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bstract

ptoelectronic properties and device applications of layered mixed-anion compounds such as oxychalcogenide LaCuOCh (Ch = chalcogen) and
xypnictide LaTMOPn (TM = 3d transition metal, Pn = pnicogen) are reviewed. Several distinctive functions have been found in these materials based
n our original material exploration concept. Fabrication of high-quality epitaxial films of LaCuOCh leads to clarifying the excellent electrical and
ptical properties such as high hole mobility of 8 cm2/(V s) and heavy hole doping at >1021 cm−3 in LaCuOSe, and sharp and tunable-wavelength
hotoluminescence in the solid–solution systems in LaCuOCh. In addition, a room temperature operation of a light-emitting diode is demonstrated
sing LaCuOSe as a light-emitting layer. These results suggest that the layered oxychalcogenides have potential for light-emitting layers as well as

ransparent hole-injection layers in organic/inorganic light-emitting diodes. Furthermore, by extending the material system from the copper-based
xychalcogenides to isostructural compounds, transition metal-based oxypnictides LaTMOP (TM = Fe, Ni), we have found novel superconductors,
aFeOP and LaNiOP.
2008 Elsevier Ltd. All rights reserved.
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. Introduction

Recently, it is recognized that wide gap oxide-based
emiconductors are attractive materials for short wavelength
ptoelectronic devices. However, p-type doping is much difficult
han n-type doping for wide gap oxide-based semiconduc-
ors because the valence band maximum (VBM) of a typical
xide is formed by rather deep oxygen 2p6 orbitals. Among
number of wide gap oxide-based materials, we found that

ayered oxychalcogenides, LaCuOCh (Ch = chalcogen such as
, Se, and Te), are wide gap p-type semiconductors1–3 by
xtending our material design concept for wide gap p-type

xide semiconductors.4–6 The design concept proposes that the
ybridization between Cu 3d orbitals and chalcogen np (n: prin-
ipal quantum number, n ≥ 3) orbitals enhances delocalization

∗ Corresponding author. Tel.: +81 45 924 5128; fax: +81 45 924 5127.
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perties; Superconductivity

f positive holes at the valence band maximum and improve the
ole mobility. Fig. 1(a) shows the crystal structure of LaCuOCh.
his material consists of alternate stacking of (LaO) and (CuCh)

ayers along the c-axis.7–12 The energy band structure is of a
irect-transition type, and the conduction band minimum (CBM)
s primarily composed of Cu 4s, and the VBM are mainly com-
osed of well-hybridized band of Cu 3d and chalcogen np as
xpected above.13–18 That is, the components of the VBM elec-
ronic states meets the above design concept, and it is clarified
hat the (CuCh) layers work as carrier transport layers.

Furthermore, this kind of the layered structure may be, in
sense, regarded as a kind of superlattice composed of wide

ap (LaO) (cf. the energy gap of the simple oxide La2O3 is
5.5 eV) oxide layers and narrow gap (CuCh) (cf. that of Cu2Ch

s <2 eV) chalcogenide layers. If there is a large band offset

etween these layers, a tunneling barrier formed by the (LaO)
ayers may be high enough to confine the wave function of the
oles in the chalcogenide layers, and the superlattice may also be
egarded as multiple quantum wells. Therefore we expect these

mailto:h-hirama@lucid.msl.titech.ac.jp
dx.doi.org/10.1016/j.jeurceramsoc.2008.03.016
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ig. 1. Crystal structures of layered mixed-anion compounds. Lattice syste
Ch = chalcogen). (b) Oxypnictide LaTMOPn (TM = divalent 3d transition metal
re composed of edge-sharing networks of CuCh4 and TMPn4 tetrahedra, res
etrahedra.

aterials exhibit unique electrical and optical properties orig-
nating from the naturally formed, two-dimensional structure.
ctually, the two-dimensional structure19 leads to interesting
ptical properties in LaCuOCh. For instance, ultraviolet–blue
hotoluminescence (PL)2,3,20 and large third order optical
onlinearity21 that originate from room-temperature stable exci-
ons are observed. Thus, this material series can be a promising
andidate for an active layer in light-emitting diodes (LEDs)
hat operate in the ultraviolet–blue region as well as transparent
ole-injection electrodes.

