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Optical properties of photodetectors based on wurtzite quantum dot arrays

P. Tronc*
Laboratoire d’Optique Physique, Ecole Supérieure de Physique et Chimie Industrielles, 10 rue Vauquelin, 75005 Paris, France

K. S. Zhuravlev and V. G. Mansurov
Institute of Semiconductor Physics, Prospekt Lavrentieva 13, 630090 Novosibirsk, Russia

G. F. Karavaev and S. N. Grinyaev
Kuznetsov Siberian Physicotechnical Institute, Tomsk State University, Pl. Revolyutsii 1, Tomsk 634050, Russia

I. Milosevic and M. Damnjanovic
Faculty of Physics, University of Beograd, P.O. Box 368, Beograd 11001, Serbia
(Received 7 March 2007; revised manuscript received 6 February 2008; published 21 April 2008)

We show that two types of wurtzite quantum dots can be grown with the C5, symmetry. Their symmetry axis
coincides with a threefold proper rotation and a 65 improper rotation axis of the wurtzite lattice, respectively.
One-, two-, and three-dimensional periodic structures made of such dots are considered. Most of them have the
C3, point symmetry except some one- and three-dimensional structures that have the C¢, one. The symmetry
planes and possible glide planes for the dots and dot structures are those of the wurtzite matrix. It is shown that,
under incident light propagating along the growth direction, the absorption is strong for valence-to-conduction-
band transitions but, on the contrary, the absorption is weak in infrared detectors based on transitions within the
conduction band. It makes it necessary to draw a grating to change the light direction within the device (as is
also the case for infrared detectors based on wurtzite quantum wells or superlattices).
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I. INTRODUCTION

Numerous optoelectronic devices involving quantum dot
(QD) arrays are currently under study. For example, in the
GaN/AIN system, both intraband and interband transitions
are of interest, the former in the infrared wavelength range
including fiber-optic telecommunication wavelengths at 1.3
and 1.55 um,'3 the latter in the blue and UV range. In ad-
dition, due to the Froelich interaction in highly ionic wurtzite
materials, the absorption recovery time is extremely short, of
the order of few hundreds of femtoseconds, for intersubband
transitions in the GaN/AlGaN system.*® Infrared photode-
tectors based on conduction intersubband transitions in
GaN/AIN QD structures have been proposed.®’ Dispersion
of QD dimensions naturally arising from growth broadens
the detector response range. The devices are generally based
on multilayered QD structures. Indeed, QDs cover only a
small percentage of the plane surface in a layer and it is
useful to increase the number of layers to improve the cou-
pling with the light.® In addition, the structures can be of
better quality than those involving a single layer when the
few first layers are of lower quality than the following ones.’
Last, it is noteworthy that the wurtzite lattice is a polar one.
The nanostructures grown along the ¢ axis direction can
present a huge built-in electric field arising from the piezo-
electric effect and the difference in spontaneous polarizabil-
ity between the dot and matrix materials.'?

It will be shown hereafter that the wurtzite lattice allows
growing two types of high-symmetry dots. Both types have
the C5, symmetry. Orientation of the dots is imposed by the
matrix lattice that dramatically reduces the number of pos-
sible configurations for the QD structures. We consider here-
after the three types of structures, namely, a single chain of
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dots stacked one over the other along the ¢ axis of the wurtz-
ite lattice that is chosen as the z axis, a single layer with a
regular trigonal or hexagonal distribution of dots within the
layer plane, and last, a multilayered structure made of such
layers with dots stacked along the ¢ axis and forming chains.
Determining the exact symmetry of the dot structures allows
deriving the optical selection rules and relative intensities of
the transitions. It makes it possible to optimize the design of
the photodetectors even if the structures considered hereafter
have a rather high symmetry, sometimes higher than that of
some grown QD structures. In addition, it will be shown that
the possible space-symmetry groups of high-symmetry dot
arrays are identical to those of wurtzite quantum wells
(QWs) or superlattices (SLs). Therefore, the optical selection
rules and hence, in particular, the relative intensities of con-
duction intersubband transitions are the same.

