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defects in their thermodynamically stable state and their impact on the electronic structure of the
ideal unfaulted material is discussed. Our simulations demonstrated that the formation of most of
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1 Introduction

Sr,Al; 40,5 has become a popular material that has received
much attention due to its capability to host transition elements
or lanthanides to generate luminescence properties. Namely, a
deep red emission with potential application in white lightening
is observed when Mn*" cations are used as activators.1" In con-
trast, Ce3* dopants induce a blue-green emission.®2 Moreover,
Mn**, Tb®* co-doped Sr,Al,,O, is a thermographic material for
temperature imaging, as the emission color strongly changes due
to the thermal quenching of the Mn** emission.1® Eu?*, Eu3*
co-doped SryAl;,0,5 also shows important color changes from
298 to 523 K. In addition, a blue-green long lasting lumines-
cence can be triggered by the co-insertion of Eu?* and Dy®*
cations, 213l that may transform into a red luminescence if Cr3*
cations are added141>l Conversely, a blue afterglow is observed
for Tb3* dopants only. 1€ Also, unintentional strontium and oxy-
gen vacancies have been reported to possibly play a role in the
luminescent phenomena.Z1712 Thus, a clear understanding of
native point defects may be of prior importance before focusing
on the role of dopants. To gain a deeper insight on these intrin-
sic species, theoretical studies are of particular interest. Indeed,
ab initio methods can be used to estimate the formation energy
of point defects, and to determine their impact on the electronic
structure of the ideal material. 2931 Surprisingly, from our knowl-
edge, such kind of simulations have not been reported for the
SryAl;40,5 compound yet. Herein, we propose to fill this lack
by characterizing more than 30 possible intrinsic point defects in
this material and to identify the prominent expected ones versus
specific synthesis conditions. In this article, we detail the compu-
tational approach used to investigate the electronic properties of
the host compound and to estimate defect formation enthalpies
and defect concentrations.

2 Methods

2.1 Calculations on the host structure

Spin polarized calculations based on the Density Functional The-
ory (DFT) have been carried out using the Projected Augmented
Wave (PAW) method, as implemented within the VASP soft-
ware. 32734 The cutoff energy was set to 500 eV, and the exchange-
correlation part was described with the meta-GGA SCAN ap-
proach.®? Full geometry optimizations were performed on the
SryAl; 40,5 unit-cell using a 2x6x10 I'-centered k-mesh and un-
til forces were found below 10 meV/A. The electronic band gap
was extracted based on an accurate calculation considering a
3x9x15 I'-centered k-mesh. Accurate band gap was determined
using PBE0®® functional on the fully optimized SCAN structure
referenced as PBEO@SCAN hereafter), considering a 1x2x4 I'-
centered k-mesh.

2.2 Defect formation enthalpies and concentrations
Point defect calculations were carried out with the supercell ap-
proach. In that context, defect species are considered sufficiently
diluted within the host material and no volume change associated
to their insertion in the ideal material was taken into account.

A 1x1x2 supercell (172 atoms) was constructed based on the
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fully optimized SCAN unit cell. Atomic positions were relaxed
considering a 1x3x2 I'-centered k-mesh and until the conver-
gence criterion on forces set to 0.02 eV/A was reached. Accurate
computation of total DFT energies was performed with a 1x4x4
I'-centered k-mesh.

One may estimate the Defect Formation Enthalpy (DFE) A fHD 4
of a defect D in a charge state ¢ as a function of the chemical
potential of the electronic reservoir (Fermi level) ug, according
to:

D,
AHP () =Epify — Efgh + g (B + i )

+ Zniﬂi +Ecorr €3]
i

where Eg]qu is the total DFT energy of the faulted supercell, E9%
is the total DFT energy of the ideal supercell, E\}}ﬂxl is the va-
lence band maximum (VBM) of the host material which sets the
origin of ug,, n; is the number of atoms of the ith specie added
(n; < 0) or removed (n; > 0) from the ideal material, y; is the
chemical potential of the ith species defined as u? + Ap;, i.e. the
sum of the standard chemical potential y? and the deviation Ay,
from this reference. E, corresponds to various corrections of
spurious effects introduced by the supercell approach, i.e. the so-
called band-edges shift, Perturbed Host State (commonly abbrevi-
ated PHS), potential alignment, Moss-Burstein and Makov-Payne
corrections (see Section I in SI for more details).

