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The effects of Fe dopants on the electronic bands structure of (Lig.sFeo.2oOH)FeSe are investigated
by a band unfolding (k-projection) technique and first-principles supercell calculations. Doping 20%
Fe into the LiOH layers causes electron donation to the FeSe layers, significantly changing the profile
of bands around the Fermi level. Because of the weak bonding between the LiOH and FeSe layers the
magnetic configuration of the dopants has only minor effects on the band structure. The electronic
bands for the surface FeSe layer of (Lig.sFeo.2OH)FeSe show noticeable differences compared to those
of the inner layers, both in the location of the Fermi level and in details of the bands near the high
symmetry points, resulting from different effective doping levels and the broken symmetry at the
surface. The band structure for the surface FeSe layer with checkerboard antiferromagnetic order is
reasonably consistent with angle-resolved photoemission results. The 3d transition-metals Mn and
Co have similar doping effects on the band structure of (LiOH)FeSe.

PACS numbers: 71.20.-b,73.20.-1,73.22.Pr
I. INTRODUCTION

The discovery of superconductivity in REFeAsO (RE
= rare earth) compounds with T, as high as 55 K has
engendered significant interest in searching for new Fe-
based superconductors. One surprise from these recent
explorations is that an FeSe monolayer epitaxially grown
on SrTiO3 shows superconducting T, as high as 77 K,!
much higher than its bulk phase. Omne unusual and
puzzling feature of this system is that its Fermi sur-
face is characterized by an electron-like pocket centered
around the M points, while no pocket appears near the
I' point.2® This observation challenges the Fermi sur-
face nesting scenario that relies on nesting between M
and T-point electronic states.>” More recently, a super-
conducting T, over 40 K was observed in an FeSe-based
bulk phase, (Lij_,Fe,OH)FeSe.® 1 Unlike the binary
FeSe compound, (Li;_,Fe,)OH layers are intercalated
between the FeSe layers. This new type of FeSe-based
superconductor is also distinct from the alkali-metal in-
tercalated counterpart: it is stable at ambient condition,
whereas the later is extremely sensitive to air. More-
over, magnetism was found to coexist with superconduc-
tivity in Li;_,Fe,OH.®® The angle-resolved photoemis-
sion spectroscopy (ARPES) experiments of Ref. [12] find
that (Lig gFeg.oOH)FeSe has an electronic structure akin
to that of Rbg 7¢Fe; g7Ses, with similar band dispersions
and gap symmetry. In addition, ARPES experiments find
that the band structure for (LigpgFeg2OH)FeSe shares
great similarities to that of FeSe/SrTiOs3, suggesting that
the superconductivity in this system and in FeSe/SrTiO3

may have a common electronic origin.'3

Several density functional theory (DFT) calculations
have been performed for (Li;_,Fe,OH)FeSe.'3 % How-
ever, the reported DFT-derived band structures are for
nonmagnetic (LiOH)FeSe without the Fe dopants, and
are found to be largely inconsistent with the ARPES
measurements.'®!4 In particular, hole pockets near the
T" point seen in the DFT calculations, are actually ab-
sent in the ARPES measurements.!'®'* DFT supercell
calculations carried out by some of us'® find that the
Fe dopants play an important role in the structural sta-
bility of (Lip gFeg.oOH)FeSe, and the charge transfer be-
tween the LiOH and FeSe layers. Although both Refs. [8]
and [9] find that the magnetism coexisting with the su-
perconductivity originates from the Fe dopants, they re-
port different kinds of magnetism, i.e., ferromagnetism
vs antiferromagnetism. This discrepancy was also seen
in the DFT calculations. The local-density approxima-
tion (LDA) calculations of Ref. [14] give ferromagneti-
cally aligned Fe moments in the LiOH layers, while our
calculations'® using the Perdew-Burke-Ernzerhof GGA
find that they are antiferromagnetically aligned. The
different magnetic orderings found may originate from
different configurations/distributions of Fe dopants since
the energy difference between the AFM and FM cou-
pling of the Fe dopants is small.'® Moreover, our study'®
predicted that (Lip.gsCog.oOH)FeSe is structurally stable
with even larger electron injection, possibly leading to a
higher T.. Intrinsically, spin-orbit coupling (SOC) also
plays an important in the electronic properties of Fe-
based superconductors,'671® including driving the FeSe



