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We report on the excitonic photoluminescence from individual Te dyads in ZnSe. Based on the emission
characteristics of these pairs of pseudodonor impurities, we identify dyads of C2v symmetry and determine
their orientation with respect to the host lattice. The diamagnetic shift of the exciton indicates that the hole
bound to the dyad is extremely localized. Measurements of large number of individual dyads reveal that �1�
light-hole transitions located at higher energy are strongly suppressed, �2� the line shape of the observed
phonon replica allows probing the phonon density of states, �3� dyads of various interatomic separations are
observed, �4� the emission energy is extremely sensitive to the local environment of the dyad, and �5� dynamic
variations in this local environment results in the intensity fluctuations and spectral diffusion.
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I. INTRODUCTION

The interest in quantum dots stems from the control tridi-
mensional confinement provides over electronic states and
optical processes. This control, enhanced by our ability to
vary the size, the composition and symmetry of quantum
dots, has led to a number of seminal demonstrations in the
fields of device applications,1,2 quantum information,3,4

single photon emission,5–7 and generation of entangled
photons.8,9 However, full control over the response or behav-
ior of quantum dots is impeded by the lack of control over
processes by which quantum dots are formed. Self-
assembled objects composed of 103–106 atoms are naturally
associated to an important inhomogeneous broadening
caused by various types of disorder. For example, it is statis-
tically unlikely to fabricate a series of identical quantum dots
for efficient laser operation, it is necessary to manually select
quantum dots and temperature tune their emission to match it
with a resonant cavity.10 It is also remarkably challenging to
find quantum dots exhibiting a symmetry high enough to
generate entangled photons via a biexcitonic cascade.8,9

It has been recently demonstrated that single isoelectronic
centers of one or two atoms can be optically resolved and
individually studied.11–14 First studied a few decades ago,
these systems offer a number of advantageous characteristics
over larger quantum dots. These quantum emitters are com-
posed of one, two, or three isoelectronic traps whose posi-
tions are determined by the host lattice. Measured from a
large ensemble, the inhomogeneous broadening, associated
with distinct atomic configurations, i.e., different numbers of
atoms or interatomic separation, is very large. It is then easy
to identify and distinguish various configurations and even
allows tuning the emission over a wide energy range.

However, the inhomogeneous broadening associated to an
ensemble measurement of any given configuration is typi-
cally very small, the positions of atoms being rigidly set by
the host lattice, and can approach the natural linewidth.15

Furthermore, in contrast to larger quantum dots, an isoelec-
tronic center composed of only a few atoms will exhibit a
well-defined symmetry set by the position of the constituent

atoms in the host lattice, allowing to create quantum emitters
of various symmetries and study a series of subtle but inter-
esting effects otherwise lost in larger dots of low or ill-
defined symmetry.

More specifically, isoelectronic traps, or more precisely
isovalent impurities forming excitonic bound states, allow
forming various molecular states in a crystal and could be-
come an interesting alternative to conventional quantum
dots. Individual substitutional impurities such as N or Bi in,
for example, GaP both bind excitons. The binding mecha-
nisms most commonly accepted is the following.15,16 Isova-
lent substitution always creates a localized singularity in the
host electronic density but it is generally not strong enough
to localize charge carriers. However, if the electronegativity
difference, this singularity can trap an itinerant carrier whose
charge can be determined from simple considerations. Nitro-
gen, a pseudoacceptor, attracts and traps an electron while
bismuth, a pseudodonor, traps a hole. This primary particle,
tightly localized in a volume which is about the size of a unit
cell,16,17 then binds a particle of the opposite charge through
Coulomb interaction, resulting in a bound exciton. As op-
posed to the potential created by charged impurities, the po-
tential trapping the primary particle is not coulombic and
exhibit a much shorter range. This localization creates a
fairly delocalized state in momentum space, explaining its
deep level like behavior despite a binding energy that can be
lower than that of hydrogenic impurities. Pairs of nearby
isoelectronic centers bind exciton through the same mecha-
nisms and, since the available interatomic separations largely
determines the overall binding energy, a series of discrete
emission, corresponding to different dyad configurations, are
observed.15 Naturally, the binding energy is further enhanced
by adding more atoms.18

A number of isoelectronic centers have been identified
and studied in a number of semiconductor hosts. In this
work, we analyzed the excitonic emission from Te dyads in
ZnSe. After a description of a few practical aspects related to
the sample studied and the measurement technique, we first
describe results from macrophotoluminescence �PL� mea-
surements. Then, we discuss in details a number of results
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obtained by studying the photoluminescence of single Te
dyads.

