV; the splittingE; between thd’g andI'y va-
T=2K lence bands'®is estimated a&;=46.5+1.0 meV.

These results are in good agreement with the most recent
1.4 1.6 1.8 2.0 band-structure calculations of 11-VI compounds in both zinc-
PHOTON ENERGY (V) blende and wurtzite configurations, performed by Zakharov
FIG. 1. Photoluminescence and absorption spectra of sample 16t al-° by using the local-density approximation method,
corrected by theGW approximation. In these calculations,
~1596 meV(Ref. 1), characteristic of cubic CdTe, the ab- the spin of electrons is not included: they provide directly the
sorption spectrum shows two narrow features. Pediles at ~ So-called crystal-field splitting, of the I triply degener-
1652.0 meV, while peal lies at 1698.8 meV. Moreover, ate valence band of the zinc-blende phase intolth,y)
peakA corresponds almost exactly to the high-energy shoulfundamental doublet and th&(2) singlet:*® of the wurtzite
der of the PL spectrum, as shown by a dashed line in Fig. 1Phase. The calculatesi, for CdS, CdSe, and CdTe are 0.06,
This shoulder is thus readily assigned to the free excito.05, and 0.08 eV, respectively. In practice, due to spin-orbit
(FE) line, measured at 1653.7 meV, to be compared to th€oupling effects, optical measurements rather provide the
FE line in cubic CdTe: 1596.1 meYRef. 14. In fact, the above-mentionedt; splitting, which is related ta, by"*®
general shape of this PL spectrum is quite comparable to that
usually observed for bulk cubic CdTe of good quality, except o 1 2 U2
for the energies of the various contributions: the FE line, a E1=(2)(Asot Ae) = (2)[(Asot Ae)™~ BAsoAG/3]™,
set of defect-bound excitolfs(BE), between 1.59 and 1.64 (1)
eV, and an impurity-related bafftf® (IB), between~1.40 _ _ o ,
and ~1.56 eV. This “bulklike” shape of the PL spectrum WhereéAspis the spin-orbit splitting between the; (J=3)
and the sharpness of absorption features are very strong iﬁmdam&antgl doubleglight- and heavy-hole bangsnd the
dications of quasibulk nanocrystals, i.e., extremely small 7 (J=2) singlet(split-off band, in the zinc-blende mate-
confinement effects. rial. From the values of this parameter taken from the

Indeed, simple effective-mass calculations, assuming pa{Lterature?O the above values od,, and by using Eq(1),
rameters of cubic CdTe, show that the present blueshift ofne gets the following, values for CdS, CdSe, and CdTe,
the absorption onset{56 meV) would be compatible with respectively: 0.02, 0.03, anq 0.05 eV. T_hese theor_et_lcal re-
an average radius of the nanocrystals~65 nm, which is sults are to be.compared W|th the expenmen'tal splittings of
smaller than the effective Bohr radius in CdTe. In such casedh€A andB excitons: 13 meV in CdS, 25 meV in Cd&Ref.
it is well known that absorption spectra should be much?®. and the present measurement of 46.5 meV in CdTe. The
broader, due to valence-band mixings and to the substantigverall agreement is very good, especially considering the
effect of the statistical distribution of crystal sizes. In addi-usual accuracy of band-structure calculations and the fact
tion, for such small crystals, the near-band-gap PL spectrurffat they do not account for excitonic effects. In addition,
would be rather made of a single broad péakcorrespond- Zakharovet al*® have also fOL_Jnd that the fundamental opti-
ing to the inhomogeneous broadening of the line of the inc@l gap of hexagonal CdTe is larger than that of the cubic
trinsic, confined, free exciton. Extrinsic lines related toPhase by~0.04 eV(without spin-orbit coupling or excitonic
“classical” acceptors and donors would disappear, or be recontributiong. _Th|§ agrees qualitatively Wlt_h the blueshift of
placed by bands, related to states localized at the surface 6f26 meV, which is measured here. By using EQ, and the
the crystallites, lying at quite lower energy than the presentvell-known value ofAsq in cubic CdTe[927 meV(Ref. 1],

IB and BE features. Moreover, from our previous studies, weVe can thus propose the following value for the crystal-field
know that the average radius of the crystallites is very sensplitting in wurtzite CdTeA,=71.6-1.5 meV.

sitive to the initial concentration of cadmium precursor. [N summary, we have seized the opportunity, offered by
Now, as shown in Table I, samples 1-3 show almost identithe specificities of nanocrystalline growth, to measure low-
cal optical features, in spite of their different conditions of temperature PL and absorption spectra of good-quality CdTe
preparation. This is again in favor of bulklike crystallites, thein its wurtzite form. We find that the fundamental free-
spectra of which are almost insensitive to their average siz&€Xciton gap is 16531 meV in this material. We also mea-

The above remarks allow us to conclude quite safely thasure a splitting between theslexcitonsA (T'g—T'7) andB
the observed blueshift of 56 meV of the optical gap is not (I'y—T'%) of 46.5+ 1.0 meV, which corresponds to a crystal-
due to quantum confinement. By the way, we also excluddield splitting A, =71.6+1.5 meV.
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