FIG. 1. Structural model of (Lig.sFeq.2OH)FeSe. (a) Perspec-
tive view of (Lig.sFeo.2OH)FeSe. (b) Top view of Lig sFeq.2OH
layer. The red arrows represent the relative magnetization of
the Fe dopants in the collinear antiferromagnetic configura-
tion. In addition to the collinear AFM configuration, checker-
board antiferromagnetic and ferromagnetic between the Fe
dopants (not shown) are also investigated in the present study.

monolayers into nontrivial topological phases.'® Dopants
such as oxygen vacancies in the SrTiOs substrate also
can affect the SOC spin splitting at the M point for
the checkerboard antiferromagnetic state.!® As a step to
gaining a better understanding of the physics underlying
the superconductivity of these systems, it is worthwhile
investigating the effects of the dopants, magnetic order-
ing, SOC, and the interplay among them on the normal
state band structure of (Lig.gsFeq2OH)FeSe.

In this paper, we investigate the band structure of
(Lip.gFeg.oOH)FeSe by carrying out DFT supercell cal-
culations. The effects of the Fe dopants on the electronic
bands are studied by means of a band unfolding tech-
nique that projects the supercell wave functions onto the
k-points in the Brillouin zone of the 1x1 chemical unit
cell of (LiOH)FeSe. We find that doping Fe into the LiIOH
layers not only shifts the Fermi level, but also induces sig-
nificant changes in the profile of bands around the Fermi
level. The magnetic ordering of the dopants in the LiOH
layers, however, has only minor effects on the band struc-
ture. The band structure for the surface FeSe layer shows
significant differences from those for inner layers in both
the location of the Fermi level and band details near high
symmetry points. We further investigate the band struc-
tures for Mn- and Co-doped (Lip.sM20H)FeSe (M =
Mn and Co), and show that Fe, Mn, or Co doping has
similar effects on the band structure of (LiOH)FeSe.

II. COMPUTATIONAL DETAILS

Our calculations were performed using the Vienna Ab
Initio Simulation Package.?%2! Our previous study ex-
amined the effects of different exchange-correlation func-
tionals on the lattice parameter and found that the
Perdew-Burke-Ernzerhof (PBE) functional without in-
cluding the popular vdW corrections yields a reason-
able description of the structural properties.'® Therefore,
in the present study the exchange-correlation functional

is approximated by the generalized gradient approxima-
tion as parametrized by PBE,??2 and the pseudopoten-
tials were constructed by the projector augmented wave
method.?324 A 3x3x1 Monkhorst-Pack k-mesh was used
to sample the BZ and a plane-wave energy cutoff of 400
eV was used for electronic structure calculations. For cal-
culations of (Lig gFeq 2OH)FeSe(001) a slab consisting of
three FeSe layers and two Lig gFeg oOH layers was used,
with the surface terminated by FeSe layers. The slab
is separated from its periodic images by 10 A vacuum
regions and was fully relaxed with a threshold of 0.001
eV/A for the residual force on each atom.

We adapt the structural models reported in Ref. [15]
for (Lig.gFeq.2OH)FeSe (Fig. 1), a v/10 x 4/10 supercell
of (LiOH)FeSe with four Li atoms replaced by Fe atoms.
To eliminate the band foldings caused by the use of su-
percells, we project the supercell wave functions onto
the corresponding momentum vector k of the primitive
(chemical) unit cell?>:26 of (LiOH)FeSe (two Fe atoms in
the FeSe layer). In this way, the Fe dopants serve as
a perturbation on the bands of (LiOH)FeSe, whose ef-
fect can be seen in k-projected weights given by [¢y(r)|?,
where the wave function ¢y is k-projected. In essence,
the procedure is to find which k, of the primitive cell each
plane wave ¢! TG)T belongs to, i.e., for integers M; and
m;, determining the fractional part «; that defines k,, of
the primitive cell relative to ks of the supercell:

= Z (Z M;(B; - aj)) b;,

with a; - b; = d;;, where B and b are the reciprocal
lattice vectors of the supercell and the primitive cell, re-
spectively.