For a defect D, the Fermi level position at which DFEs of charge
states ¢ (i.e. AfHP9) and ¢ (i.e. AyHP7) are equivalent and it
corresponds to the so-called charge transition level €(q/q’) for-
mulated as:

AP (g, = 0) = ApHP9 (g, =0)

, ©)
q —q

e(q/d) =

Practically, for ug, equals to €(gq/q’), the D7 and DY species
coexist in identical concentrations. For g, higher (lower) than
€(q/q"), defect D with the charge state ¢’ (¢) will be predomi-
nant on defect D with charge state g (¢’). Moreover, to estimate
point defect concentrations at a given crystal growth tempera-
ture T, (in given synthesis conditions), one may solve the charge
neutrality equation expressed in[Equation 4by determining itera-
tively the Fermi level at crystal growth E§’. To do so, one assumes
the faulted structure is quenched at room temperature, and defect
concentrations are described within the Boltzmann limit:

. N AHP4 (ES!
10 (B) = X exp (—f . F>> @

where N is the number of sites, Q the volume, kp is the Boltzmann
constant. The charge neutrality equation expresses as:

—ne (Ep)+ny (EF)+Y, Y. qi-npg (Er) =0 4

D gi€qp
where n,- and ny,+ correspond to the free electrons and holes, re-
spectively (more details are given in SI Section II). Defect created
at T,, are supposed to be maintained at RT after quenching. For
each defect, the concentration remains constant but their charge



state may change (since the Fermi level moves with temperature).

All defect post-treatments presented above were performed us-
ing the PyDEF 2.0 software.27/38

3 Results

3.1 Ideal crystal

SryAl; 40,5 crystallizes in the Pmma space group (#51).52 The
crystal structure is depicted in[Figure 1|with labelling of Sr and Al
symmetry non-equivalent atoms (more details on symmetrically
non-equivalent sites are given in SI Section III). The structure can
be decomposed into layers of Al,0,, formula, hereafter labelled
2 /e [AlO15] (see ) made of edge sharing AlOg octa-
hedra (where Al = Al(4), Al(5) and Al(6)) and bidimensional
blocks of Al,,O,4 formulae, hereafter labelled 2 /o [Al1O95] (see
) made of corner sharing AlO, tetrahedra (where Al
= Al(1), Al(2) and Al(3)). Layers and blocks condense via four
[Al(2)0,] tetrahedra capping head to head 2 /e [Al;0;,] layers
(see [Figure 1) at the level of empty octahedral sites. The so-
defined three dimensional [Al;,O,s] aluminate framework en-
traps 10- and 7- coordinated strontium atoms (Sr(1) and Sr(2),
respectively), to balance charges. As shown in[Figure 1] this struc-
ture also presents empty spaces which could be filled by intersti-
tial atoms. Due to the abundance of these interstitial sites, only
three of them were considered during our point defect study: i)
the i(1) site (pink spheres in[Figure 1) which initially sits within a
channel oriented along the ¢ axis of the 2 /o [Al}gO43] blocks (i.e.
perpendicular to the 2 /e [Al4O4,] layers) defined by Al(1), Al(2)
and Sr(2) atoms, ii) the i(2) site (yellow sphere in [Figure 1) ini-
tially located into a cage defined by Al(1), Al(3) and Sr(1) atoms,
and iii) the i(3) site (orange spheres in[Figure 1)) initially located
into empty octahedral sites of the 2/, [Al,O,,] layers (coordi-
nates are provided in SI Section III).