II. SAMPLE AND EXPERIMENTAL DETAILS

The sample investigated, grown by molecular-beam epi-
taxy on a GaAs substrate, consists of a single Te-doped layer
inserted between two 40-nm-thick ZnSe layers. The nominal
Te concentration was estimated from the ratio between the Te
and Se fluxes impinging on the substrate. The ZnSe growth
rate was calibrated at 0.5 monolayer �ML�/s by reflection
high-energy electron diffraction oscillation. Tellurium was
inserted during about 2 s with an equivalent flux of �2
�10−4 ZnTe ML/s. Such a low growth rate cannot be di-
rectly measured: the ZnTe growth rate �Te limited� was first
calibrated at 0.1 ML/s and then the Te effusion cell was cool
down following the Arrhenius law for Te sublimation to ob-
tain the required Te flux. Finally the expected density of Te
atom is 2500 �m−2. It corresponds to a dyad concentration
of 4 �m−2 whose optical emission can be easily resolved by
diffraction limited techniques.

Macrophotoluminescence measurements presented in Sec.
III were performed at 12 K using an excitation wavelength of
405 nm. The microphotoluminescence measurements pre-
sented in the following sections were performed at 4.5 K in a
custom-made confocal microscope in which the sample po-
sitioners and the microscope objective are located inside a
liquid helium cryostat while the remaining optics are located
outside at its top.19 A 405 nm excitation beam is brought to
the microscope with a polarization-maintaining single mode
optical fiber. In the microscope itself, the collimated beam is
directed inside the cryostat through a reflection by a polariz-
ing beamsplitter cube. It then passes through a motorized
half wave plate and is focused on the surface of the sample
using an aspherical lens. The excitation power is 250 �eV.
The PL is collected by the same objective, transmitted
through both the wave plate and the polarizing beamsplitter
cube, both of which allow analyzing the polarization of the
emitted light. The PL is then coupled into a 5 �m core po-
larization maintaining single mode optical fiber acting as a
confocal aperture. This microscope provides a spatial reso-
lution of 0.82 �m, allowing to probe the PL from a single Te
dyad. The PL is analyzed using a 55 cm spectrometer and a
charge coupled device camera providing an overall spectral
resolution of 300 �eV. The cryostat tail is inserted in the
bore of a superconducting coil magnet providing a magnetic
field up to 7 T in Faraday configuration.

III. PHOTOLUMINESCENCE FROM THE Te �-DOPED
EPILAYER AND THE ZnSe HOST

The emission energy of excitons bound to isolated Te at-
oms or to Te dyads of various interatomic separations has not
been accurately determined. A number of studies on Te-
doped ZnSe have been reported12,20–25 but the spectral as-
signment is often contradictory. For example, the emission
around 2.61–2.77 eV has been assigned to individual Te
atoms20–22 or Te dyads12,23–25 and the emission at 2.48–2.50
eV has been assigned to Te dyads20,24 or higher order

clusters.21,23 We note that in most of these studies little direct
evidence is provided to support these assignments. Compli-
cating matters further, the Te doping concentration typically
exceeds 1%, resulting in broad emission lines instead of the
sharp emission lines based on which assignments are typi-
cally proposed.26,27

In this section, we present macrophotoluminescence mea-
surements describing the emission from the host ZnSe crys-
tal and identify the spectral regions where Te dyads were
identified. Figure 1 shows the photoluminescence of the
ZnSe:Te sample measured with an excitation area exceeding
500 �m2. Several features can be observed but none can be
straightforwardly assigned to Te centers. The peak at 2.8 eV
is assigned to excitons bound to donors �D-X� �Refs. 25 and
28� and the sharp lines between 2.76 and 2.85 eV are as-
signed to donor-acceptor pair emission �D-A�.25,29 The emis-
sion line Y at 2.61 eV and its longitudinal optical �LO� pho-
non replica were assigned to Te dyads in Ref. 23 but this
feature was observed in Te undoped samples and associated
in Refs. 25 and 30 to the presence of dislocations. We there-
fore assume that this strong transition and its LO phonon
replica are not related to the Te atoms.