ITII. RESULTS AND DISCUSSIONS
A. Unfolded bands of (Lio.sFeo.2OH)FeSe

We considered three magnetic configurations for the
FeSe layers: non-magnetic (NM), checkerboard antifer-
romagnetic (CB-AFM), and collinear antiferromagnetic
(CL-AFM). For the Fe dopants in Lig gFeg oOH, we con-
sidered the CB-AFM, CL-AFM, and ferromagnetic (FM)
orderings. The magnetic ground state is found to have
CL-AFM ordering of the Fe atoms in both the FeSe and
Lig.gFeq.2OH layers, with the interlayer spins aligned par-
allel to each other.!?

Figure 2 shows the k-projected bands for (LiOH)FeSe
with and without the Fe dopants, for CL-AFM ordered Fe
dopants. The effects of the magnetic configuration of the
Fe dopants on the band structure of (Lig gFeg.2oOH)FeSe
will be discussed later. One prominent feature is that the
Fermi level experiences an upward shift upon Fe doping.
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FIG. 2. k-projected bands of (a)-(c) (LiOH)FeSe and (d)-(f) (Lio.sFeo.2OH)FeSe along high-symmetry lines of the BZ of the 1
x 1 unit cell shown in (g). The bands for different assumed magnetic configurations of the FeSe layer — non-magnetic (NM),
checkerboard antiferromagnetic (CB-AFM), and collinear antiferromagnetic (CL-AFM) — are shown; the Fe dopants have the
CL-AFM order (Fig. 1(b)). SOC was not included in these calculations and the Fermi level is set to zero. The numbers in (f)
denote band indexes. (g) The BZs of the 1x1 unit cell (black) and the v/2 x v/2 supercell (red).

For the NM state the shift is about 0.2 eV. As a result,
the hole pockets at I' shrink dramatically but remain
finite at Ep, while the electron pockets at M enlarge sig-
nificantly. For the CB-AFM ordering, the doping leads
to the disappearance of the hole pockets at I". The elec-
tron pocket at M enlarges and another electron pocket
appears. A comparison of Figs. 2(b) and (e) shows that
the hole-like bands at I' are shifted down to lower en-
ergy by about 0.1 eV relative to the bottom of the elec-
tron band at M, reflecting the electronic response of the
FeSe layer to the electron doping into the system. Con-
sequently, the bandwidth is significantly reduced, from
about 0.27 eV for the undoped (LiOH)FeSe to about 0.1
eV for (Lip gFeg oOH)FeSe. This band renormalization is
similar to that seen in FeSe/SrTiO3(001) with interfacial
oxygen vacancies.!® (The flat bands, at around 40.3 eV
for CB-AFM, are due to the Fe dopants.)

The Fe dopants also affect the band structure for the
CL-AFM state. While the chemical and magnetic unit
cells for the FeSe CB-AFM ordering are the same, for
the CL-AFM configuration the magnetic cell is a dou-
bled v/2 x /2 supercell. Because the magnetic effects on
the bands are strong, the bands k-projected onto the 1 x1
cell reflect the magnetic symmetry, including the repeti-
tion/folding of the bands along I'-M (M’). (Both M and
M’ of the 1 x 1 BZ fold back to I' of the v/2 x v/2 BZ; the
I'-M and I'-M’ directions differ because they correspond
to k parallel or perpendicular to the ferromagnetic stripes
of Fe atoms.) The intrinsic 1 x 1 chemical symmetry is
reflected in the intensity differences even for the undoped

system. For example, there is an intensity difference be-
tween bands 3 and 4 along I'-M for both (LiOH)FeSe and
(Lig.gFeg.oOH)FeSe, and similarly for bands 1 and 2, as
well as band 5, where the band intensity changes around
the mid-point of I'-M’.

A comparison of Figs. 2(c) and (f) shows that doping
0.2 Fe to (LiOH)FeSe shifts Er by about 0.2 eV when the
top of band 3 at I is taken as the reference. Similar to the
CB-AFM case, the electron doping of the FeSe layer due
to the Fe dopants induces strong band renormalization.
For example, (LiOH)FeSe band 2 has a width of about
0.35 €V from its maximum at I' to the local minimum
at the k-point between I' and M, while it is ~0.2 eV
for (Lig gFeg.oOH)FeSe. Similar band renormalizations
can be observed for other bands as labeled in Fig. 2(f).
These results suggest that the effects of the Fe dopants in
the LiOH layers are similar to those of interfacial oxygen
vacancies in FeSe/SrTiO3.1?