The present paper is organized as follows. In Sec. II, we
analyze the space symmetry of the various QD-based struc-
tures as well as the site symmetry of atoms in the lattices and
the symmetry lowering by an applied magnetic or electric
field. Section III is devoted to establishing the selection rules
for dipolar transitions, exciton recombination, infrared ab-
sorption, and Raman scattering. Particular attention is paid to
infrared photodetectors based on conduction intersubband
transitions. It is shown that the transitions between the
ground state and the first-excited states are weak with inci-
dent light propagating perpendicular to the layers, which
makes it necessary to use a grating to change the direction of
the light within the device. That is also the case for infrared
photodetectors based on conduction intersubband transitions
in wurtzite QWs or SLs. The next section deals with the
envelope function approximation. Section V considers a few
topics such as built-in electric field, distinguishing structures

©2008 The American Physical Society


http://dx.doi.org/10.1103/PhysRevB.77.165328

TRONC et al.

FIG. 1. The wurtzite lattice with a type I dot (thick line) and two
type II dots (dashed and dotted-dashed lines, respectively), the latter
with the same axis and pointing in the opposite directions. The
bases of the two type II dots lie in consecutive monolayers.

with different symmetries, wetting layer effect, and in which
ways wurtzite-QD-structure symmetry can be lowered. Sec-
tion VI provides a brief summary of the results.

II. SYMMETRY ANALYSIS

The wurtzite lattice (Cgv nonsymmorphic space group)
has a threefold rotation axis and a 65 improper rotation
(screw) axis. Both axes are parallel to the ¢ direction but do
not coincide one with the other. In addition, the 65 axis is
also a threefold rotation axis. Whereas atoms of the lattice lie
on threefold axes, the 6; axes do not bear any atom. The
three symmetry planes are parallel to the ¢ axis and each of
the three glide planes parallel to the ¢ axis is perpendicular to
one of the symmetry planes.!! Hereafter, we consider QD
structures whose dot and matrix materials are stoichiometric
binary compounds with common anion or cation as, for ex-
ample, GaN/AIN dots. They have the shape of truncated
pyramids whose basis lies within the layer plane. From the
structure of the wurtzite lattice, it can be predicted that two
types of QDs with a threefold symmetry axis can be grown
along the ¢ direction: the symmetry axis of type I QDs co-
incides with a threefold rotation axis of the wurtzite lattice,
whereas that of type II QDs coincides with a 65 screw axis.
The bases of type I dots are hexagons whose sides are per-
pendicular to the symmetry planes, i.e., parallel to the glide
planes parallel to the ¢ axis. The symmetry planes of the dots
are those of the wurtzite lattice and the dot symmetry is
described by the Cs, point group.'? Hereafter, the labeling of
point groups follows Ref. 13. Due to the wurtzite lattice, it is
not possible to build hexagonal type II dots (Fig. 1). Never-
theless, it is possible to achieve type II dots with the Cjy,
symmetry (see few examples in Fig. 2). Their three symme-
try planes are those of the wurtzite matrix and their shape
arises from that of an equilateral triangle. From a layer of the
wurtzite lattice, one can grow two subfamilies of identical
type II dots that are pointing in opposite directions with re-
spect to the symmetry planes of the wurtzite lattice (Fig. 1).
Besides, two identical type II dots grown from two consecu-
tive layers of the wurtzite lattice and having the same sym-
metry axis are pointing in opposite directions (Fig. 1). Of
course, when the size of dots is increased, their shape can be
made closer and closer to that of a regular hexagon. In any
case, type I and type II dots have the same three symmetry-
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FIG. 2. Examples of (a) type I dot and (b) type II dots, pointing
in the opposite directions, and (c) larger type II dot.