A broad band exhibiting numerous sharp structures is ob-
served between 2.68 and 2.76 meV. Almost all of the peaks
located in this region can be assigned to LO, transversal
optical, longitudinal acoustic, and transversal acoustic pho-
non replica and their combinations up to three phonons of
the D-A lines. We conclude that the ensemble measurement
like the one presented in Fig. 1 on a �-doped sample does not
allow observing and identifying Te-related emission lines. In
contrast, as has been reported recently12 and as will be dem-
onstrated in details in the following sections, micro-PL mea-
surements reveal several distinct Te dyad configurations of
different interatomic separations in the spectral range where
phonon replica of the donor-acceptor transitions dominate
ensemble measurements.

IV. LUMINESCENCE FROM SINGLE Te DYADS

In this section, we present the luminescence from single
Te dyads, as microphotoluminescence provides advantageous
conditions for the observation of Te related emission. Indeed,
we find that the intensity from D-A lines and their phonon
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FIG. 1. Macrophotoluminescence of the �-doped ZnSe sample.
Donor bound excitons �D-X�, donor-acceptor �D-A�, and
dislocation-related �Y� emission dominate the energy spectrum.
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replica varies considerably on the surface of the sample on a
micron scale and the emission from Te centers, occurring at
energies between 2690 and 2770 meV, can easily be ob-
served and studied in regions of the sample where this unre-
solved emission is weak.

The nominal surface concentration of the �-doped Te
�001� plane is 2500 �m−2. Assuming a simple stochastic dis-
tribution of Te atoms, we estimate the surface concentration
of dyads and triads at 4 �m−2 and 0.02 �m−2, respectively.
Considering that the detection area is about 1 �m2, emission
from isolated Te atoms should be unresolvable and the emis-
sion from Te triads should seldom be observed. Although a
perfectly random distribution is unlikely, these relative con-
centrations nonetheless indicate that only Te dyads are in the
appropriate range for single emitter spectroscopy. Indeed,
from a large number of measurements, we estimated that the
dyad surface concentration is about 1 �m−2, indicating that
the deviation from a random distribution does not affect the
argument presented above.

Measuring a single emitter lifts the orientational
degeneracy11 and allows the determination of symmetry of
the dyad by a careful analysis of the number of emission
lines observed and the orientation of their polarization
maxima with respect to the crystal lattice.31 We begin by
presenting an analysis of the excitonic structure for Te dyads.
For isoelectronic dyads, in contrast to conventional quantum
dots where strain and confinement push light-hole bands to
high energy, the analysis includes both heavy- and light-hole
bands. Hence, neglecting spin-orbit bands located 430 meV
above,32 eight excitonic states are considered. Taking into
account the effects of the electron-hole exchange interaction
and the strain field produced by the Te centers and their
neighboring atoms, the characteristics of excitonic spectra
can be used to unambiguously determine the symmetry of
the dyads.

Te being isovalent to Se, configurations and symmetries
of dyads are determined by positions of substitutional Te
atoms in the anion sublattice. Table I provides the number of

allowed transitions, their degeneracy and their polarization
characteristics for dyads of various symmetries.31 Two sce-
narios exist for D2d and C2v symmetries, depending if the
dyad direction is normal �called in plane� or not �out of
plane� to the wave vector of the emitted light, �001�. This
table allows an analysis of the excitonic structure under two
scenarios. The first applies to strain free ZnSe in which
heavy- and light-hole bands are degenerated and all excitonic
states exhibit a strongly mixed character. The optical transi-
tions and their respective polarization are given by the two
columns under the headings polarization direction and polar-
ization angle. For the considered point-group symmetries,
optical transitions take either the form of linearly polarized
singlets, x, y, or z, and nonpolarized �np� degenerate dou-
blets, �x ,y�. This scenario is usually the case for isoelec-
tronic centers.15,33,34 The second scenario is the one com-
monly used to analyze the emission from nanostructures in
which confinement and strain significantly lifts the degen-
eracy of the heavy- and light-hole bands, simplifying the
analyses by allowing to consider two independent and sepa-
rable hole subspaces. The first and second subdivision of the
columns mentioned above give the optical transitions associ-
ated to heavy- and light-hole bands, respectively. For the
case at hand, we have an intermediate scenario where heavy-
hole valence bands of ZnSe, epitaxially strained to the host
GaAs substrate, is pushed 12.6 meV below light-hole va-
lence bands. Although significant compare to the exchange
and crystal-field interaction, this valence-band splitting may
not be large enough to decouple heavy- and light-hole exci-
tonic states. Nonetheless, the mixing of the two hole sub-
spaces is expected to be considerably reduced.