In order to explore other unique materials, we have extended
he materials system to isostructural oxypnictides, LaTMOPn
TM = 3d transition metals, Pn = pnicogens such as P, As, and
b). Since Cu+ ions in LaCuOCh are replaced by divalent 3d

ransition metal ions in LaTMOPn and divalent Ch2− anion by
rivalent Pn3− anions as shown in Fig. 1(b),22–25 we expect that
he (TMPn) layer governs the carrier transport like the (CuCh)
ayer in the oxychalcogenides, and that novel properties due to
pins in the TM ions such as ferromagnetism and superconduc-
ivity may be found in the oxypnictides.

In this paper, we review the unique optoelectronic properties
hat have been recently found in the high-quality epitaxial thin
lms of the oxychalcogenides such as a high hole mobility, heavy
ole doping over 1021 cm−3, a highly efficient light-emission.
he successful fabrication of high-quality epilayer led to a first
emonstration of room-temperature operation of a hetero pn
unction LED based on LaCuOSe. Further, superconducting
roperties of LaTMOP (TM = Fe and Ni) are also reviewed.

. Oxychalcogenide, LaCuOCh (Ch = chalcogen)

.1. Heteroepitaxial growth26,27

It is not easy to fabricate high-quality samples of LaCuOCh
ecause LaCuOCh have somewhat complex chemical composi-
ions and the chalcogenide components easily evaporate from a

ample at high temperatures especially in vacuum. Although we
ad made extensive efforts to grow epitaxial films by a high tem-
erature pulsed laser deposition (PLD) technique, epitaxial films
ad not been obtained. Therefore, we employed a reactive solid-

T
s
l
t

tragonal, space group: P4/nmm (No. 129). (a) Oxychalcogenide LaCuOCh
pnicogen). (CuCh) and (TMPn) layers, which work as carrier transport layers,
ely. Four out of the six edges of a tetrahedron are shared with neighboring

hase epitaxy (R-SPE) technique,28 which was first invented
or fabricating single-crystalline films of homologous series lay-
red compounds, InGaO3(ZnO)m (m = integer). Currently, this
rocess has been applied to fabrication of high-quality epitaxial
lms of many multi-component compounds.29–42 The heteroepi-

axial films of LaCuOCh were successfully grown when a thin
u layer was used as a sacrificial layer.

Fig. 2 shows a flow chart of the R-SPE process used to
row LaCuOCh [Ch = S1−xSex (x = 0–1)] epitaxial films. A PLD
echnique was applied for the film deposition using a metal-
ic Cu and single-phase LaCuOCh (Ch = S and Se) ceramics
s targets. First, a thin Cu (∼5 nm) layer was deposited on a
gO (0 0 1) substrate at 400 ◦C. Then, an amorphous bi-layer

f LaCuOSe/LaCuOS was deposited on the Cu (∼5 nm)/MgO
tructure. The anion composition (x) is controllable by tuning
he thickness ratio of the LaCuOSe and LaCuOS layers. The
esulting multi-layered film, capped with an YSZ plate, was
ealed in an evacuated SiO2 glass ampule (<0.2 Pa) with a small
mount of powders of respective materials, and then the evacu-
ted ampule was thermally annealed at 1000 ◦C. The capping
ith the YSZ plate and the addition of the powders in the

mpule are crucial for maintaining the stoichiometric compo-
ition in the annealed films. The Cu layer firstly deposited is
key to obtaining the epitaxial films in this process. In order

o grow epitaxial films, it is inevitable that the thin Cu layer
as a discontinuous structure with triple junctions of the Cu
lm, the amorphous LaCuOCh layer, and the substrate,43 where

he triple junctions create epitaxial seed grains during the post-
hermal annealing. The resulting seed grains work as a template
or subsequent solid-phase epitaxial growth of the amorphous
aCuOCh layer from the substrate–film interface to the film’s

op surface.
Fig. 3 shows a cross-sectional transmission electron micro-

cope (TEM) image of a LaCuOS epitaxial film prepared by
-SPE. A layered structure originating from the parallel stacking
f LaCuOS (0 0 l) planes is clearly observed over the entire area.

he film–substrate interface is sharp without other compounds
uch as reaction sub-products and/or residual Cu. The thin Cu
ayer deposited in the R-SPE process completely disappears due
o the solid-state reaction with the amorphous LaCuOS layer.
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Fig. 2. Process flow of R-SPE for hetero

lthough phase mismatches between the crystalline lattices in
he film and the substrate, which would result from the large lat-
ice mismatch between LaCuOS and MgO (∼5%), are observed
t the hetero-interface, the lattice structure in the film appears to
e relaxed within a few atomic layers from the interface without
ropagating dislocations.