plane directions. When analyzing the symmetry of the struc-
tures, we adopt the approximation that the atoms are on the
sites of a wurtzite lattice with lattice constants being aver-
ages between the lattice parameters of dot and matrix mate-
rials. Taking this approximation into account, the coordinates
of all the atoms in the lattice are well defined and one can
determine both the space group and the atomic arrangement
over the Wyckoff positions for arbitrary periodic structure.
(1) We consider chains made of dots of the same type
only (type I or type II) and having the same symmetry axis.
The dots have the same size and shape as well as the same
distance between first neighbors. They form a one-
dimensional periodic lattice whose space symmetry is de-
scribed by a rod group or, in more general notations, a line
group (hereafter, the labeling of rod and line groups follows
Refs. 14 and 15, respectively). Each rod group has the same
symmetry operations, except the translations along the x and
y axes, as one particular three-dimensional three-periodic
space group that will be labeled hereafter as the correspond-
ing group.'® The one-dimensional Brillouin zone (BZ) of the
rod group coincides with the k_ restriction of the BZ of the
corresponding three-dimensional three-periodic space group
and presents the same symmetry properties as the restriction.
Therefore, the irreducible representations (IRs) of
the rod groups can be directly taken from the tables of the
IRs of the corresponding three-dimensional three-periodic
space groups. Within the one-dimensional BZ, the optical
selection rules are the same as for the corresponding space
group along the k, axis. The k, wave vector has to be kept in
a direct transition. Let m and n be the numbers of monolay-
ers within a dot and between two adjacent dots, respectively
(a monolayer involves a single plane with cations only and a
single plane with anions only). For odd values of m+n, the
65 axis is kept as well as the three glide planes. The unit cell
is spread in the z direction over 2(m+n) monolayers and
involves two dots (pointing in the opposite directions in the
case of type II dots). The symmetry of the structure is de-
scribed by the R 70 rod group (or by the line group!” Ly
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FIG. 3. Single layer with a diperiodic distribution of (a) type I
dots and (b) type II dots and (c) and (d) type I and type II dots.

=T}Cs,), the corresponding space group being P6ymc (C,).
For even values of m+n, the 65 axis is replaced by a three-
fold rotation axis, the unit cell is spread over m+n monolay-
ers, and the symmetry of the structure is described by the R
49 rod group (or by the line group'” L¢,=T:Cs,), the corre-
sponding space group being P3m1 (C3,).

(2) A single layer with a diperiodic distribution of dots
within the layer plane can involve both type I and type II
dots. Its symmetry is described by a layer group (hereafter,
the labeling of layer groups follows Ref. 14). Each layer
group has the same symmetry operations, except the transla-
tions along the z axis, as one particular three-dimensional
three-periodic space group that will be labeled hereafter as
the corresponding group.!® The correspondence between
layer groups and three-dimensional three-periodic space
groups is provided in Ref. 19. The two-dimensional BZ of
the layer group coincides with the (k,,k,) restriction of the
BZ of the corresponding space group and presents the same
symmetry properties as the restriction. In particular, the layer
group and its corresponding group have the same point sym-
metry. The IRs of the little group of the (k,,k,) wave vector
can be directly taken from the tables of the IRs of the corre-
sponding space group. Within the two-dimensional BZ, the
optical selection rules are the same as for the corresponding
space group in the (k,,k,) plane. The (k,,k,) wave vector has
to be kept in a direct transition. The 65 screw axis of the
wurtzite lattice is lifted due to lack of translational symmetry
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along the c¢ direction. Among the structures with the highest
possible symmetry, one can find structures with a single type
of dots and structures with both types of dots. The three
symmetry planes of the structure are those of the wurtzite
lattice. In layers with a single type of dots only, each dot has
six first neighbors [Figs. 3(a) and 3(b)]. In layers where first
neighbors are of different types, each type I dot has six type
II first neighbors and each type II dot has three first neigh-
bors of each type [Figs. 3(d) and 3(c)]. The symmetry of any
of these structures is described by the L 69 layer group. The
corresponding space group is P3m1 (C}).