Before analyzing the experimental results, it is important
to note that the symmetry of dyads presented in Table I does
not take into account the tetragonal distortion of the ZnSe
host induced by the GaAs substrate. Considering a host sym-
metry of D2d instead of Td significantly affects the overall
symmetry of dyads. For example, out-of-plane C2v becomes
C1, C3v becomes C1h, in-plane D2d becomes D2, and in-plane

TABLE I. �Color online� Emission characteristics as a function of the point-group symmetry defined by the relative orientation of the two
Te atoms in the anion sublattice. Optical transitions and their polarization are provided for different crystallographic orientations and defined
with respect to the axes shown with respect to the Te molecule. x, y, and z represent linearly polarized singlets and �x ,y� represent an
unpolarized �np� degenerate doublet. The polarization angle is defined with respect to the �110� direction in a plane whose normal is defined
by wave vector of the emitted light, �001�.

Symmetry
Orientation Example Observation

Polarization direction Polarization angle
(a0/2) (n=1) direction

D2d
[n00] or [0n0]

[00n]
�x
�z

y
(x, y)

y, z
(x, y)

45◦

np
45◦, 135◦

np

C3v [nnn] �z − �y (x, y), (x, y) (x, y), z np, np np, 0◦

C2v
[nn0]

[n0n] or [0nn]
�z

�y + �z

y, x
y, x

x, y
x, z, y

0◦, 90◦

45◦, 135◦
90◦, 0◦

135◦, 45◦, 45◦

C2
[310] 26◦ or 116◦ 26◦ or 116◦

[420]
3 transitions 4 transitions

18◦ or 108◦ 18◦ or 108◦

Cs
[211] 18◦ or 108◦ 18◦ or 108◦

[411]
3 transitions 4 transitions

30◦ or 120◦ 30◦ or 120◦
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C2v and out-of-plane D2d remains unaffected. Although the
symmetry is lowered by most forms of perturbations, it does
not necessarily mean that its strength is sufficient enough to
lift excitonic degeneracies and significantly mix excitonic
states to increase the number of allowed transitions. It will be
demonstrated in the next section that the excitonic emission
of Te dyads in ZnSe can be adequately analyzed using the
symmetry presented in Table I provided that the effects of
strain, lifting the degeneracy of heavy- and light-hole bands,
is taken into account. Furthermore, dyads of symmetry as
low as C1h and C1 would produce an emission spectra com-
posed of seven linearly polarized transitions. Since spectra
presenting such characteristics have not been observed, it is
assumed that the tetragonal distortion is not strong enough to
significantly affect the effective symmetry of dyads and will
be neglected in the following discussion.

Figure 2 presents the intensity of the luminescence from
two distinct dyads as a function of the energy and polariza-
tion angle. Both spectra are composed of two linearly polar-
ized transitions. The modest splitting between these two tran-
sitions ��2 meV� is much smaller than the valence band
splitting expected from the ZnSe strained epilayer, about
12.6 meV,35,36 indicating that the observed excitonic states
have either a dominant heavy- or light-hole character. The
compressive strain implies that heavy-hole states are located
at lower energy. A careful search at higher energy under vari-
ous excitation powers did not reveal a second set of transi-
tions associated with the light-hole states, indicating that
thermalization to the lowest excitonic states is efficient, as
generally observed at low temperature.

