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PHOTOLUMINESCENCE OF A ZnSe-ZnS STRAINED-LAYER SUPERLATTICE

UNDER HIGH EXCITATIONS

Z.P, GUAN, X.W. FAN and G.H. FAN

Changchun Instituie of Physics, Academia Sinica, Changchun, PR China

X.R XU
Tianjing Institute of Technology, Tianjing, PR China

The luminescence spectra of high density excitons in a ZnSe—Zn8 strained-layer superiattice (SLS) have been studied in pp 5
temperature range 77-250 K. The photoluminescence (PL) spectrum in the SLS usually has only one near edge emission bang
E,. The E, band is atiributed to free exciton recombination following scattering from electrons in the conduction bagd, 4
According to whether the binding energy of the free exciton increases as the well width of SLS decreases, it can be explaineg 7
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that why it 13 difficult to observe the separated P band in the ZnSe~ZnS SLS system.

1. Introduction

ZnSe is a II-VI compound semiconductor with a
high exciton binding energy and a large nonlinear opti-
cal effect. Recently, attention has been paid to the
superlattice using a ZnSe layer as the well material,
which promises the possibility of being able to obtain
excitonic emission and opticat bistability using the two-
dimensional exciton effect at room temperature. Saito et
al. {1] have investipated the E and P bands in ZnSe
singie crystal over the temperature range 4.2-90 K
under high excitation at 3371 A and ascribed them to
the exciton—electron (E, ~e) collision and exciton—exci-
ton (E -E,) collision, respectively. Catalano et al. [2]
using dye laser (h» = 2.88 eV), and Colak et al. [3] with
clectron beam excitation, observed stimulated emission
of the P band in ZnSe single crystals. Earlier we had
siudied the emission of free exciton [4] and E -E,
scattering {5]. Up to now, there has been no report on
the origin of the E_ band in the SLS. In this paper, we
explain the origin of the E, band and discuss the tail in
the low energy side of the E_ band.

2. Experiment

ZnSe~ZnS SLS structures were grown on {100) GaAs
substrates by MOCVD at atmospheric pressure using
dimethylzinc (DMZ), H,Se, and H,S as source materi-
als for Zn, 3¢, and S, respectively. A Model QID-9
nitrogen pulsed laser was used as the excitation source
with A= 3371 A, 7= 10 ns, f= 10 Hz, and 1., = {, = 2
MW /cm®. The PL measurements were carried out with
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a Model 44W spectrometer and a RCA-C31034 photo-

multiplier.

3. Results and discussion

3.1. The origin of the E, band

Fig. 1 shows the 77 K PL spectra of ZnSe-ZnS SLS *
under different excitation intensities. The E_ band is
symmetrical under excitation intensities /<0026 I, =
while with increasing excitation intensity it broadens

and its peak position shifts to lower energy.

The peak energies for the E_ bands are shown asa g
function of temperature in fig. 2 for ZnSe film and -
ZnSe-ZnS SLSs. The curve labelled E_(T) in fig. 2 )
depicts the temperature dependence of the free exciton
energy in ZnSe bulk single crystal. As can be seen in fig gt
2, we found that the photon energies of the E, bands fgr
ZnSe(87 A)-ZaS(11 A) and ZnSe(57 A)-ZnS(17 A}
SLSs are higher than that for bulk ZnSe film at the
same temperature due to the quantum size effect in the_'.
SL.Ss. If the curve E_(7T') is shifted vertically. makingil :
overiap with the peak energies of E, of two ZnSe-Zn$.
SLSs at 77 K, we obtain E/(7) {not shown in th f

figure). It should be noticed from fig. 2 that the peak
energies of E, bands shift to the low energy side wit

temperature by amounts much more than the shift o2
the E/(T). The inset of fig, 2 shows the variation with

temperature of the energies separation AE(7T ) = BT
—E(T). It is found that the A E(T") depends lineat
on temperature. This result is in good agreement wit
the F band obtained by Saito and Shionoya [1], wk
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ascribed the E band in CdS, CdSe, and ZnSe to E,—¢
coflision. From this consideration, it is reasonable to
think that the E, band obtained from the ZnSe-ZnS
SL8s is produced by the E,~e collision. Fig. 3 shows a
comparison of the shape of the Es (for /= 0.16/;) band

1o ZnSe(48 A)-ZnS(15 A) SLS measured at 77 K with

the theorstical curve {broken) calculated according to
the theory of Benoit a la Guillaume et al. [7] with
[=0.167, and the effective electron temperature 7, =
110 K. The fact that the theoretical curve of the E —e
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Fig. 1. The PL spectra of ZnSe(48 A)-VZnS(IS A} SLS under different excitation intensities al 77 K, fy=2 MW sem’.

cellision is also in good agreement with the experimen-
tal result, presents further support for the above conclu-
sion. The dependence of PL mtensities J on excitation
intensities T in ZnSe film and ZnSe-7ZnS SLS with the
different well widths has also been measured. The J-T
curves have the forms of J ~ 77, where n = 1.3-1.5 for
all samples. This indicates that the origin of the E_ band
in SL.S is the same as that of the film. It foilows that the
E, band of ZnSe-ZnS SLS originates from the E,—e
collision. '
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fig % Temperature dependence of photon energies of the PL emission peak for varicus samples: (+) ZnSe film; (O} ZnSe(87
A}-ZnS(11 A), and (@) ZnSe(37 A)-Zn$(17 A). The inset shows the variation with temperature of AE(T) = ETYy—EL(T).
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Fig. 3. Comparison of the theoretical curve (broken) with the experimental curve (solid).

3.2, The low energy tail of the E_ band

As can be seen in fig. 1 the low energy tail of the E
band rapidly increases with increasing excitation inten-
sity and its peak position in SLS shifts more rapidly
than that of the band calculated according to the E —e
scattering formula [7]. The shape of the E, band in
ZnSe—7ZnS SLS was calculated according to E ~E, for-
mulas [6] and the E_—e formula {7]. The above theoreti-
cal results are in good agreement with the experimental
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results, as shown in fig. 4. Curve 1 is experimental, and -
the curves 2-5 represent the E ~E, interaction (i.e. the 77
P band) of the following types: (2) (EX, EY —hy o
e-h); (3} (EY, BE™" kv, e-h); (4) (EY, EY >y,
ER-); (5) (ER. B — kv, EF¥F). Curve 6 represents
the E,—e interaction. The resultant spectrum due to
superposition of the foregoing spectra is shown by curve .
7. Considering that the concentration of electrons in the
28 and 2P states is less than that in the 18 state at 7K
in ZnSe single crystal, the P band can only be observed
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Fig. 4. Comparisen of the theoretical resultant curve (7) with the experimental spectrum (curve 1). Curves (2) to (6} repres
theoretical resuits calculated by various interactions of E, —E or E, e (see text).
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tves (2) to (6) represtt

#l under high excitation. It is well known that with
decre’ﬁ‘smo well width in SLS the binding energy of the
free exciton increases. This result in ZnSe-ZnS SLS will
be reportw in a separate paper in the near future. As an
pxample, the binding energy of 41 meV s obtained in

- 7nSe (48 h) ZnS(13 A) SLS. In this case, the emission

clated 10 processes (3) and (3) in fig. 4 should be taken
into account. I follows that it is difficult to observe the
separated T band in ZnSe—ZnS SLS,
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