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Temperature dependence and bowing of the bandgap in ZnSe  ;_,0,
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We investigated the temperature dependence of the bandgap of untreated and hydrogen-irradiated
ZnSq _,0, (x=0.23%-0.90%) alloys by photoluminescence from10 K to room temperature.

The variation of the bandgap energy withis similar to that of ZnSe, and does not depend on the
oxygen concentration. This indicates that oxygen incorporation in ZnSe does not lead to the carrier
localization observed for nitrogen incorporation in GaAs and GaP. Correspondingly, no interaction
between hydrogen and oxygen is observed in hydrogenated,ZgSe © 2004 American
Institute of Physics.[DOI: 10.1063/1.1719274

In semiconductor compounds, the substitution of isovax=0.90%, in contrast with the strong dependence on N con-
lent elements having a large electronegativity and size miseentration observed in Gafs/N, and Gali’,yNy.SJ*8 A
match with respect to the replaced atoms leads to strontack of localization in the band-gap edges of ZpS@®,
nonlinear effects in the electronic properties of the host crysupon O insertion can account for these differences.
tal. A well-known case is that of nitrogen substituting the  ZnSg _,O, layers were grown at 350 °C by MBE on an
group V atom in GaAs and GaRndeed, an anomalous giant undoped (001) GaAs substrate(the thickness of the
decrease in the host band gap with increasing N concentr@&nSe _,O, films ranges from 600 to 700 nmA 100-nm-
tion is observeti® along with a slowdown in the response of thick ZnSe buffer layer was grown between the GaAs sub-
the band gap to hydrostatic pressutéand temperature®  strate and the Zn$e,O, layers. The oxygen concentration
variations. These effects have been rationalized by a bang x=0.23%, 0.57%, and 0.90%, as determined by x-ray dif-
anticrossing(BAC) between a single N level and the ex- fraction. Further details can be found in Ref. 10. All samples
tended states of the conduction ba@B) of the hos A have been hydrogenated at 300 °C by a low-energy ion gun
more comprehensive theory explains the abovementioned efbeam energy-100 e\).>*>** The PL signal was excited by
fects by a mixing between localized levels due to N clustershe 350—360 nm lines of an Araser, spectrally analyzed by
and N perturbed CB statésn both models the isoelectronic g singe 1 m monochromator and collected by a GaAs pho-
impurity induces a real-space localization of the CB statestomultiplier.

On the side of the II-VI compounds, an interesting case is  Figure 1 shows the PL spectra®t10 K of ZnSg_,0O,
represented by O in ZnSe. Besides its technological re|epi|ayers «=0.23% and 0.90% both untreated(dashed
evance, this material system may represent an important tefites) and hydrogenatettontinuous lines In the untreated
bed for the applicability to other compound families of the material several recombination bands can be observed. With
models developed for explaining the properties ofNFV increasingx, these bands shift to lower energy in agreement
alloys. Very recently, ZnSe,O, alloys having with the O-induced band-gap reduction reported
x=(0.35%—1.3% have been successfully grown by molecu- previously!®!* The assignment of each band is indicated in
lar beam epitaxy(MBE) in spite of the limited solubility of  the figure and is based on laser power and temperature stud-
O in 1I-VI compounds® A large band-gap bowirtf and a  jes not detailed here. D—A indicates a recombination due to a
reduced pressure coefficiehthave been reported and ex- donor—acceptor pair, BE indicates a bound exciton recombi-
plained successfully in the framework of the BAC motfel. nation and the band indicated by LE is due to recombination
The photoluminescend®L) properties of ZnSe Oy inthe  of excitons localized on potential minima induced by com-
very dilute limit (x=0.001%) were previously described by positional disorder as usually found in semiconductor
Akimoto et al'® who suggested that the electronic structureg|ioys® Free exciton recombination can be observed for
of oxygen in ZnSe differs from that of nitrogen in GaAs and T>50 K once localized excitons are thermally ionizege
GaP. In this letter, we report on a PL study of t_he temperaturgig ). Hydrogen irradiatior(see continuous lines in Fig) 1
dependence of the band gap of ZpS@, epilayers both  jeads to an apparent passivation of the impurity responsible
untreated and irradiated with atomic hydrogen. Hydrogeror the BE recombination band. Due to the strong interaction
does not affect the band gap of ZnSgO, contrary to what  petween N and H in ZnSE:*6 we argue that the BE band
was preV'OﬂSW observed in J8a,_,As; N, (Ref. 13 and  qginates from nitrogen acceptors. The D—A pair recombi-
GaR N, .™ Moreover, the temperature dependence of th,asion is affected by H to a smaller extent, thus indicating
ZnSe band gap does not depend on O incorporation, Up i@yat the acceptor involved in the D—A pair is not nitrogen.
Most importantly, the band gap of ZnsSgO, is not influ-
3Electronic mail: polimeni@romal.infn.it enced by H since the energy position of each band, as well as
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conduction and/or valence band edges of 4n$@, can
T=10K lead to an ineffective interaction between O and H atoms.
— hydrogenated . / The localized character of an interband transition can be
"""" untreated / inferred by the temperature dependence of its energy. In par-
‘BE ticular, the thermal variation of the band g&,, of a crystal

is given by

ZnSeHOx /

dEy

- ' aEg
x=0.90% aT

aT

(aEg)
I+ ﬁ eI—ph' (1)