The symmetry of these two dyads can easily be deter-
mined from the data in Table I. Panel �a� shows two singlets

polarized along 0° and 90°. This signature is unambiguously
associated with an in-plane dyad of C2v symmetry, as it is the
only one producing two heavy-hole singlets polarized along

�110� and �11̄0�. The emission from the dyad presented in
panel �b� is polarized along 45° and 135°. Table I indicates
that the emission from in-plane D2d dyads should be com-
posed of one heavy-hole and two light-hole singlets and that
the emission from out-of-plane C2v dyads should be com-
posed of two heavy-hole and three light-hole singlets, all
polarized along 45° or 135°. The presence of two heavy-hole
singlets strongly suggests that the symmetry of this dyad is
also C2v, but instead of being oriented perpendicular to the
emission wave vector �001�, it is oriented at 45°. The iden-
tification of the symmetry of this second dyad was based on
the assumption that there is no significant mixing of the
heavy- and light-hole states. As mentioned, we expect a
single heavy-hole singlets from an in-plane dyad of D2d but a
weak second orthogonally polarized singlet could appear in
the case of a strong mixing. This possibility is ruled for two
reasons. First, the splitting of �12.6 meV implies that the
strength of this mixing should be rather small. Second, the
emission energies of the dyads presented in Fig. 2 are very
similar, which would not be expected from dyads of different
configuration.

Figure 3 shows a peak separated from the excitonic tran-
sition by about 31.7 meV, revealing a phonon replica involv-
ing a LO phonon. The intensity ratio gives a Huang-Rhys
factor of S=0.15, much smaller than the value S=1.1 esti-
mated from macroscopic measurements on �-doped ZnSe:Te
with relatively high Te concentration.25 As a single dyad is
observed, the shape of the phonon replica directly probe the
phonon density of states. In fact, the significant increase in
width of the phonon replica �full width at half maximum
=0.7 meV� compare to the zero-phonon line �0.15 meV, lim-
ited by the resolution of our setup� corresponds to the calcu-
lated phonon density of states �0.52 meV�.37 We can then
assume that the asymmetrical shape of the phonon replica
peak is related to the phonon density of state.

We measured the PL of the dyad shown on Fig. 2�b� under
the influence of a magnetic field applied in Faraday configu-
ration along the �001� direction. Figure 4 shows the PL in-
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FIG. 2. �Color online� PL from single Te dyads were only tran-
sitions with a heavy-hole character are observed. �a� In-plane C2v
and �b� out-of-plane C2v.
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FIG. 3. PL intensity of a Te dyad for linear polarization at 135°.
A LO phonon replica is observed on the low-energy side. The inset
zooms on the phonon replica peak. The integration time is 30 s.
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tensity as a function of the emission energy and the magnetic
field measured for polarization angles of 45° and 135°. For
the signal polarized at 45°, effects related to intensity fluc-
tuations and spectral diffusion will be discussed in Sec. VI.
The intensity of the two transitions polarized at 135° varies
asymmetrically as a function of the magnetic field. This
asymmetry is not yet understood. The field induces a very
small Zeeman splitting of 13�3 �eV T−1 and a small depo-
larization of both transitions. The diamagnetic shift common
to both transitions, calculated with 1

2�i=1
2 Ei�B�−Ei, is qua-

dratic with the magnetic field with a diamagnetic coefficient
of 1.14�0.13 �eV T−2. This coefficient can be used to es-
timate the localization of the carriers of the exciton bound to
the Te dyad. The diamagnetic shift coefficient of two con-
fined particles without Coulomb interaction can be written
as38

� =
e2

8
� �re

2	
me

+
�rh

2	
mh


 = �e + �h, �1�

where mh and me are the usual carrier effective masses and
�rh

2	1/2 and �re
2	1/2 are the average radii of the localization

region of the hole and electron. Assuming it is bound to a
hole of larger mass, the calculated radius of the electron
wave function is about 3.25 nm. According to Eq. �1�, the
diamagnetic shift associated to the electron should then be
�e=1.1 �eV T−2. Using the experimentally measured shift
and an heavy-hole mass of mh=0.6m0, the hole contribution
is �h�0.17 �eV T−2 and its radius should then be less than
2.1 nm. Although an approximate value, it reveals a strong
localization of the hole wave function, in agreement with the
Hopfield-Thomas-Lynch �HTL� model for an isoelectronic
pseudodonor.39

V. DYAD CONFIGURATIONS

For nitrogen in GaP and GaAs, two of the most studied
isoelectronic systems, dyad emission extends 130 and 160
meV below that of the exciton bound to a single nitrogen
atom.15,27 The multiple dyad configurations, defined by the
symmetry and interatomic separation, produce an emission
spectra composed of several discrete lines. As the energy
separation between dyads of different configurations is much
larger than energy spanned by the excitonic states of any
given one, it was relatively straightforward to deduce the

configuration of the dyads based on the characteristics of
their experimental spectra. In contrast, it is considerably
more challenging to determine atomic configurations of Te
dyads in ZnSe.