Four-axes high-resolution X-ray diffraction measurements
lso revealed that all LaCuOCh films prepared by R-SPE are
eteroepitaxially grown on MgO (0 0 1) substrates, keeping
he crystallographic orientation of (0 0 1)[1 1 0] LaCuOCh ||

0 0 1)[1 1 0] MgO. The lattice parameters of the LaCuOCh epi-
axial films are close to those of powders, demonstrating that the
rystalline lattices in the films are fully relaxed and have little

ig. 3. Cross-sectional TEM image of LaCuOS epitaxial film on MgO (0 0 1)
ubstrate prepared by R-SPE.
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ial growth of LaCuOS1−xSex (x = 0–1).

istortion. These results verify that the obtained films are of high-
uality and R-SPE is a practical technique for the heteroepitaxial
rowth of the layered oxychalcogenides, LaCuOCh.

.2. Carrier transport properties of LaCuOS1−xSex

x = 0–1) epitaxial films44,45

Fig. 4 shows the carrier transport properties of undoped
aCuOS1−xSex (x = 0–1) epitaxial films at 300 K. The Seebeck
oefficients were positive for all the films. This result, along
ith phase angles = ∼0◦ obtained by ac-Hall measurements, ver-

fies that all the films are p-type conductors. The Se addition
onotonously increases the electrical conductivity (σ, circles)

nd Hall mobility (μ, triangles). Since the carrier concentration
n, squares) remains almost constant irrespective of change in
he Se content, the increase in the conductivity originates from
he enhanced hole mobility. A model, in which the hole conduc-

ion paths are broadened by orbital-hybridization enhanced by
eplacing the chalcogen ion from S to Se, explains this result
ell. That is, the Se addition increases hole mobility due to the

nhanced covalency and hybridization between Se 4p and Cu

ig. 4. Carrier transport properties of undoped LaCuOS1−xSex (x = 0–1) epitax-
al films measured at 300 K as a function of Se content x.
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ig. 5. Film thickness dependence of carrier transport properties of LaCu-
Se:Mg epitaxial films measured at room temperature. Closed symbols show

he data reported previously in Ref. [44].

d orbitals at the VBM. The Hall mobility at 300 K obtained
n undoped LaCuOSe reaches 8.0 cm2/(V s), which is compara-
le to that of a wide gap p-type III–V semiconductor GaN:Mg
∼10 cm2/(V s)].46–48 This result is consistent with the materials
esign concept and our aim described in the introduction. Thus,
odifying the anionic species is an effective way to modulate the
BM dispersion to design a new wide gap p-type semiconductor.

.3. Heavy hole doping over 1021 cm−3 of LaCuOSe
pitaxial films49

To further increase the p-type conductivity of oxychalco-
enides, alkaline-earth metal ions such as Sr2+, Ca2+, and Mg2+

ere added to LaCuOSe epitaxial films, because LaCuOSe
as the highest mobility among the oxychalcogenides. Among
hese additives, only the Mg2+ addition changed the LaCuOSe
pitaxial film with 150 nm thickness to a degenerate p-type semi-
onductor with a high carrier concentration of ∼2 × 1020 cm−3

y keeping a moderately large hole mobility ∼4 cm2/(V s),
hich is the first demonstration of high-density hole doping

t >1020 cm−3 in a wide gap p-type epitaxial film.44 Further-
ore, we have recently found that one order of magnitude higher

ensity hole doping (1.7 × 1021 cm−3) is achieved in thinner
∼40 nm) LaCuOSe:Mg epitaxial films.