Full geometry relaxations using the SCAN functional lead to a
=24.739 A, b = 8.476 A, ¢ = 4.876 A, agreeing well with exper-
imental values reported to be a = 24.785(1) A, b = 8.487(2) A, c
= 4.886(1) A3 The electronic bandstructure determined at the
SCAN level (see [Figure 2)) indicates an indirect band gap (follow-
ing already reported WC1PBE calculations“?) of 4.60 eV between
the Valence Band Maximum (VBM) located at the Y point and the
Conduction Band Minimum (CBM) at the I" point. The upper part
of the valence band consists in flat states isolated from the main
part of the valence band. We estimated the effective mass for
holes with the well-known curvature fitting method, and found
mj, /mg = 5.21 for the T — Y k-points path. In contrast, the bot-
tom of the conduction band looks much less localized, and an
electron effective mass m_ /mq of 0.46 is calculated considering
the R — I" k-points path.

The analysis of the partial Density of States (pDOS) depicted in
(see SI Section IV for a broader outlook of pDOS) reveals
that the valence band mainly built upon O 2p states, while Sr
atoms predominantly contribute to the bottom of the conduction
band. Let us notice that the distinguishable band on top of the
valence band is associated specifically to orbitals of O(5) atoms
that can almost be regarded as lone pairs (see SI Section IV for
pDOS of each symmetrically non-equivalent site, and SI Section

Point g (Alsy) tar (Augp) Lo (Apo)

A -29.35 (-7.06) -16.50 (-8.78) -6.02 (0.00)
B -29.03 (-6.74) -16.59 (-8.86) -6.02 (0.00)
C -23.52 (-1.23) -7.76 (-0.03) -11.85 (-5.83)
D -23.20 (-0.91) -7.84 (-0.11) -11.86 (-5.84)

Table 1 Chemical potential values (in eV) estimated in SCAN for extreme
limit synthesis conditions. Deviations with respect to standard are given
between brackets.

V for a representation of the charge density associated to the top
of the valence band). Formally, this O(5) atomic site is unique
in the sense that the [O(5) Al;Sr] environment is highly distorted
with an oxygen atom connected only to three aluminum atoms
in octahedral site (2 /e« [Al40;,] layer), the other oxygens being
bounded to one or more aluminum atoms in tetrahedral sites.

The computation of reliable defect formation enthalpies re-
quires a good estimation of the band gap, the SCAN value
(4.60 €V) being far from the experimental one measured at
6.20-6.30 eV.41142 Based on the fully relaxed SCAN structure,
this quantity was determined using hybrid approaches. We
found E,(PBEO@SCAN) = 6.37 eV, not far from already reported
WC1PBE hybrid results*? and in line with the work of some of
us which predicted more reliable large band gaps with the PBEO
approach.43 Thus, this PBEO result will be considered hereafter
to readjust calculations carried out with the SCAN functional.

3.2 Stability domain

To investigate the impact of synthesis conditions on the formation
of native point defects, the stability domain (domains/conditions
of existence/growth of the pure phase) of the Sr,Al; ,0,; material
was determined in terms of chemical potentials as presented in
To do so, we computed the formation enthalpy of
13 competitive phases susceptible to appear during the material
synthesis (see[Figure 3). Based on a numerical procedure detailed
in Ref [44] we extracted the extreme limit synthesis conditions,
evidenced by cyan stars in[Figure 3]and listed in[Table 1]

We distinguished two neighboring synthesis condition limits for
extreme O-rich atmosphere (e.g. in pure oxygen at ambient pres-
sure) at A and B points and extreme O-poor atmosphere (e.g. in
evacuated sealed silica tube) at C and D points. For the sake of
clarity, we restrain hereafter our reasoning to i) the extreme O-
rich atmosphere at the A point of coordinates (AuLs,, Attas, Allp) =
(-7.06, -8.78, 0.00) €V, ii) the extreme O-poor atmosphere at the
D point of coordinates (-0.91, -0.11, -5.84) €V, and iii) an inter-
mediate conditions corresponding to the barycenter of the four
points of coordinates (-3.98, -4.45, -2.92) eV.