To see how the magnetic configuration of
the Fe dopants affects the electronic bands of
(Lig.gFeg.oOH)FeSe, calculations were also performed
for CB-AFM and FM ordered dopants. The bands,
with the FeSe in the CB-AFM configuration, are shown
in Fig. 3. They are essentially similar to each other
and to Fig. 2(e) for CL-AFM order, suggesting that
the magnetic ordering of the Fe dopants has negligible
effects on the band structure of the FeSe layers. (There
are some noticeable differences; for example, the state
nearest the Fermi level around M for the FM case is
split, reflecting the fact that in the FM case there is



FIG. 3. k-projected bands of (Lig.sFeg.2OH)FeSe for differ-
ent magnetic configurations of the Fe dopants: (a) CB-AFM
and (b) FM. The spins in the FeSe layers have the CB-AFM
ordering.
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FIG. 4. Effect of spin-orbit coupling on the band structure
of (a)-(b) (LiOH)FeSe and (c)-(d) (Lip.sFeg.2OH)FeSe. Pink
circles indicate the SOC splittings.

a net magnetic moment and field from the (Li,Fe)OH
layer.) This insensitivity to the magnetic ordering of
the dopants is not surprising since the LiggFeyoOH
and FeSe layers interact via weak vdW-like forces. Our
calculations are consistent with the observation that
the electronic state of (Lig.g4Feg 160H)Feq 9sSe is highly
two-dimensional.'!

Spin-orbit coupling is of importance in Fe-based super-
conductors. For example, it lifts the degeneracy of the
Fe d,, and d,, orbitals at the zone center and induces

4

a band splitting of over 50 meV in Fe(Teg 5Seq5).1” For
FeSe thin films supported on SrTiO3(001), SOC induces
a splitting of about 40 meV at the M point.'® To assess
the effect of SOC on (Li;_,Fe, OH)FeSe, calculations in-
cluding SOC were performed for (Li;_,Fe,OH)FeSe, z
= 0 and 0.2, and are shown in Fig. 4. SOC induces
band splittings near I and M (marked by circles). For
the NM state, a splitting of about 40 meV is obtained
for the hole-like bands at I'. For the CB-AFM state, a
similar splitting at I' is obtained for (LiOH)FeSe, which
slightly decreases with the introduction of the Fe dopants
(Fig. 4d); at the M point, the splitting is comparable to
the one at I" and is not affected by the Fe dopants. The
effect of SOC on the band structure for the CL-AFM
state is less prominent, due in part to the different sym-
metries of the wave functions, and are not shown. Al-
though the SOC-induced splittings are dependent on the
specific magnetic configurations — as are the overall band
structures — they are not expected to play an important
role in the superconductivity of (LiFeOH)FeSe since the
relevant splitting are well away from the Fermi level.

B. Surface bands of (Lio.sFeo.2OH)FeSe(001)

ARPES experiments observe two hole-like bands be-
low Erp near I' with the top of the band at about
—50 meV.'%13 Around the M point, there are parabolic
electron-like bands crossing Er with the bottom at about
—60 meV, below which there are hole-like bands.!?!3
None of the above calculations produce agreement with
the experiments, although the band structure for the CB-
AFM state (Fig. 4(d)) is similar to the experimental ob-
servations in that there are no hole pockets around I’
and a gap appears at M. However, there are two elec-
tron pockets around M in our calculations instead of the
single one observed in the ARPES experiments. Since
ARPES is surface-sensitive (for photons of ~20-22 eV,
the expected probing depth is ~5 A27), the experiments
of Refs. [12] and [13] will be sensitive to the surface bands
of (Lig sFep.oOH)FeSe, which may differ from those of the
bulk.

To investigate possible changes in the band structure
of (Lig.gsFeg2OH)FeSe at the surface, we have performed
calculations for the (001) surface modeled by a FeSe-
terminated slab (Fig. 5). Layer projections were per-
formed to separate the contributions from the surface
FeSe and the inner FeSe layer. Electronic bands were
also unfolded using the k-projection technique. While the
bands for the inner FeSe layer, Figs. 5(d-f), are essentially
the same as the corresponding bulk bands in Figs. 2(d-f),
the surface bands differ, especially in placement relative
to the Fermi level. In all three cases, the surface bands
are shifted up relative to the bulk and closer to the po-
sitioning of the bands for the undoped (LiOH)FeSe case.
The simple explanation for this behavior is that the sur-
face FeSe layer is less heavily doped since it has only
one, not two, neighboring Lig gFeg o OH layers so that the
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FIG. 5. k-projected bands for (Lig.sFeo.2OH)FeSe(001). The Fe dopants are in the CL-AFM configuration and the Fe atoms
in the FeSe layers have the NM, CB-AFM and CL-AFM orderings, respectively. The Fermi level is set to zero.