(3) A multilayered structure is obtained by combining a
single layer with chains along the ¢ direction. It is a three-
dimensional structure whose symmetry is described by a
space group. Depending whether m+n is odd or even, the
structures have either the P6ymc (C¢,) symmetry, the 65 axis
and the three glide planes being kept, or the P3ml (C;v)
symmetry. The unit cell is spread in the z direction over
2(m+n) monolayers in the former case and on m+n mono-
layers in the latter case. Table I displays the space and point
symmetries as well as the corresponding group for the vari-
ous structures.

(4) The site symmetry of an atom in a structure is C; (no
symmetry) except when the atom is located within a symme-
try plane (the site symmetry includes the plane and is de-
scribed by the C, (o) point group) or when the atom lies on
a threefold symmetry axis of the wurtzite lattice (the site-
symmetry group includes the axis and is described by the Cj,
point group). The latter case occurs only for type I dots.

(5) A uniform magnetic field (axial vector) applied to a
structure keeps a symmetry or glide plane (the latter with its
improper translation) when perpendicular to it.”’ The field
keeps also any translation as well as the proper and improper
rotations whose axes are parallel to its direction. Besides, the
gauge transformations under the symmetry operations deeply
modify the symmetry properties of the electron wave
functions.?’ In QDs and one-periodic structures, such as
chains, the symmetry is described by point groups and rod
groups, respectively, whatever is the orientation of the field
with respect to the structure. In two-periodic structures, the
symmetry is described by a rod group when the field lies in
the layer plane and by a point group when it does not. In the
three-periodic structures, the symmetry is described by a rod
group whose axis is parallel to the field.

(6) A uniform electric field keeps a symmetry plane when
contained in it. For a glide plane to be kept by the electric
field, the latter has to be in the plane and perpendicular to the
improper translation, i.e., in the present case, to the ¢ axis.
An electric field lifts the translational invariance in the direc-
tions that are not perpendicular to it.

TABLE I. Space symmetry and point symmetry (in parentheses) of the various structures.

Type I or type II dots

Type I and type II dots

Corresponding group

Single chain 0dd m+n: R 70 (Cg,)
Even m+n: R 49 (Cs,)
L 69 (Cs,)

Odd m+n: Cév (Cep)
Even m+n: C3, (Cs,)

Single layer
Multilayered
structure

Ceo
C3v
L 69 (C3,) i,

Odd m+n: Cgv (Cep)
Even m+n: C3, (Cs,)
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III. DIPOLAR OPTICAL SELECTION RULES, EXCITON
RADIATIVE RECOMBINATION, INFRARED
ABSORPTION, AND RAMAN SCATTERING

Bulk hexagonal GaN and ZnO are direct-gap semiconduc-
tors (at the I' point). The symmetries of the lower conduction
band and of the three upper valence bands (the latter in in-
creasing energy ordering) in GaN are described by the I',
I'y, I';, and I'; double-valued IRs of the Cgv space group,
respectively. (Hereafter, the labeling of space group IRs fol-
lows Ref. 21. In the labeling, the I's and I'¢ IRs are ex-
changed in comparison with notations common for the II-VI
materials.) Note that when the spin-orbit interaction (SOI) is
not taken into account, the symmetries of the lower conduc-
tion band and of the upper valence bands (there are only two)
are described by the I'}, T'y, and I'; single-valued IRs of the
C?, space group, respectively.?> With the account of SOI, the
I') IR transforms into I';, whereas I'y splits into I';+T.
More generally, in wurtzite-based structures, the single-
valued IRs transform as follows when taking into account the
SOI:

]._‘1’2 — F7, F3’4 — Fg, FS — rg + Fg, FG — F7 + rg
(Cév space group),

IN,—Te¢ 3 =Ty +T5s (Céu space group), (1)

where the I'y and I'5 IRs of the C;U group are complex con-
jugate (coreps). They correspond to the same energy level
but split under an applied magnetic field.