Based on the expression of the formation enthalpy of the stron-
tium aluminate compound:

ArH (Sr4Al14045) = 4Aps, + 14AUy +25AU0 (5)

we estimated AyH (Sr4Al140,5) = -151.07 €V, never reported yet.
For comparison, we estimated AyH (Al,03) = -17.55 €V (-17.37
eV experimentally45) and A;H (SrO) = -7.06 €V (-6.14 eV ex-
perimentally®), found in good agreement with the experimental
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Fig. 1a) 2/ [Al,O1,] layer running in the (100) plane; b) 2/ [Al;gO,3] blocks running in the (100) plane and connecting 2 /.. [Al;045] layers along
the a axis; c) Condensation of [Al(2)O,] tetrahedra on a 2/. [Al,O15] layer; d) SryAl;, Oy 3D-structure. Sr(1) and Sr(2) sites are distinguished
by dark and light green spheres, respectively. Al(Oh) and Al(Td) environments are identified by dark blue and cyan polyhedra, respectively. Oxygen
atoms are showed by red spheres. Labelling of oxygen atoms is given in Sl Section Ill. Initial positions (before relaxation) used for interstitial defects

i(1), i(2) and i(3) are shown by pink, yellow and orange spheres, respectively.

data.

3.3 Defect Formation Enthalpies

Defect formation enthalpies (DFEs) were estimated for different
intrinsic point defects. All symmetrically non-equivalent crystal-
lographic sites were considered for atomic vacancies and anti-
sites. Due to the lack of information regarding interstitial species,
the three aforementioned positions were chosen (see SI Section
VI for reduced coordinates of initial positions). More precisely,
the interstitial sites i(1) and i(2) were occupied by Sr, Al and O
atoms. Specifically regarding the i(3) position into 2/. [Al,0;,]
layers, we restricted the study to its occupancy by an Al atom, the
most favourable atomic species regarding the octahedral chemi-
cal environment formed by six oxygen atoms and which presents
a similar volume as the AlO, neighboring ones.

The local structural distortions induced by the presence of point
defects were taken into account in the estimation of DFEs through
preliminary atomic positions relaxation. For instance, in the case
of Vsr(1) species (e.g. the removal of an Sr(1) entity), we observed
that the neighboring O sites may move away of about 0.2 A due
to the coordination loss. On the contrary, the neighboring Al are
less impacted. The resulting DFEs are schematically summarized
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in [Figure 4] (see SI Section VII for more details on DFEs at each
atmosphere of synthesis).

Let us have a look at the impact of synthesis conditions, for
which DFEs may significantly change. Under an extreme O-rich
(oxidized) atmosphere, the DFEs for Vg, species cross the line of
zero formation enthalpy at pug, = 3.04 eV (namely for Vg, (,)), far
from the CBM. In the case where pg, would be found above this
limit, Vi, vacancies would be spontaneously created and would
destabilize the system with appearance of a Sr-poor phase at the
expense of SryAl;,0,5. The lower limit of allowed ug, values
is set by Vo species close to the VBM, i.e. at 0.14 eV for Vys).
In this dopability domain, i.e. the ug, bounded domain where
Sr,Al; 40,5 is stable, lowest DFEs were observed for Vy, Vs,, Sr;
and O; species, while Vy;, Sry; or even Alg, entities present higher
DFEs and should not be formed. Regarding the O-intermediate
synthesis condition, the V and Vs, species also limit the dopabil-
ity domain which is now centered between 1.59 and 4.58 €V. The
Vs, Sri and Vp show the lowest DFEs in this yg, range, while the
formation of Al;, Sry; or Vy, is strongly disfavoured. In the case
of O-poor (reduced) synthesis conditions, the dopability region is
still set by the same defects (i.e. Vp and Vs,) between 3.05 and
5.96 eV. Here, the formation of oxygen vacancies is particularly
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Fig. 2 (left) Electronic bandstructure computed at the SCAN level. High
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Fig. 3 Stability domain of the Sr,Al;4,055 phase with respect to chem-
ical potential deviations Aug, and App. For more clarity, the domain of
SraAl14 055 existence is represented by a white hatched area, while the
one of competing phases is colored. Extreme limit synthesis conditions
are evidenced by cyan stars and are detailed in Arrows point
toward the stability limit of competing phases.

favored with DFEs lower than 1.69 €V in this domain.