The first term on the right-hand side of E@G) is due to the
lattice thermal expansion and the second term is due to the
electron—phonon interaction. Debye—Waller and self-energy
terms contribute todEy/dT)ei_pn and give rise to a shift of
the gap to lower and higher energies, respectively, with in-
creasing temperaturé*® Following Ref. 18, a sizable can-
cellation of the Debye—Waller and self-energy contributions
occurs for energy levels with wave functions strongly local-
. ized in real space. In this limit, neighboring orbitals overlap
Energy (¢V) negligibly and ¢E4/dT)e_pn tends to zero as found in
FIG. 1. T=10 K photoluminescenddL) spectra of untreate@ashed lines GaASl—yNy 819
and H-irradiatedcontinuous linesZnSg _,0, havingx=0.23 and 0.90%. We consider theT dependence of the ZngegO,
H dose is quuDé" tAO _*j_olsta“d 32; 10 iOHS/Cff for >_<=0-23‘%l’)_<’in<:_ 0-9?3"{;'. samples in focus in this study. Figure 2 shows the PL spectra
bound exciton recombination, and LE 15 due to excion recombination org! & ydrogenated ZnggerOy oops sample. AST increases
localization centers due to alloy disorder. Laser power densiyy,  th€ LE band decreases in intensity and shifts rapidly to lower
=1.5 Wicn?. PL multiplicative factors are indicated. energies due to the preferential ionization of excitons local-
ized on higher energy levels. A new recombination band, FE,

of the free exciton observed at high®&r does not change appears at about 50 K and remains up to room temperature,
upon H irradiation. This circumstance can be due to the larg#hile the D—A recombination quenches for-150 K. We
ionicity difference between IlI-V and 11-VI compounds, attribute the FE band to the exciton recombination from the
which may render unstable irHD—-VI alloys the H complex band gap. The FE band maintains a rather symmetric line
responsible for N passivation in #N-V systems. Alterna- shape up to 290 K in agreement with its excitonic naftine

tively, a low or null localized character of the states of the€Xciton binding energy in these materials is about 20 meV
(Ref. 20]. Similar findings have been observed for all

‘ . ZnSq _, O, samples both untreated and hydrogenated.
x=0.23% The BAC model has been successfully employed to ac-
hydrogenated count for the variation of the band gap with(and hydro-
static pressupein In,Ga, _,As;_ N, ."® In the framework of
the BAC model, the temperature dependence of the
ZnSq _, 0, band gap is given by

Eg(T)=U2AEo+Eznsd T) —{[Eo—Eznsd T)1?
+4C?x}1?), 2

PL Intensity (arb. units)

x1.5 10°

Eo andE,,gc are the energies of the level of the O isoelec-
tronic impurity and of the ZnSe band gap, respectively, and
C is a parameter describing the strength of the interaction
between the O level and the ZnSe conduction band states.
Figure 3 shows the temperature shift of the PL peak
energy of the free exciton band for all O concentrations con-
sidered(symbols. The dashed line is the exciton energy shift
of ZnSe withT as reported in Ref. 20. Finally, the continu-
ous lines have been obtained from EB). usingC=1.8 eV
A xl andEg=2.90 eV as derived in Ref. 11 by fitting within the
276 BAC model the hydrostatic pressure dependence of the band
gap in a ZnSg , O, sample similar to those considered here.
Eo is assumed to be constant with as done in the case of
FIG. 2. PhotoluminescencéPL) spectra at different temperatures of a the N level in GaA§,yNy (Refs. 7 and Band accordingly to

ZnSq_Oy sample having=0.23% hydrogenated with-710°® jonsferf. 4 strong localized character expected for the O state. Re-
D-A indicates a donor—acceptor pair recombination, LE and FE are due to ’

localized and free exciton recombination, respectively; laser power densignarkably, theT dependence measured in al! ZRSEO,
Pex=3.0 Wicn?; PL multiplicative factors are indicated. samples does not depend on the O concentration and follows
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lattice sites(e.qg., interstitial versus substitutiopalepending

on its concentration. Therefore, new samples spanning the O
concentration range from the dilute to the alloy limit should
be investigated.

> In conclusion, O in ZnSe shows several differences as
& compared to N in GaAs and GaR) H irradiation does not
- lead to a band-gap reopening or show clear evidences of the
i formation of O—H complexes{ii) the response of the
< _ ZnSgq_,O, to temperature variation is the same of ZnSe,
[ O 023% @-@ N independently of the O concentration. These findings point
-80r 0 0.57% 8. N toward an absence of a localized character in the Zn%s,
4A00.90% & 0.23%
] band edges.
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. ZThe contribution of the lattice thermal expansion to Theependence of
2.90 eV (about 200 meV above the CB bottpmm order to the band gap is given byiE,/dT),= —3Ba(dE,/dP);, whereB, a,

reproduce the energy gap dependence on applied pressure Qfnd p are the crystal bulk modulus, thermal expansion coefficient and
NS 99100.00s5r HOwever, from previous PL studies in  applied pressure, respectively. Usiag- 7.8x 10 ¢ K1 andB=65 GPa
ZnSe:0 k=0.001%), it was shown that O introduces a [U. Rassler, Landolt-Bmstein:Numerical Data and Functional Relation-
shallow acceptorevel located at about 80 meV above the ?gip_s in ?ﬂ“i;gg’ Tegr(‘&”é"cl’g%;aw 5369”95\'//((;3;0“9 If”’ \80'; 2R26f‘
" pringer, Berlin, ,an =56 me a as found in Ref.
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compounds. It might be the case that O occupies different 0.369 meV/K for O-containing and O-free samples, respectively.
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