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Academy of Sciences, Changchun 130022
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We study the optical properties of ZnCdSe/ZnMgSe multiple quantum wells using photoluminescence (PL) and
Raman scattering spectra. In the PL spectra, an intense emission band coming from the free exciton luminescence
of the quantum wells can be observed from 80K to 300K. The exciton binding energy is evaluated by the
dependence of PL intensity on the temperature, showing the behaviour of the better two-dimensional excitons.
The result indicates that the enhancement of the con�nement e�ect is due to containing Mg in the barrier layers.
At room temperature, Raman scattering spectra are classi�ed into con�ned optical modes and folded optical
modes. This con�rms the formation of a multilayer system with a higher crystalline quality.

PACS: 63. 22.+m, 81. 15. Hi, 78. 55.�m, 68. 65. +g

ZnCdSe/ZnSe quantum well structures have been
extensively studied for realizing short wavelength light
emitting diodes (LEDs) and laser diodes (LDs).[1;2]

Heterostructures containing Mg-based II{VI com-
pounds, which are used as cladding layers to prevent
oxidation or as potential barrier layers to con�ne car-
riers and photons, are demonstrated to be very impor-
tant in the fabrication of LEDs and LDs.[3;4] Most pre-
vious works have focused on the crystal structure and
characterization of the ZnMg(S)Se alloy layers.[5;6]

For the quantum well structure, only a few works
have been reported.[7] Compared to ZnCdSe/ZnSe,
the ZnCdSe/ZnMgSe system has larger band o�set
and less lattice mismatch between the well and barrier
layers. For this reason, we fabricate ZnCdSe/ZnMgSe
multiple quantum wells (MQWs) grown by molecu-
lar beam epitaxy (MBE), in which ZnMgSe layers are
used as barrier layers instead of ZnSe. The optical
properties of the samples are reported by the inves-
tigation of the photoluminescence (PL) and Raman
spectra.

The samples were grown by MBE on (100) GaAs
substrates using elemental Zn, Cd, Mg and Se as
sources. The structural con�guration included a ZnSe
bu�er layer with a thickness of 1�m and 75 periods of
ZnCdSe quantum wells with 3{5 nm thicknesses sepa-
rated by ZnMgSe potential barriers with a thickness of
10 nm. For the samples used in this study, Cd compo-
sitions of the quantum well were 0.15 and 0.2, respec-
tively, and the Mg composition of the potential barrier
was 0.3. The samples were characterized by an x-ray
di�raction measurement. In addition to the K�1 and
K�2 (400) di�raction peaks of the GaAs substrate, the

observation of some satellite peaks con�rms the forma-
tion of the multilayer structure. The PL of the sam-
ple was excited by the 325 nm line of an HeCd laser.
The PL spectrum is dispersed by a monochromator
(LabRam) with gratings of 1800/mm, and detected by
a charged-coupled device (CCD) detector coupled to a
microscope. The spectra resolution of the experimen-
tal set-up was 0.7�A. In the temperature-dependent ex-
periment, the liquid-nitrogen cooling system was used
in conjunction with the sample stage to cool a sample
down to � 80K. The temperature was controlled by
the TMS94 from 80K to room temperature, in which
the temperature has an accuracy of better than 1K.
Raman spectra were recorded using the same spec-
trometer equipped with a CCD detector and coupled
to a microscope of the Raman system. The 488 nm
or the 514.5 nm lines of an Ar+ ion laser were used
to excite the sample. The Raman spectra resolution
was less than 2 cm�1. The power of the laser on the
sample was set to about 100mW.