Clearly, two groups of oxygen vacancies are distinguishable:
i) one with DFEs for ¢ = 0 higher than 1.38 €V, 4.29 eV and
7.21 €V in O-poor, O-intermediate and O-rich atmosphere, re-
spectively, gathering oxygen sites triply coordinated to Al atoms
(i.e. Vo), Vowys Vois)» Vos) and Vo(g)), most of them belonging to
2 /e [Al4O,,] layers, and ii) one with slightly lower DFEs which
consists in oxygen sites coordinated to two Al atoms (i.e. Vp(2),
V0(3), V0(7) and VO(9))'

The positions of the charge transition levels estimated from

a) O-rich

vBM cBM
15
. AL,
- AL
~ 10 v,
S
) m s,
=
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<5
Sry
- o
o B -,

1

1

1

0 2 4 6 8
) . g, (eV)

b) O-intermediate

VBM cBM

Heg (ev)

Fig. 4 Schematic representation of defect formation enthalpies vs g,
for O point defects under a) O-rich, b) O-intermediate and c) O-poor
atmospheres. Colored regions evidence minimum and maximum DFEs
for the different defect species, independently of the crystallographic site.
The exact calculated DFEs for each crystallographic sites are given in SI
Section VII.

DFEs are reported in [Figure 5| for Sr-based species, for
Al-based species and [Figure 7] for O-based species (all values are
summarized in SI Section IX).

In the case of Sr-based defects, both interstitials strontium
atoms at i(1) and i(2) sites introduce transition levels located be-
tween 1.2 and 1.9 €V below the CBM. Independently of DFEs,
the charge state ¢ = +2 (i.e. formally Sr>* cations) is stable un-
der the three synthesis conditions. In contrast, ¢ = +1 (i.e. for-
mally Srt) and 0 (i.e. formally Sr9) are only accessible under
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Fig. 5 Charge transition levels for Sr-based native point defects in
SrgAl14055. Values are listed in S| Table S2. Dopability domains in
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values).
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Fig. 6 Charge transition levels for Al-based native point defects in
SryAl14055. Values are listed in S| Table S3. Dopability domains in
O-rich, O-intermediate and O-poor conditions are also given (see text for
values).

O-intermediate and O-poor conditions. On the other side, stron-
tium vacancies were found to create shallow acceptor states at
the top of the VBM by positioning € (0/ — 1) levels at ~0.1 €V for
both Sr(1) and Sr(2) sites. Also, the € (—1/—2) level is estimated
near the VBM (~0.5 €V) for Sr(1) site (10-coordinated), while it
appears at 2 €V for a vacancy in Sr(2) site (7-coordinated). What-
ever the synthesis conditions are, only the ¢ = -2 state (namely
the removing of one Sr>*) shows sufficiently low DFEs to poten-
tially appear. For Sr; antisites, only the substitution of AI** by
Sr?* may be observed for O-poor atmospheres, while all the Srgl
and Sr;l1 species may appear under O-rich conditions. For the
O-intermediate condition, the £(0/ — 1) charge transition of the
Srai(1)> Srai2)> Srai4) and Sryy(s) defects are lying in the lower
part of the p, allowed range, while the Sr9, (3 and S, () SPecies
cannot be created. At g = 0, the lowest DFEs are observed for
Al(1) sites, i.e. aluminum sites that surround the empty channels.
In terms of the position of € (0/ — 1) acceptor levels, one may dis-
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Fig. 7 Charge transition levels for O-based native point defects in
SryAl14O055. Values are listed in S| Table S4. Dopability domains in
O-rich, O-intermediate and O-poor conditions are also given (see text for
values).

tinguish i) Sry; at the tetrahedral Al(3) site with the transition
level at 0.14 eV (Al(3), constituting also the channels), ii) Sry,
at the octahedral Al(6) site with the transition level at 0.40 eV
(within the 2 /e [Al4O4,] layers) and iii) Sry; at the other Al sites
with the transition levels located between 1.74 and 2.37 eV. It is
worth noticing that most of these charged defects present high
DFEs for the three atmospheres; they are consequently difficult to
form within Sr,Al;,0,s.