Emission from excitons bound to isolated Te atoms could
not be observed or identified and could not therefore be used
as a reference for the analysis of the configuration. Since the
concentration of Te is relatively high, its emission should
have been observed in both macroluminescence and microlu-
minescence measurements, provided that its energy is lo-
cated in the band gap of ZnSe. However, all spatially unre-
solved lines shown in Fig. 1 could readily be assigned to
impurities commonly found in ZnSe. This may suggest that
the Te bound excitonic state may be resonant with the va-
lence band of ZnSe. This is the case for nitrogen atoms in
GaAs where the excitonic state is located about 150 meV
above the conduction-band minimum.27

Figure 5 shows the emission energy of the excitonic tran-
sitions of all dyads observed and analyzed in this work. As
had been previously reported,12 we found that the emission
from Te dyads produce a rich spectra spanning more than 70
meV in energy. We discuss in this section the origin of this
wide distribution. We assume that Te atoms always occupy
anionic sites as if a significant fraction of Te atoms had been
interstitial, their emission spectra would have revealed a
large number of dyads of relatively low symmetry.

The large variation in emission energies suggests that
these dyads are likely composed of dyads of different con-
figurations. However, we have analyzed the emission of a
large number of dyads emitting over a wide energy range and
we were unable to find dyads with a symmetry other than
C2v. More specifically, no dyads of C3v and D2d symmetries
could be conclusively identified despite actively looking for
their presence. However, this does not imply that all dyad
observed share the same interatomic separation. Indeed, it
has been established that the emission energy does not vary
monotonically as a function of interatomic separation17 be-
cause of an elongation of the electron wave function along
�110	, the two lowest energy configuration correspond to dy-
ads of first and fourth nearest anionic neighbor, both of C2v
symmetry. In GaAs, the two lowest energy nitrogen dyads
are indeed of C2v symmetry and are separated by 10 meV,11

and, theoretically, a similar ordering has been found in GaP
with a separation of about 40 meV.17 Therefore, it appears
likely that first �TeTe1� and fourth �TeTe4� neighbors are
observed. Furthermore, the large energy spread might sug-
gest that other dyads, predominantly oriented along �110	,
might contribute to the data shown in Fig. 5.

Even if a large fraction of this energy spread can be ex-
plained by the presence of a number of dyads with different

-4 -2 0 2 4
2747.5

2748.0

2748.5

2749.0

Magnetic field (T)

135°
E
ne
rg
y
(m
eV
)

Magnetic field (T)
-4 -2 0 2 4

45°

FIG. 4. �Color online� PL intensity �color scale� as a function of
the emission energy and magnetic field for linear polarization at 45°
and 135°.
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FIG. 5. Emission energy of all dyads observed in this work
classified according to their orientation, in plane or out of plane.

EXCITONS BOUND TO Te ISOELECTRONIC DYADS IN ZnSe PHYSICAL REVIEW B 82, 235309 �2010�

235309-5



interatomic configuration, effects related to inhomogeneous
broadening are also considerable. As mentioned above, it is
impossible to group dyads with identical configurations. In
contrast, inhomogeneous broadening of nitrogen dyads in
GaAs is less than a few millielectron volts,11 and much lower
than the energy separation between different dyad configura-
tions. The lack of obvious clustering of the data presented in
Fig. 5 suggests that the broadening is similar in magnitude to
the energy separation between configurations. This large in-
homogeneous broadening could be explained by a number of
factors. First, a dislocation-related emission �Y� was clearly
identified from the macroluminescence spectra. This sug-
gests that the crystal quality is somewhat compromised by
the strain field created by the dislocation and the electric
field possibly created by strings of trapped charges. This re-
sults in fluctuations in local environment on a scale that can-
not be probed by diffraction limited techniques. Furthermore,
Fig. 1 reveals the presence of a significant number of donors
and acceptors and any dopants overlapping with the wave
function of the Coulomb-bound electron will significantly
affect the emission energy of the dyad.

