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Abstract; ZnSe-related quantum well structures have attracted much interest with regard to their optoelectronic
application. They have large optical nonlinearity due to the large exciton binding energy compared with the Il[-V
compound semiconductors. The ZnSe/ZnS quantum well structure is a promising material for fabricating laser diodes
since they have a direct band gap with wide band gap energy up to 3.75 eV at room temperature. The purpose of the
present work is to investigate the polaron effects of the exciton in the ZnSe/ZnS parabolic quantum well (PQW). We
assume the trial function has a simple form with the variables describing the motion within the quantum well plane
separated from those describing the motion along the growth axis. The interaction of the charged particles with bulk
longitudinal optical (1.O) phonons is considered only, and the energy of the system is obtained by using a variational
method developed by Lee, Low and Pines . The results showed that the ground state energy and the binding energy of
the exciton with LO-phonon decrease rapidly with increasing the well width L at the beginning, then decreases very
slowly with increasing L. In contrast to our previous work, it can be found that the exciton in the ZnSe/ZnS PQWs is

more strongly bound than that in the GaAs/Ga,_ Al As PQWs.
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1 Introduction

Because of several characteristic features, in
contrast to rectangular quantum wells, the PQWs
have attracted considerable interest. These interesting
features include, apart from obvious equidistant
energy separation of eigenvalues, a weak dependence
of the eigenenergies on the barrier height and well
width for PQWs with the same value of the curvature
parameter. This possibly makes an accurate determi-

U4 On the ex-

nation of the band offset parameters
perimental side, optical properties of the real PQW
structures are usually good, indeed with rich spectra
revealed by various methods. It is possible, for

example, to observe ls, 2s, 3s exciton states™? .
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Therefore, one can study the energy of various exci-
tonic states confined in PQWs in details. This ena-
bles various theories of confined excitons to be put to
a stringent test.

Up to now, the polaron effects of exciton in the
ZnSe/ZnS PQW have few been studied. ZnSe rela-
ted quantum structures have attracted much interest
with regard to the optoelectronic application, such as
laser diodes covering the blue to the ultraviolet spec-
tral region. Also, they have large optical nonlineari-
ty due to the large exciton binding energy compared
with the [-V compound semiconductors. This
gives the possibility of application as an optical mo-
dulator for second harmonic generation of lasers.

Therefore, great effort has been made to fabricate ar-
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tificial structures with these ZnSe-related materials.
The ZnSe/ZnS quantum well structure is a promising
material for fabrication of laser diodes since they
have a direct band gap with wide band gap energy
up to 3.75 eV at room temperature -*'. In all proba-
bility, ZnSe/ZnS PQWs have very characteristic fea-
tures.

The purpose of this paper is to investigate the
polaron effects of the exciton in the ZnSe parabolic
quantum well. The energies of exciton in the ZnSe/
ZnS PQW have been calculated by using the varia-
tional procedure with the separable wave function.
The interaction of the electron and hole with bulk

LO-phonons is considered only.

2 Theory

We consider the interaction of exciton in an in-
finitely deep PQW with LO-phonons. The Hamilto-

nian of the system can be written as

2 2 2
R AL e
V.(z) + Vi (5) + > hwaa, +
> [V, (e - ei‘"q" +h-c],
q Vi(z) = V?(zj/b)z, (1)
In Eq. (1), m,(m,) is the effective mass of the

V.(z,),V,(z) are the effective
parabolic potential, w is the frequency of LO-pho-

electron (hole) ,

non, a, (a,) is the creation (destruction) operator
of the phonon. The coefficient of electron-phonon

coupling is given by
V. = i[z—’”ez o L _ L)]m
! v q2 Ea €o ’

We introduce center-of-mass coordinate and

relative coordinate
R = pir, +Bors,
r=r -r,,
here B, = m. /M, B, = m,/M, M = m_ +m,,
and adopt cylindrical polar coordinates due to the
symmetry of our problem, the Hamiltonian of

(1) becomes
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where p is the reduced mass. In the case of weak or
intermediate electron-phonon interaction, we can use

"o in-

Lee, Low and Pines variational method'’ ™'
troduce two successive unitary transformations; the
first unitary operator is to eliminate the center-of-

mass coordinate of exciton in the well plane,

Ul—eXp <K\| Zq”aa) J,
After the first transformatlon we have
H* = U'HU, =
" RN T E S
ZM(K_ Zq‘quaqaq) ZMV’” 2me BZT
o

2
-y Vi(z) +V,(z,) + Zha)a;aq +
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The second one is to displace the phonon coordinate
Uy = expl > (aof, —afi) ],
q
where the displacement amplitude can be determined