Figure 1 shows the typical PL spectra at 80K
for three ZnCdSe/ZnMgSe MQWs with di�erent well
widths or Cd compositions labelled a, b and c. In each
of the MQWs, one strong emission band is obtained
in the green region, and a distinct PL peak shift is
observed by varying the well width or the composi-
tion. The peak positions of the bands shift to the
higher-energy side with decreasing well width, sug-
gesting that the bands observed in Fig. 1 are related
to the quantum energy level of the ZnCdSe well layer.
Compared to the result of Ref. [8], we consider that the
bands are due to the recombination of n = 1 heavy-
hole free exciton from the ZnCdSe well layer.
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Figure 2 gives the PL spectra of ZnCdSe/ZnMgSe
and ZnCdSe/ZnSe MQWs with the same well
width and composition at room temperature. For
ZnCdSe/ZnMgSe MQWs (spectrum a), we only see
one excitonic emission peak at � 527 nm from the
quantum well. It is important that, for ZnCdSe/ZnSe
MQWs (spectrum b), we can observe two bands lo-
cated at about 460 nm and 527 nm. The band at
� 527 nm is attributed to the excitonic emission of the
ZnCdSe quantum well,[8] and the band at � 460 nm
is considered to be the band-edge emission from the
ZnSe barrier layer.[9] To discuss the con�nement e�ect
in the two systems further, the PL spectra of the above
two samples were measured at di�erent temperatures.
As the temperature was increased from 80K to room
temperature, we noticed that the luminescence from
the ZnSe barrier in ZnCdSe/ZnSe MQWs became
increasingly important and the luminescence from
the ZnMgSe barrier in the ZnCdSe/ZnMgSe MQWs
was not observed, even at room temperature. In
Zn0:8Cd0:2Se/ZnSe MQWs, the band o�set is less than
that of ZnCdSe/ZnMgSe MQWs; the electrons and
holes at higher temperature cannot be e�ectually con-
�ned in the well layer due to the thermal release. The
release of electrons and holes from the well layer to the
barrier layers results in the appearance of stronger lu-
minescence from the ZnSe barrier layers at higher tem-
peratures. The inset of Fig. 2 exhibits the temperature
dependences of luminescence intensities from ZnCdSe
wells for samples a and b. From the plots, the thermal
activation energies are equal to 32meV and 40meV
for ZnCdSe/ZnSe and ZnCdSe/ZnMgSe MQWs, re-
spectively. In the ZnCdSe/ZnMgSe system, the exci-
tons are caused dominantly by the con�nement e�ect
of the quantum well. For the ZnCdSe/ZnSe system,
the dominant contribution to the excitons is brought
about by the Coulomb interaction between the elec-
trons and holes due to the lower potential barrier. The
spread of the electrons and holes into the ZnSe bar-
rier partially restores a three-dimensional characteris-
tic at higher temperature. The exciton binding energy
is known to be enhanced with the increasing con�n-
ing dimension. The exciton binding energy can be
expressed by Eq. (1) in Ref. [10]

Eb =
4E0

(�� 1)2
; (1)

where E0 is the e�ective Rydberg constant for the bulk
exciton and � is the dynamic space fractional dimen-
sion which measures the anisotropy of the electron{
hole Coulomb interaction. � = 3; 2 or 1 give, respec-
tively, Eb = E0, 4E0 or 1, corresponding to the well-
known results of the integer dimension models. For
excitonic binding energy in the two-dimensional sys-
tem, the investigations of free and bound excitons have
been reported.[10;12] In a real quantum well structure,

� changes continuously between 3 and 2. Actually, the
thermal activation energies from the inset of Fig. 2 re-
ect the exciton binding energy. In E0 = 21meV from
the exciton binding energy of ZnSe bulk material,[11]

the calculation by Eq. (1) gives � = 2:62 and 2.45 for
Eb = 32meV and 40meV, respectively. The barrier
layer containing Mg increases the band o�set between
the well layer and the barrier layer. The electrons
and holes are e�ectively con�ned in the deeper poten-
tial well. The stronger con�nement e�ect leads to the
enhancement of the exciton band energy. The result
indicates that excitons of the ZnCdSe/ZnMgSe system
show two-dimensional behaviour better than those of
ZnCdSe/ZnSe system.

Fig. 1. PL spectra of ZnCdSe/ZnMgSe MQWs at 80K
excited by an HeCd laser operated at 325 nm.
(a) Zn0:85Cd0:15Se/Zn0:7Mg0:3Se (3 nm/10nm),
(b) Zn0:8Cd0:2Se/Zn0:7Mg0:3Se (3 nm/10nm),
(c) Zn0:8Cd0:2Se/Zn0:7Mg0:3Se (5 nm/10nm).

Fig. 2. PL spectra of ZnCdSe/ZnMgSe MQWs at
room temperature excited by an HeCd laser oper-
ated at 325 nm. The inset shows the tempera-
ture dependences of PL intensities of the bands at
527 nm. (a) Zn0:8Cd0:2Se/Zn0:7Mg0:3Se (3 nm/10nm),
(b) Zn0:8Cd0:2Se/ZnSe (3 nm/10nm).
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Fig. 3. Raman spectra of Zn0:8Cd0:2Se/Zn0:7Mg0:3Se
MQWs (3 nm/10nm) at room temperature excited by (a)
488 nm or (b) 514.5 nm lines from an Ar+ laser. The inset
gives the low-frequency region Raman spectrum at room
temperature.