In ZnO, the symmetries of the lower conduction band and
of the three upper valence bands are the same as in GaN, but
the ordering in energy of the valence bands is perhaps dif-
ferent. It seems reasonable to assume that the QD-based
nanostructures considered in the present work are, like bulk
GaN and ZnO, direct-gap semiconductors at the I' point,
except perhaps the structures with very small dots (few
monolayer thick) as occurring for some GaAs/AlAs SLs
with the zinc blende lattice. It is the reason why our study is
focused onto the T" point for dipolar optical electron transi-
tions. Dipolar optical transitions, exciton radiative recombi-
nation, first and second order infrared absorption, and Raman
scattering are of interest for both analyzing the electron
structure of the dot arrays and defining the way they operate
in devices.

A. Dipolar optical transitions

Dipolar optical valence-band-to-conduction-band transi-
tions and exciton radiative recombination have been studied
in structures with the C‘gv space group, such as bulk GaN
(Ref. 22) or (GaN),,/ (AIN), SLs with odd values of m+n,??
as well as in structures with the C;U space group, such as
(GaN),,/ (AIN),, SLs with even values of m+n, or having the
Cév group as the corresponding group, such as (GaN),,/ AIN
QWs.23 The subduction procedure of the I' IRs of the C,
group onto its Cév subgroup provides the following corre-
spondence:
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TABLE II. Kronecker products of the I' IRs of the Cév group:
(a) single-valued IRs and (b) double-valued IRs. The allowed po-
larizations for electron transitions and exciton radiative recombina-
tion are shown in parentheses.

(a) T, r, I's

T I'i(2) r, F3(X,)’)

r, I, I'i(2) I3(x,y)

I3 I50x,y) I5(x,y) () +T+5(x,y)
(b) Ty s Ts

Iy I, I'i(2) I50x,y)

s Fl(Z) r, Fs(X,Y)

Ts I50x,y) I5(x,y) (@) +T+5(x,y)

1ﬂ1,4 — Iy, Fz,s — I, F5,6 — 13
(without the account of the SOI),

I'7g— T I'g—1T,+Is (with the account of the SOI).

(2)

The vector representation is I';(z) +'¢(x,y) in the Cgv space
group and I';(z)+T'5(x,y) in the Cj, group. From the Kro-
necker products of the single-valued IRs and of the double-
valued ones, it is possible to get a complete picture of optical
transitions together with their relative strength. Indeed, the
strong transitions should be allowed even when the SOI is
not taken into account, whereas the weak transitions should
be allowed only from the SOI. The Kronecker products of
single- and double-valued IRs of the Cgu group can be found
elsewhere?”> and those for the Cév group are displayed in
Table II. Figure 4 shows the full set of interband transitions
both when the SOI is not taken into account and when it is.
In the latter case, Fig. 4 provides the relative strength of the
various transitions. It is worth noticing that the double-
valued IRs describe the only possible wave function symme-
tries when the SOI is taken into account: there are three in
each of both groups. Figure 4 shows that the optical transi-
tions between the two upper valence bands (at least in the
case of GaN) and the conduction band are strong in x,y
polarization, i.e., with light propagating along the growth
direction. It is also the case for the transitions between the
valence bands with the exception of the transition between
the I'; and Ty states arising from a I state in the Cgv group.

When designing near-infrared photodetectors, particular
attention should be paid to transitions between conduction
states since the conduction barrier height allows getting tran-
sitions with higher energy than with holes. With the account
of the SOI, the ground state in the conduction band has the
I'; (T'g) symmetry for the systems with the C¢, (C3,) sym-
metry. Figure 5 shows the optical selection rules for optical
transitions from the conduction ground states in the Cg,
(Cév) group both when the SOI is not taken into account and
when it is. In the latter case, Fig. 5 provides the relative
strength of the various transitions. With incident light propa-
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FIG. 4. Symmetry diagrams at the BZ center for the group: (a)
Ce, and (b) C},. The polarizations shown in capitals (strong transi-
tions) are allowed both without and with the account of the SOL
The polarizations allowed only from the SOI (weak transitions) are
shown in parentheses.