(and its conjugate complex) ,similarly to the works

of [11,12] ,as

oM Wy
fo= R i
Wq — Vq(e*iﬁlqu T eifuzz _ e*iﬁzq (Rl eiqﬁl)
Hu’
S = e (4)

By the very complex compute, the effective Hamilto-
nian of the system is
=(0|U;'H U, ]0) =

2 2 2 2 2
g BT Oy ) 1 () -

2u " 2m, 9z 2my, 9z
2 2
2aha)(1 _M)_e_ _ (L _L)e_e.m+
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In Eq. (5), we have ignored the interaction between
virtual phonons with different wave vectors emitted
by recoiling hole and electron, and assume the mo-
mentum of the exciton K| =0. In the right side of
(5), the 6"

the constant of electron-phonon interaction

term is self-energy of the exciton, and
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a = (M /Ku)(1/e, —1/g,),
the rest parts are effective potential between the
electron and the hole, induced by the coupling of
the electron and the hole with the phonons.

We use a variational approach to resolve the
Schrodinger equation of the Hamiltonian of (5) , the
trial wave function is

b = exp( - &) exp( - 7 exp( - ),
where &, 1, ¢ are the variational parameters, and
p> =« +y. The form of the separable wave function
is more convenient for actual calculations than that
of the non-separable function'"’.

The ground state energy E . of the exciton is

min

determined by minimizing the energy E

(| Hy Ly

E =-"~——"< 77
(ply)y 7

OE _ OE _ 0 _
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The binding energy is then
E, = E +abo+ o io -E,,
E, is the energy of free exciton, and the Hamiltonian
of the free exciton is
hZ d2 hZ d2
= -4V +V
0 2’711e dz? zmh dz§ c(zl ) h(zz) ’
and we choose the trial wave function as
by = o il md
The energy of a free exciton in a PQW is

Eo = <1/fo ‘Ho |¢0>/<d/0 |¢0> s
3  Numerical Results and Discussion

We have calculated the ground state energy and
the binding energy of the exciton in the ZnSe/ZnS
PQW. We assume that the effective mass and the
dielectric constant are the same values throughout
the whole structure. For the exciton in the ZnSe

sk’
PQW, we use the effective Bohr radius a, =~ as
e

4
the length unit and the effective Rydberg R, :5%
: £

6,13 .
053] ysed in our

as the energy unit. The parameters
calculation are m_, =0.17m,,m, =0.15m,, hw =31
meV,g, =8. 10, £, =5.9, where m, as the free-
electron mass. R =16.57 meV, a, =5.377 nm.

The numerical results are illustrated in Fig. 1 and

Fig. 2.

Fig. 1 shows the exciton ground state energy as
a function of the ZnSe PQW size L. It is found that
the ground state energy of the exciton with LO-pho-
non decreases rapidly with increasing the well width

(L) at first and then decreases slowly with increa-

sing L.
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Fig.1 The ground state energy of exciton as a function of the
well size. The electron- and hole-phonon interactions

are considered.

Fig. 2 shows the result we have obtained for the
exciton binding energy which is plotted as a function
of the ZnSe PQW thickness L. The binding energy of
the exciton with LO-phonon decreases with increa-
sing L. Through the photoluminescence measurement
of ZnSe/ZnS single quantum wells, S. K. Chang et
al .

energies with decreasing well width. The experimen-

observed clear shifts of the excitons to higher

tal results are in qualitative agreement with our theo-
retical results.
From the two figures we can see that our result

is almost the same as one of the results obtained by
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Fig.2  The binding energy of exciton as a function of the well
size. The electron- and hole-phonon interactions are

considered.
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us in the GaAs/Ga, _ Al As PQWs'"*/ by qualitative
analysis, although we use a different trial function
and different materials. But it is different by quanti-
tative analysis. The binding energy of exciton with
LO-phonon in the ZnSe PQW is higher than that in
the GaAs PQW. This shows that the ZnSe/ZnS
PQWs result in a stronger localization of the exciton
than that in GaAs/Ga, _ Al _As PQWs.

exciton in ZnSe/ZnS PQWs by using a developed
LLP method to deal with the interaction between
charged particles and phonons. The ground state en-
ergy and binding energy of exciton are obtained. The
results show that the energy of the exciton with LO-
phonon decreases rapidly with increasing well width
L at the beginning, then decreases very slowly with

increasing L. In contrast to our previous work, it

4 C lusi can be found that the exciton in the ZnSe/ZnS
onclusion
PQWs is more strongly bound than that in the GaAs/

We study theoretically the polaron effects of the Ga,_, Al As PQWs.
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