Typical Raman spectra of the Zn0:8Cd0:2Se/Zn0:7
Mg0:3Se MQWs by 488 nm line (a) or 514.5 nm line (b)
excitation at room temperature are shown in Fig. 3.
It is known that the energy gap of the barrier layer
ZnMgSe at room temperature is much larger than
the photon energies of the excitation lines mentioned
above. Thus, the ZnMgSe barrier layers are trans-
parent for the incident light of 488 nm and 514.5 nm.
However, the incident photon energies of 488 nm and
514.5 nm laser lines are larger than the bandgap of
Zn0:8Cd0:2Se well layers. It is considered that the LOw

phonon mode shown in Fig. 3 is from Zn0:8Cd0:2Se
well layers. The LOw phonon frequency is �231 cm�1

(�29meV), this energy is smaller than that of lon-
gitudinal optical (LO) for pure ZnSe (31meV) and
larger than LO for pure CdSe (27meV).[13] Therefore,
the LOw phonon is ascribed to be the LO phonon
mode con�ned in Zn0:8Cd0:2Se well layers. For the
same reason, a weaker peak at 192 cm�1 labelled TOw

phonon is attributed to the transverse optical (TO)
phonon mode from Zn0:8Cd0:2Se well layers. When
the energy of exciting light (514.5 nm) is very close
to the bandgap of the quantum wells, the third order
of phonon modes can be seen clearly, as shown in the
spectrum b of Fig. 3. The resonance condition is bene-
�cial to the observation of higher-order multi-phonon
modes. A study of the resonance Raman scattering
at room temperature will be discussed in future work.
The inset of Fig. 3 shows the Raman spectrum in the

region 10{100 cm�1 excited by the 488 nm line. It is
reasonable to consider that the two peaks are from
the folded longitudinal acoustic (LA) phonon modes
in Zn0:8Cd0:2Se well layers. The doublet structure of
the folded phonon modes[14] cannot be observed due to
the broadening e�ect of the bands in the alloy layers.
The observation of the folded optical modes indicates
that the multilayer structure of the sample containing
Mg in barrier layers is not destroyed.

In summary, the optical properties of
ZnCdSe/ZnMgSe MQWs have been studied by PL
and Raman scattering spectra. Only one excitonic
emission is observed in PL spectra at room temper-
ature, showing an enhancement of the con�nement
e�ect due to containing Mg in the potential barrier
layers. Research on the exciton binding energy well
indicates the two-dimensional exciton behaviour in
such a structure. The Raman spectra are classi�ed
into con�ned optical modes and folded optical modes.
These results con�rm the formation of a multilayer
structure with a higher crystalline quality.

References

[1] Jeon H, Ding J, Nurmikko A V, Luo H, Samarth N, Fur-
dyna J K, Bonner W A and Nahory R E 1990 Appl. Phys.
Lett. 57 2413

[2] Wu Y H, Kawakami Y, Fujita S and Fujita S 1991 Japan.
J. Appl. Phys. 30 L555

[3] Nurmikko A V and Gunshor R L 1994 IEEE J. Quantum

Electron. 30 619

[4] Taniguchi S, Hino T, Itoh S, Nakano K, Nahayama N,
Ishibashi A and Ikeda M 1996 Electron. Lett. 32 552

[5] Huang D, Jin C X, Wang D H, Liu X H, Wang J and
Wang X 1995 Appl. Phys. Lett. 67 3511

[6] Jobst B, Hommel D, Lunz U, Gerhard T, Landwehr G
1996 Appl. Phys. Lett. 69 97

[7] Ichino K, Kariya H, Suzuki N, Ueyama K, Kitagawa M,
Kobayashi H 2000 J. Cryst. Growth 214/215 135

[8] Bonanni B, Pelucchi E, Rubini S, Orani D, Franciosi A,
Garulli A, Parisini A 2001 Appl. Phys. Lett. 78 464

[9] Gutowski J, Presser N, Kudlek G 1990 Phys. Status Solidi
a 120 11

[10] Mathieu H, Lefebvre P and Christol P 1992 Phys. Rev. B
46 4092

[11] Chang S K, Lee C D, Min S I, Sim E D and Joh Y S 1996
J. Cryst. Growth 159 112

[12] Liu J. J, Zhang S F, Kong X J and Li S S 2000 Chin.

Phys. Lett. 17 358

[13] Lozykowski H J and Shastri V K 1991 J. Appl. Phys. 69
3235

[14] Colvard C, Gant T A, Kiein M V, Merlin R, Fischer R,

Morkoc H and Gossard A C 1985 Phys. Rev. B 31 2080