It is important to reiterate that this inhomogeneous broad-
ening is not related to the dyad itself but to a perturbation
located in its immediate environment. Therefore, in prin-
ciple, an immediate vicinity of better crystallinity and lower
dopant concentration should offer the uniformity found in
other isoelectronic systems.11,15

VI. INTENSITY AND SPECTRAL FLUCTUATIONS

The emission from Te dyads often exhibits intensity fluc-
tuations and spectral diffusion. These variations occur on a
time scale spanning at least two orders of magnitude and
appear to be sensitive to the level of excitation. Figure 6
shows the evolution of a spectrum as a function of time for a
polarization angle of 0°. The line located on the low-energy
side is emitted by an in-plane C2v dyad. The other lines com-

posing these spectra are emitted by three or more dyads lo-
cated in the same detection volume. At around 150 s, a per-
turbation, lasting about 8–10 s, occurring only in the close
vicinity of the C2v dyad, blueshifts its energy by approxi-
mately 1 meV. The length scale of the perturbations at the
origin of these fluctuations consistently appears to be much
less than the size of the detection volume as most all other
emission lines remained unaffected by this sudden perturba-
tion. Although such spectral diffusion is often seen as a del-
eterious, it can useful to discriminate the emission from a
number of emitters located in the same detection volume.

The spectral diffusion can also take the form of slow
drifts. Figure 7 shows the luminescence of three in-plane C2v
singlets as a function of time. Panels �a� and �b� show a
significant blueshift and redshift occurring on a time scale of
hundreds of second and panel �c� shows an abrupt quenching
of the emission. The occurrence of these phenomena inten-
sifies at high excitation intensity. All the data presented in the
other sections of this work were taken under the lowest ex-
citation possible to reduce the spectral diffusion and tempo-
rary quenching of the emission.

For conventional quantum dots, an abrupt shift of the
emission is generally explained by the electric field produced
by charges dynamically trapped in the vicinity40 while a con-
tinuous tuning of the emission occurs when a large number
of charges are trapped at larger distances. The magnitude and
sign of this Stark shift results from two opposing effects.41

The electric field reduces the energy of both electron and
hole states and this way contributes to a redshift of the emis-
sion. The field also decreases the overlap of electron and
hole wave functions, reducing the Coulomb energy and
thereby contributing to a blueshift. For Te dyads, it appears
that these two effects are of similar magnitude as both red-
shift and blueshift can readily be observed, the net result
likely determined by the local environment of the dyad.
Finally, the quenching presented in panel �c� of Fig. 7 is
abrupt and common at high excitation intensity. It appears
that long-lived traps in the close vicinity of the dyad
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FIG. 6. �Color online� Time evolution of the energy and inten-
sity of the luminescence for a few dyads located in the same detec-
tion volume. The integration time is 3 s and the linear polarization
angle is 0°. The transition positioned at lower energy, associated
to a single in-plane C2v dyad, exhibits an abrupt change at around
150 s.
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FIG. 7. �Color online� Time evolution of the emission spectra
from three different dyads. The integration time is 0.1 s and the
polarization angle is 0°. These spectra are representative of the
various behaviors observed.
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significantly perturb the radiative process for extended
periods.

VII. CONCLUSION

We have presented a thorough analysis of Te dyads in
ZnSe. In microphotoluminescence experiments, excitons
bound to dyads of C2v symmetry with various interatomic
separations are observed. The diamagnetic shift are consis-
tent with the HTL bound exciton model with a relatively
delocalized electron state and a more localized hole state. For

all dyads, excitonic states of light-hole character appear to be
suppressed and the emission is dominated by transitions in-
volving only heavy-hole states. An analysis of a large num-
ber of dyads shows that several interatomic separations are
likely observed. These last two aspects indicate large varia-
tions in atomic environments significantly affecting the exci-
tonic states, resulting in an inhomogeneous broadening of
considerable magnitude. Dynamic variations in local envi-
ronments result in intensity fluctuations and spectral diffu-
sion of the emission spanning time scale extending by sev-
eral orders of magnitude.
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