surface has only approximately half the electron doping
compared to the bulk. Note that the applicability of such
a simple argument implicitly invokes the 2-D layered na-
ture of both FeSe and LiOH layers, and the weak direct
bonding between them. In addition to simple band fill-
ing contributions (Fermi level shifts), there are the band
renormalization effects that accompany the band filling,
as well as the standard surface potential shifts arising
from “missing” neighbors and the modifications result-
ing from the lowered symmetry at the surface.

As a consequence of these effects, the hole pockets
around I for the surface FeSe for the NM configuration
are larger, whereas the electron pockets around M shrink.
For the CB-AFM state around M, there is only one elec-
tron pocket, with the second one pushed up above the
Fermi level. In addition, a band splitting of about 70
meV at M (located at about —0.3 V) can be seen in the
surface band structure, related to the broken inversion
symmetry of the surface FeSe layer. The hole-like bands
near I' (about —0.2 eV) is closer to Ep for the surface
FeSe layer than for the inner FeSe. For the CL-AFM
configuration, surface effects are also noticeable, arising
from similar mechanisms: Besides the shift of bands rel-
ative to Ep, the top of band 1 (Fig. 5(c)) at I" has an
upward shift, giving rise to a larger bandwidth compared
to that for the inner FeSe, and the gap at I" marked by
A considerably increased for the surface FeSe layer.

The calculated band structure for the surface FeSe
layer in the CB-AFM state (Fig. 5(b)) has similarities to
the ARPES experiments, in that there is no hole pocket
around I, only one electron pocket exists around M, and
the size of the gap between the electron-like bands and
the hole-like ones at the M point (along I'M) is com-
parable to the experimental value (~70 meV). However,
there is a discrepancy in the Fermi level between our cal-

culations and the ARPES results: Our calculations find
that Er is about 200 meV above the top of the hole-like
bands at I', rather than the 70 meV found in the ARPES
experiments. The discrepancy could be due to defects
or smaller Fe doping levels that would act to reduce the
electron doping; the reported (Lig s4Feg .16 OH)Feg ggSe in
Ref. [13] would tend to go in that direction. In addition,
direct comparisons of our calculations to the ARPES ex-
periments is hindered by our neglect of final state effects
and strong electron correlations that are believed might
play an important role in the electronic structure of Fe-
based superconductors,?®2? particularly orbital-selective
strong renormalization.?® Moreover, SOC was not in-
cluded in our calculations of the surface structure for
computational reasons since the slab has a large number
of atoms (240 atoms). However, as in the case of bulk
(Lig.gFeg.oOH)FeSe, the interesting SOC-induced split-
tings occur away from the Fermi level, and in the situ-
ations where the lower symmetry at the surface already
induces a splitting, the SOC splitting is not additive,'?
and thus the calculated splittings (c.f., Fig. 5) are not
expected to change dramatically.

C. Effects of Mn and Co dopings

The critical role of the Fe dopants on the high T su-
perconductivity observed in (Lip gFeg2OH)FeSe and the
important effects on the band structure of (LiOH)FeSe
as revealed by the above calculations raise the ques-
tion of how the results depend on choice of dopant, and
possibly help in optimizing the superconducting T. in
(Li;—»M,OH)FeSe. A natural option would be the neigh-
boring elements of Fe, i.e., Mn and Co, which by a sim-
ple electron counting are expected to give rise to differ-
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FIG. 6. k-projected bands for (a)-(c) (Ligp.sMno.2OH)FeSe and (d)-(f) (Lip.sCoo.2OH)FeSe. The dopants in the LiOH layer are

in the CL-AFM configurations.

