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Abstract

A study of the photoluminescence (PL) of ZnSe/Zn, _,Cd,Se strained superlattices under hydrostatic pressure (0-2.5 GPa) at room
temperature has been performed for the first time. The small sublinear dependence of PL energy with pressure for the heavy-hole exciton of
the well layers was observed. The pressure coefficients of the PL peak were obtained by least-squares fits to the experimental data. The linear
pressure coefficient obtained by calculation is in good agreement with the experimental one.
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1. Introduction

Recently, wide-gap II-VI semiconductor quantum wells
and ZnSe-based superlattices have received much attention
because of their potential application in optoelectronic
devices in the blue spectral region. In particular, ZnSe/
Zn, _,Cd, Se heterostructures have shown both strong exci-
tonic absorption and low-threshold optically pumped lasing
at room temperature. ZnSe/Zn, _,Cd,Se has been used as the
active region of a blue—green diode laser [ 1]. The optical and
electrical properties of this new material have produced much
interest in recent years. Photoluminescence under hydrostatic
pressure is a powerful tool for the investigations of electronic
structures of semiconductor materials. Photoluminescence
(PL) studies under pressure of III-V quantum wells and
superlattices have received much attention [2-5]. However,
studies of II-VI semiconductor quantum wells and superlat-
tices have received much less. In this paper, the photolumi-
nescence of ZnSe/Zn, _ Cd,Se at room temperature, under
hydrostatic pressures in the range 0-2.5 GPa, is reported and
discussed. To our knowledge, there have been no previous
studies of the pressure dependence of PL at room temperature
of II-VI semiconductor quantum wells and superlattices.

2. Experiment

The samples of ZnSe/Zng 7,Cd, 2S¢ strained-layer super-
lattices were grown by metal-organic chemical vapour dep-
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osition (MOCVD). The substrates were (001)-oriented
GaAs. A 1.2 um thick ZnSe buffer layer was first deposited
on the substrates, followed by 150 periods of superlattices.
The superlattices consist of 4.0-nm-thick Zn, ,,Cdg ,¢Se well
layers, separated by 6.0-nm-thick ZnSe barrier layers.
Finally, a 0.3- um-thick ZnSe cap layer was grown on the top.

The hydrostatic pressure measurements were performed
by the diamond anvil cell technique. The GaAs substrate was
thinned to about 30 um and the sample was cut to 150 X 150
um? squares to be placed in a gasketed diamond anvil cell.
A 4:1 methanol—ethanol mixture was used as a pressure
medium. The energy shift of the R, luminescence line from
aruby crystal was used to calibrate the pressure [6].

The PL spectra were excited by the 457.9 nm line of an
Ar™ laser. The scattered light was analyzed with a SPEX-
1403 double monochromator and detected by a RCA-C31034
cooled photomultiple tube.

3. Experimental results

Fig. 1 shows the PL spectra of ZnSe/Zngy;,Cd,26S€
strained superlattices obtained under excitation with the
457.9 nm line of an Ar™ laser at 77 K and room temperature,
respectively. The PL spectrum at 77 K exhibited three peaks.
The stronger peak P, is located at 2.569 eV (20732 cm™ 1)
and two weaker PL peaks are at 2.660 eV (21472 cm™ ") and
2.249 ¢V (18 152 cm ™), respectively. With the increase of
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Fig. 1. PL spectra of ZnSe/Zn, 7,Cd, 2S¢ strained superlattices at 77 K and
room temperature, respectively.
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Fig. 2. PL spectra for ZnSe/Zn, ,,Cd, ,sSe strained superlattices at various
pressures and room temperature.

the temperature up to 300 K (room temperature), only the
band P, can be measured and two other peaks disappear, and
the emission peak P, shifts from 2.569 ¢V (20 732cm ") to
2.388 eV (19272 cm™ "), In II-VI wide-gap superlattices,
the enhancement of exciton binding energy and the large
oscillator strength make it possible to observe the exciton
transition at room temperature [7,8]. Usually, the absorption
and luminescence characteristics observed at room tempera-
ture in the ZnSe/Zn, _ ,Cd,Se quantum wells and superlatti-
ces are thought to be due mainly to the n=1 HH exciton
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Fig. 3. Energies of the PL peak of ZnSe/Zn, 7,Cd, ,¢Se strained superlattices
as a function of pressure.