Regarding the Al-based point defects, most of transition lev-
els are located far from the VBM and the CBM. For example, the
ones associated to interstitials (A/;) were found well separated
from each other between 1.28 and 5.09 eV above the VBM. Con-
cerning the Alg, antisites, Sr%T species are preferentially substi-
tuted by AI** under O-intermediate and O-rich conditions, the
position of the antisite levels € (+1/0) being located at 1.69 and
1.99 eV below the CBM for Alg, ;) and Alg,(,), respectively. These
levels and also the £(0/— 1) ones found at 1.23-1.51 eV below
the CBM are located within the O-poor dopability domain, which
implies defects at charge states ¢ = +1, 0 and -1 may be cre-
ated under such atmospheres, while ¢ = -2 defects are unstable.
For Vy; vacancies, the charged defects generate deep levels dis-
tributed between 1.55 and 4.14 €V above the VBM. One may em-
phasize that i) charged defects for Vai(3) species at g # -3 were
not successfully stabilized in spite of our efforts to force the sys-
tem to converge (not represented in , and ii) Vfl ) and
V/?z(@ entities are not stable (whatever the synthesis conditions
are) due to € (0/ — 1) located at 1.88 and 2.21 eV below the VBM,
respectively. This result shows that these Al centered polyhedra
sites constitute too stabilizing building blocks for the structure to
be removed. Moreover, different charge transition levels may be
accessed by changing the synthesis conditions: i) O-rich condi-
tions enables to recover the € (0/—1) and £(—1/—2) levels, ii)
the e (—1/—2) and & (—2/ —3) levels may be found under the O-
intermediate atmosphere, and iii) the € (—2/ — 3) may be reached
under O-poor conditions.

In the case of O-based defects, the levels of interstitials (O;) are



sitting in the mid-gap region, i.e. between 1.79 and 3.73 €V, so
mainly accessible under O-intermediate and O-rich atmosphere
while almost only ¢ = -2 states may be stabilized under O-poor
conditions. Regarding V, vacancies, the position of €(q/q’) lev-
els may significantly differ with the crystallographic site, as evi-
denced by their distribution between 1.43 and 4.49 €V from the
VBM. Thus, depending on the localization of the V,, defect, differ-
ent energy windows are targeted. Levels are so deep that most of
the charged defects may only be formed under O-intermediate or
O-rich conditions to lie in the dopability domain.

3.4 Defect Concentrations
Based on the aforementioned DFEs quantities, we estimated de-
fect concentrations with respect to the growth temperature T,
within the Boltzmann approximation (see [Equation 3). Experi-
mentally, solid state synthesis have been reported at 1300-1500°C
(~1580-1780 K).47%50 Results are depicted in for T, =
1600 K in the three synthesis conditions and the numerical val-
ues are reported in SI Section X. A wide range of temperature
(100-1800 K) is also presented to show the physical trend.
Under O-rich atmosphere, small native defect concentrations
are observed even at very high temperatures (i.e. < 7.2x104
cm~?). For T,, = 1600 K (Ef = 1.98 €V), strontium vacan-

cies ([VS,(U] = 7.2x10'" ecm™3 and [VMZ)] = 8.3x10'2 cm3)
and oxygen interstitials ([0,-(2)] = 7.0x10" em~3 and [Oi(l)] =
5.8x10!3 ecm~3) appear as the most concentrated defects. For O-
intermediate growth conditions, all defects show very small con-
centrations. As evidenced at T, = 1600 K (Ef = 3.10 €V), the
largest values are reached by Vg,(;) (1.8x10'> em™) and Vs
(1.4x10'2 cm—3), the others being lower than 6x10'° cm—3. In
the case of O-poor atmosphere, oxygen vacancies appear (as ex-
pected) as the predominant point defect even for low growth tem-
peratures. As discussed for DFEs, two groups were distinguished
in that case, i) the most concentrated species Vo2, Vo(3), Vo(7)
and Vg doubly bounded to Al atoms, and ii) the smallest con-
centrated species V1), Vo), Yo(s)» Yo(s) and V(g triply bounded
to Al atoms. For T, = 1600 K (Ef = 4.49 €V), we calculated
for the former group values about 1.7-7.8x10'® ecm—3, and for
the second group concentrations about 1.9x10'0-3.6x10'7 cm 3.
These concentrations are much higher than all other defects (<
3x10'%2 ecm—3). Let us mention that oxygen vacancies will be pref-
erentially located within 2 /e [Al15O53] blocks rather than 2 /oo
[Al4O,,] layers.