gating along the growth direction, the absorption is strong
only for transitions to states arising from a I'¢ (I';) single-
valued symmetry. Computations of band structures for
group-III nitrides have appeared in the literature.>* For GaN,
for example, when the SOI is not taken into account, the first
I'¢ state in the conduction band is located at 8 eV above the
ground T'; state. In between are only two states, with the I'5
symmetry, which therefore cannot induce transitions from
the ground state (Fig. 5). As a consequence, it likely seems
that the first-excited states do not arise from the I'y GaN
state. It precludes strong absorption in the x,y polarization
between the ground and first-excited states for the structures
with the C‘év group (generally, in detectors, the first-excited
state is located in energy near the top of the barriers). The
statement is also valid for structures with the C;U group or
corresponding group since only the I'; symmetry arises from
the I'y symmetry of the Ci, group [Eq. (2)] (Fig. 5). As a
consequence, when building a detector structure, it is neces-
sary to draw a grating to change the direction of the light
within the device. The above result concerning light polar-
ization for strong absorption has been experimentally dem-
onstrated for GaN/AIN QDs.! It is worth noticing that the
above conclusions about the optical selection rules and rela-
tive intensities of absorption lines also hold for infrared de-
tectors made of QWs or SLs, since the QWs have the Clv
group as the corresponding group® and the SLs have the C;,
or Cg, space group depending on the parity of m+n.>> This
has been experimentally demonstrated for GaN/AIN.?

B. Infrared absorption and Raman scattering

Selection rules for first and second order infrared absorp-
tion and Raman scattering were also studied for structures
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FIG. 5. Symmetry diagrams at the BZ center for the transitions
between the conduction ground state and the conduction excited
states in the group: (a) Cgv and (b) Cév. The polarizations shown in
capitals (strong transitions) are allowed both without and with the
account of the SOI. The polarizations allowed only from the SOI
(weak transitions) are shown in parentheses.

with the symmetries considered in the present work.?62” One
can refer to these works to get the selection rules for the dot
arrays in the various optical experiments mentioned above.
Note, when studying infrared absorption and Raman scatter-
ing, that the phonon density of states (DOS) depends on the
repartition of the atoms on the Wyckoff positions. The DOS
influences the intensities of the lines in the spectra. In struc-
tures with the Cgv space group or corresponding group, at-
oms located at any Wyckoff position induce the infrared ac-
tive phonon modes (the I'; and I'y modes) and the Raman
active phonon modes (the T';, T's, and I', modes).?® In struc-
tures with the Cév space group or corresponding group, the
infrared active phonon modes and the Raman active phonon
modes are the same (the I'; and I'; modes) and are induced
by atoms located at any Wyckoff position.?

The Froelich interaction characteristics in the considered
structures are essentially the same as those in ZnO nanorods
and nanotubes.!! Due to the Froelich interaction, the Raman
transitions involving the z polarization should be strong. Of
course, differences in atomic masses and/or deformation po-
tentials can induce notable changes in the results when going
from one material to another.

IV. ENVELOPE FUNCTION APPROXIMATION

When the dimensions of the dots are large compared to
the bulk-material unit cell, the dot structures can be studied
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by using the envelope function approximation (EFA). EFA
models the dots with the help of a potential barrier at the
interfaces and the use of effective masses. It is widely ac-
cepted that, in wurtzite bulk crystals, the electron effective
mass is isotropic, whereas the in-plane and perpendicular
hole effective masses are different from each other. In EFA,
the symmetry of a type I dot is described by the Cg, point
group,'? whereas the symmetry of a type II dot is described
by the C5, point group. The symmetry of QD arrays involv-
ing type I dots only is described by the Cg, point group,
whereas the symmetry of arrays involving type II dots only
or dots of both types is described by the C3, point group. No
space symmetry can be assigned since no crystalline lattice is
considered in EFA. Nevertheless, the eigenvalues of the
components of the momentum in the direction(s) along
which a translational symmetry does exist are good quantum
numbers and should be kept in a direct optical transition.