recombination [7,8], so the emission peak P, can be atirib-
uted to the excitonic transition from the first conduction sub-
band to the n=1 heavy hole. By extrapolating for the
separation of the heavy hole (E,;,) and light hole (E,;) from
the results of Fig. 2 in Ref. (7], we estimate the energy
separation of heavy-light holes of approximately 90 meV for
the ZnSe/Zng,4Cdg,6S¢ superlattices at 77 K [9]. The
energy difference between Py and P, is about 91 meV. Hence,
the PL peak P, is attributed to the exciton transition from the
first conduction subband to the n =1 light hole. The origin of
the band P; has not been clear up to now. It is probably
ascribed to the recombination of exciton localized at the inter-
face defect or shallow impurities.

Fig. 2 shows the photoluminescence of ZnSe/
Zn, ;,Cd, ,6Se strained superlattices under 0-2.5 GPa pres-
sure at room temperature. At room temperature, only P, (E;;)
can be observed. The PL peak position shifts towards high
energy with increasing pressure, the shape and the linewidth
of the peak P, changes little as the hydrostatic pressure
increases. It proves that there is no strain relaxation in the
pressure range 0-2.5 GPa.

Fig. 3 shows the effect of pressure on the E,;, transition.
The line through the data is due to least-squares fits to the
function

E(p) =E(0) + ap + Bp’ (D

due to its appreciable non-linear behaviour, where E(0) is
the zero-pressure transition energy, « is the linear pressure
coefficient, and B is the non-linear pressure coefficient. By
fits to the experimental data, the values of a, B, and E(0)
were obtained: a=67.1 meV GPa~!, B=—12.6 meV
GPa~?, and E(0)=2.345¢V.

4. Calculation and discussion

For ZnSe/Zn, ,,Cd, 16Se strained superlattices composed
of two component materials, ZnSe with bulk modulus B as
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barrier layers, Zng 7,Cdg 2S¢ with bulk modulus B, as well
layers, and B|=(dB,/dp), B5=(dB,/dp). According to
Murnaghan’s equation of state [ 10], the lattice constanta(p)
varies with pressure,

N~ 1/3B
a(p)=a(l bar)(l +p -E) (2)
In the low-pressure limit, Eq. (2) reduces to [11]
a(p) =a(l bar)(l— —p—) (3)
3B

Each component of strain in the superlattices can be
decomposed into a hydrostatic and a biaxial component,

E;=E,™ +E;® (4)
where E; is the hydrostatic component, which is

Eij(h)(p) = Exx(h) = Eyy(h) = Ezz(h)

_a(p)—a(lbar)  p )
a(1 bar) 3B
where E;® is the in-plane biaxial strain, which is
E®(p) =E, ® =E, ® = Aeq(p) —a(p) 6)
' : a(p)
E.® = — & Eu(b) (7)

11

. is the weighted average, in-plane lattice constant for the
heterostructure, which is

(a1, +axty)

(h+1) (8)

deq(P) =
where 1, is the total thickness of all the ZnSe layers in the
SLS, buffer and cap layer. ¢, is that for Zn, _,Cd,Se.

By inserting Eq. (3) into Eq. (6), the expression for E(p)
is obtained. If terms are kept only to second order in p, the
biaxial strain becomes

a r(1 1
B = %14 2(1 - L)
@)= 3\8 B,

(L _ 13|
3 (32 BBeq)] ! ©)

where B, is the effective bulk modulus, which is
t 1 t 1
L =(23‘— —1)——‘—— +(2fl —1}——2—— (10)

Using Egs. (4)—(9), the fractional change in volume ()
can be written as

AQ . o o p ( cu)
— =E,+E,+E =—- % +2|1- —=|E® 11
) ot Eyy +E, B Ci (py (1)
For these superlattices, the valence-band energy and the
conduction-band energy vary as

AQ AQY R
=a|—= =} - - 12
AEV aV( Q )+ 8V( Q ) b(EZZ EXX ) ( )
Q 2
AE, = ac(%g) + ac(én—) (13)

where a and a, are conduction-band hydrostatic deformation
and valence-band hydrostatic deformation, respectively. 6,
and &, parameterize the quadratic terms for hydrostatic defor-
mation of conduction-band and valence-band. b is tetragonal
deformation.