4 Discussion

From our computational study, one can briefly conclude on the
fact that most of native point defects in Sr,Al;,0,5 cost a lot
of energy to be created. Under an extreme O-rich and O-
intermediate atmosphere of synthesis, defects are hardly cre-
ated as depicted by calculated concentrations lower than than
10" cm~ for 7, = 1600 K. Under extreme O-poor conditions,
only oxygen vacancies may be easily formed with concentrations
reaching 10'7-10'8 cm—3 (per oxygen crystallographic positions).
Also, we evidenced that Al- and O-based defect species present
transition levels deeply located within the band gap, while Sr-

a) O-rich

Al

Vais Al

)
Vi) Alsa Plsr2)

c) O-poor

Ali1)

Vais)
Vaie) Al Alsr2)

Fig. 8 Calculated defect concentrations (in cm~3) at the SCAN level for
SraAl14055 prepared at Ty, = 1600 K under a) O-rich, b) O-intermediate
and c) O-poor atmospheres typically, 10'0 defects/cm™> corresponds to
1 defect every 10'* A3, i.e. approximately 10! defect per SryAl14055
unit cell or per SrgAl,gOgy formulae.

based vacancies (Vs,) and antisites (Sry;) may create shallow ac-
ceptor states.

Many experimental investigations reported various lumines-
cent properties of Sr,Al;,0,; when doped with transition met-
als or lanthanides. 791319 ndeed, this doped material may ap-
pear as appealing for industrial lighting applications. Among
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the most promising discoveries is the red luminescence of
Sr,Al;,0,:Mn** I possibly used as a key ingredient to improve
the color rendering of the white light-emitting diode (WLED)
technologies based on the InGaN/YAG:Ce®* approach. Peng et
al.® suggested that under a UV or blue light excitation, Mn** is
excited from the ground state 4A, to the excited state *T;. After a
non-radiative transfer to the 2E state, the return to the 4A2 state is
accompanied by a red emission. Interestingly, another experimen-
tal study concluded on the enhancement of this red luminescence
intensity by the increase of oxygen vacancies that would play the
role of "sensitizers" towards Mn*" activators.Z Such a scenario
might be envisioned based on our simulations with transition lev-
els dispersed within the band gap.

In the general case of (Eu,Dy)-doped strontium aluminates,
various mechanisms have been proposed to explain the origin
of their observed long lasting luminescence.”1">4 In the specific
case of co-doped Sr,Al;,O,5, an important argument in the de-
bate has been brought by a recent experimental investigation
which demonstrated the operating Eu?* + Dy** — Eu®* + Dy?*
charge transfer under excitation and the role of Dy as electron
traps.12 Here, by exploring intrinsic point defects, our DFT cal-
culations established that transition levels are relatively far from
the CBM (i.e. more than 1 eV), which in a sense confirms the
spectator role of native defects in this particular luminescence
phenomenon.

5 Conclusion

To summarize, we conducted for the first time ab initio calcula-
tions on the SryAl;,0,5 compound to simulate intrinsic point de-
fects. More concretely, we extracted defect formation enthalpies
and estimated defect concentrations with respect to the crystal
growth temperature. We showed that most of native defects are
expected in moderate concentrations (lower than 10'5 cm~3) un-
der O-rich and O-intermediate conditions, while oxygen vacan-
cies are present in O-poor atmospheres (up to 8x10'8 cm~3).
Also, we reported on the impact of the presence of defects on the
ideal Sr,Al;,O,5 electronic structure with positioning of transi-
tion levels associated to defects in different charged states. This
may serve to discuss physical properties of the undoped and
doped material.
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