ent doping levels to the FeSe layer. Indeed, previous
calculations show that the charge transfer between the
LiOH layers and the FeSe layers is enhanced by doping
Co, which may potentially increase the superconduct-
ing T¢,'® although the increased doping is significantly
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FIG. 7. Spin-resolved total density of states (solid lines) for
isolated Lio.sMo.2OH, M = Li (yellow), Mn (red), Fe (green),
Co (blue), calculated in the v/5 x v/5 supercell for ferromag-
netic ordering of the M moments. (Antiferromagnetic cou-
pling leads to similar local behavior and conclusions regarding
the occupations and position of states, but the FM ordering
simplifies the discussion by separating the spins.) The in-
tegrated DOS, N(E), are given by the corresponding dashed
lines. The different calculations were aligned using the O 2s;
the calculated Fermi level for each is denoted by the vertical
dashed-dotted lines, with EF of (Li,Fe)OH setting the overall
Zero.

smaller than the change in valence. To further investi-
gate the doping effect of Mn and Co on the band struc-
ture of (LiOH)FeSe, we have also performed band un-
folding calculations, Fig. 6, for both (Lip sMng 2 OH)FeSe
and (LipgCop2OH)FeSe, using the previously reported
relaxed structures'® and with the dopants in the LiOH
layers in the CL-AFM ordering (Fig. 1(b)). Overall, the
band structures for Mn- and Co-doped (LiOH)FeSe share
the features of (LiggFep2OH)FeSe. The energies of the
occupied states at M for CB-AFM are unchanged for the
different dopings, while at I" there are small shifts related
to the increased splitting for Co. The insensitivity of the
bands to the dopant can be understood by considering
the properties of the isolated LiOH spacer layer, Fig. 7,
which is an insulator (~3.6 eV gap). When doped with
Mn (d®s?), Fe (d%s?), or Co (d”s?), one of the transition-
metal 4s electrons takes the place of the Li 2s, albeit dis-
torting the LiOH bands. The virtual bound states arising
from the local majority d states fall in the gap region and
are fully occupied. (These states are hybrids of the 3d
orbitals and the surrounding LiOH states and have finite
energy widths, but are isolated in energy. Although there
are small energy differences among the different magnetic
configurations, the arguments regarding the filling of mi-
nority vs. minority states still applies because the d-like
states are in the gap.) For the minority d orbitals, the
lowest ones filled by the remaining d electrons (0, 1, 2 for
Mn, Fe, Co, respectively) are similarly in the gap. The
remaining dopant electron is split between the majority
LiOH conduction bands and, in the minority channel, a
virtual bound d state in the LiOH conduction states; it
these states that provide the doping to FeSe layer. More-
over, since the extra electrons going from Mn to Co are
accommodated in (minority) gap states, the conduction



states around the Fermi level — and hence doping con-
tributions — are similar for all three dopants. The local
minority virtual bound d states are visible in Figs. 2 and 5
for Fe and Co; for Mn, the minority d states are all above
the Fermi level and thus do not show up. The occupied
minority “gap” state for Fe and Co doping are seen below
the Fermi level. The defect level(s) above Ep correspond-
ing to the minority d virtual bound state that is at the
Fermi level for the isolated (Li,M)OH spacer layer; for
Co (Fe), this state is doubly (singly) degenerate, which
is reflected in these now unoccupied states. Thus, since
it is the quantity rather than the type of dopant — Mn,
Fe, of Co — that affects the doping level and hence elec-
tronic structure, it may be possible to tailor the dopants
in order to optimize both the FeSe electronic structure
and also the stability'® of system.

IV. SUMMARY

The band structures of (Lip.gsMp20H)FeSe (M = Fe,
Mn, Co) have been investigated via first-principles su-
percell calculations. The effects of doping 3d transition-
metal elements on the band structure of FeSe layers
are similar to those of interfacial oxygen vacancies in

FeSe/SrTiOs. The dopants provide electron doping to
the FeSe layer, shifting Er and leading to the absence
of hole pockets at I' for the checkerboard AFM state.
The doping substantially modifies the profile of the Fe-3d
band below the Fermi level, including renormalizing band
widths by a factor of about 0.3. The calculated bands for
the surface layer of CB-AFM FeSe-(Li,M)OH are overall
consistent with ARPES results, with the caveat that the
doping levels and intrinsic defects may further modify
the relative placement of the bands relative to the chem-
ical potential. However, the band structure of the FeSe
layers is insensitive to the magnetic ordering and type of
dopants, suggesting the possibility of tailoring the super-
conducting properties by modifying the doping.
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