V. DISCUSSION

It should be pointed out that increasing the coupling be-
tween dots by lowering their relative distance and/or increas-
ing their size induces formation of energy bands, which low-
ers the ground electron energy levels but does not change the
symmetry of the structure. Besides, several topics should be
considered about the dot arrays.

A. Built-in electric field

A huge built-in electric field arising from the piezoelectric
effect and the difference in spontaneous polarizability be-
tween the dot and matrix materials is expected in the
structures.?® The field has been previously studied within
single dots.'?> In the structures considered here, the field
keeps the translational symmetry and the point symmetry
elements (symmetry planes, possible glide planes, and screw
axes) in the chains and hence in any structure. As a result, the
space symmetry is kept.

B. How to distinguish structures with the C¢, and C;, groups

Polarized-light experiments can help in distinguishing dot
structures with the Cg, point symmetry from those with the
C;, symmetry. Indeed, the existence of symmetry and glide
planes in the dots (they are those of the wurtzite matrix) can
be checked in optical experiments by using a magnetic field
perpendicular to the growth direction and rotating the sample
around the direction as has been formerly done’® for
CdTe/Cd;_Mn,Te QWs in photoluminescence experiments.
A glide plane is kept under a perpendicular magnetic field
and behaves for optical properties as a symmetry plane does,
since the improper translation is negligible when compared
to optical wavelengths.

C. Wetting layer effect

The effect of a wetting layer has been previously studied
within single dots.'? In valence-to-conduction-band absorp-
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tion, most of the electron-hole pairs are created in the layer
and flow into the dots since the confinement is generally
weaker in the latter along the z direction. At the same time,
the recombination energy is reduced.

D. Lowering the array symmetry

One can notice that the orientations of the symmetry and
glide planes in the dot arrays are always those of the wurtzite
matrix. For small enough values of the n number of mono-
layers between adjacent dots in a chain, one should expect a
strain-induced correlation between the dots’! and perhaps a
higher chain quality. Threading dislocations are also claimed
by various authors to favor layer-to-layer alignment.3> When
lowering the symmetry, the glide planes probably disappear
first, since they arise not only from the wurtzite lattice but
also require odd values of m+n. On the contrary, symmetry
planes should be at least approximately kept since they are
the main features of the lattice (the trigonal or hexagonal
shape is close to the roughly circular dot shape exhibited
in many transmission electron microscopy diagrams). The
statement about symmetry planes holds even if the dots are
of various sizes and/or are not stacked one over the other in
adjacent QD layers, i.e., do not form periodic chains and/or
are displayed at random in the layers. As a consequence, if
the distance between adjacent dots is sufficiently large (more
than 1 nm) to preclude coupling between them, the dipolar
selection rules remain those of the Cs, group.

VI. CONCLUSION

We determined the space symmetries of one-, two-, and
three-dimensional wurtzite QD arrays. The symmetry planes
and possible glide planes of high-symmetry dots and of dot
arrays are those of the wurtzite matrix. The 65 screw axis of
the wurtzite lattice is kept when the sum of the monolayer
numbers within a dot and between two consecutive dots,
respectively, is odd. The space-symmetry group or the corre-
sponding group of the structure is then Cgu. For the other
structures, it is C ;U. When checked by polarized-light experi-
ments with a magnetic field perpendicular to the ¢ axis, the
array symmetry properties can provide a deep insight into the
structure of individual dots as well as into their relative con-
figuration. Blue and near UV photodetectors based on dot
arrays present natural strong absorption for light propagating
along the growth direction, whereas infrared detectors based
on transitions within the conduction band require a grating to
change the light propagation direction within the device.
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