Using Eqs. (12) and (13) the function of E,;, is given by

E=E0+AEC—AEV

AQ
=Ey+(a.—a,) 0y

2
+(8. - SV)(%) +b(E.” ~E.")

a.—a,
:EO_ B P+[‘Y(ac_av)

2

—bnlE® (p) + (8.—8,) % (14)

where second-order terms, of order Ep and E?, are small and
have been neglected, and

Cl2 ClZ
y=2(1— ———) n=(1+2~—-
Cll Cll

The linear coefficient a is the slope of the pressure depend-
ence of the PL energy. Using Eq. (14), the function of «
would be

o %y 4y i_L] o)

a 5 ag [B B, (y(a.~a,)—bn] (15)
The material parameters for ZnSe and Zn, _ ,Cd,Se are listed
in Table 1.

The linear coefficient by the above calculationis 70.9 meV
GPa™' which is in good agreement with the value 67.1 meV
GPa ™' obtained by experiment.

The effect of pressure on the E,,, transition shows the small
sublinear dependence of PL energy with pressure, the same
as bulk ZnSe [12] and CdSe [13]. Tuchmanetal. [12] gave
a study of exciton photoluminescence in strained and unstrai-
ned ZnSe under hydrostatic pressure, and pointed out that the
small sublinear dependence of PL energy with pressure for
ZnSe is attributed to the pressure dependence of the bulk
modulus. So the small sublinear behaviour in Fig. 3 was also
ascribed to the bulk modulus of the superlattices changing
with the pressure. In the Zn, _ ,Cd,Se/ZnSe single quantum
wells [9], the effect of pressure on the E,, transition exhibited
linear behaviour at 80 K, we note that single quantum well
and superlattices have a different effect of pressure on the
bulk B because of the difference of structures. Another
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Table 1
The parameters used in calculation

a a.—a, b Ch C, B 1
(nm) (eV) (eV) (107" Pa ") (1071 pa1y (GPa) (nm)
ZnSe 0.5669 2 -437° —12° 8.26° 498° 61° 24009
CdSe 0.6052° —3.664° -0.8° 6.67" 4.63° 53#
Zny.74Cdy 265¢ 0.5769 ¢ —4.186°¢ -1.05°¢ 7.85¢ 489°¢ 589¢ 600 ¢
aRef. [11].
b Ref. [16].

¢ Linearly interpolated from the values of ZnSe and CdSe parameters.
4 Measured by SEM and X-ray diffraction.

possible explanation was that the transition E;; had different
temperature effects at 77 K and room temperature, respec-
tively. The sublinear behaviour was also observed in the
ZnSe/Zn, _ Mn,Se strained superlattices [14].

The intensity of the PL signal from the sample was
observed to decrease rapidly with pressure. At the pressure
of 2.52 GPa, the PL intensity is too weak to measure. The
phase transition in ZnSe is 13.7 GPa. The bulk Zn, ;,Cd, ,¢Se
shows no structural phase transition at least up to 7 GPa [9].
In the low-pressure region, we can conclude there is no phase
transition. So the above effect is unlikely to be caused by a
structural phase transition. Another explanation for the
decrease in PL intensity might be a conversion from type I to
type II in the ZnSe/Zny,,Cd,,cSe strained superlattices
under hydrostatic pressure. In our measured pressure region,
the shape and the linewidth of the PL spectra undergo no
great change [ 15], the calculation result of the pressure coef-
ficient is consistent with type I band alignment. So we can
rule out the possibility of an indirect level crossing in the
Zn, ;4Cd, 5cSe well as a cause of the loss of intensity. The
detailed origin is not clear up to now, maybe it is associated
with non-radiation of the E,;, transition.

5. Conclusions

A study of the PL. measurements under hydrostatic pressure
on the ZnSe/Zny 74Cd, »Se strained superlattices has been
performed. This is the first study of the pressure dependence
of PL at room temperature in II-VI semiconductor quantum
wells and superlattices. The effect of pressure on the E,;,
transition shows a small sublinear behaviour. The pressure
coefficients were obtained by least-squares fits of a computer.
The linear coefficient by calculation is in good agreement
with that of experiment. A large loss of intensity phenomenon
was observed at the low-pressure region. The origin is not
clear up to now. Further studies under hydrostatic pressure

on similar samples at 77 K are in progress to explain this
phenomenon.
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