Fig. 5 shows the film thickness dependence of carrier trans-
ort properties of the LaCuOSe:Mg epitaxial films. Although
constant Hall mobility ∼3.5 cm2/(V s) is maintained, the car-

ier concentration increases as the film thickness decreases, and
nally reaches the hole concentration of 1.7 × 1021 cm−3 and

he electrical conductivity of 910 S cm−1 for 40-nm-thick films.
ue to the high-density hole, the transport properties showed a
egenerate conduction. These σ and n values are nearly an order
f magnitude larger than those previously reported for 150-nm-
hick films in Ref. [44]. Typically, it is difficult to achieve such
high-density hole doping for wide gap p-type semiconductors

uch as GaN:Mg48 and ZnO:N50 due to the deep acceptor lev-
ls, which are ∼100–200 meV deep from the VBM. This is the

rst demonstration of high-density hole doping >1021 cm−3 in
wide gap p-type semiconductor epilayer.

Atomic force microscopy (AFM) showed that the film sur-
aces of the LaCuOCh films consisted of tetragonally faceted

q
L
t
T

ig. 6. (a) AFM image of CMP-polished, LaCuOSe:Mg epitaxial film with
0 nm thickness. (b) Cross-sectional profile along the line in (a).

rains and have somewhat large roughness.32,51 By employing
hemical mechanical polishing (CMP), an atomically flat, ter-
ace, and step surface was obtained in the 40-nm-thick high hole
ensity films as shown in Fig. 6(a). The step heights are ∼0.9 and
0.5 nm (Fig. 6(b)), which correspond to the c-axis length of the

nit cell and the thickness of a single molecule (LaO) or (CuSe)
ayer, respectively. The wide gap p-type degenerate conduction,
he high-density hole doping, and the atomically flat surface

ake LaCuOSe:Mg a promising material for improved hole-
njection electrodes in optoelectronic devices such as organic
nd inorganic LEDs.

.4. Optical properties of LaCuOS1−xSex (x = 0–1)
pitaxial films52

Fig. 7 shows the PL and absorption spectra of the LaCuOS
nd LaCuOSe epitaxial films at 10 K. A sharp excitonic absorp-
ion peak is observed at 3.280 eV for LaCuOS. On the other
and, two absorption peaks at 3.085 and 2.960 eV are observed
or LaCuOSe. This energy splitting of ∼125 meV originates
rom the spin–orbit interaction in the Se ions.19 Due to the high-

uality of the films, the sharp PL bands peaking at 3.241 eV for
aCuOS and 2.925 eV for LaCuOSe are clearly observed near

he band edge. These PL peaks are attributed to bound excitons.
he full widths at half maximum of the bound-excitonic PL
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the a-InGaZn5O8 layer are coupled with the holes in the p-type
LaCuOSe layer to form the excitons, which are annihilated by
ig. 7. Optical absorption and PL spectra of LaCuOS (solid line) and LaCuOSe
dotted lines) epitaxial films at 10 K. The excitation source of the PL spectra is
He–Cd laser (λ = 325 nm, excitation density = ∼30 mW cm−2).

ands are ∼10 meV for LaCuOS and ∼30 meV for LaCuOSe,
espectively.

Fig. 8 shows the PL energies in LaCuOS1−xSex (x = 0–1) epi-
axial films at room temperature as a function of Se content x.

he emission energy decreases almost linearly as the x increases,
hich allows one to tune the emission energy from 3.21 eV

386 nm) to 2.89 eV (429 nm) by changing x. The decrease in the
mission energy is attributed to a change in the VBM electronic

ig. 8. PL energies of LaCuOS1−xSex (x = 0–1) epitaxial films at room temper-
ture as a function of Se content x.
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tructure because the VB dispersion is increased and conse-
uently the band gap is decreased when more Se ions substitute
or the S ions. The controllability of the emission wavelength
from 386 to 429 nm) and the electrical conductivity (from a
hermally-activated type to a metallic conduction) in LaCuOCh
re promising properties for an emitting layer in light-emitting
evices as well as a transparent hole-injection layer.

.5. Blue LED based on LaCuOSe epitaxial film53

The efficient blue PL due to the room-temperature stable exci-
on and the controllable p-type conductivity make LaCuOCh,
specially LaCuOSe, promising materials for optoelectronic
evices that operate in the short wavelength region. A draw-
ack of these oxychalcogenides is the difficulty in obtaining an
sostructural n-type layer, making it impossible to fabricate a pn
omo-junction. Therefore, we fabricated a pn hetero-junction
y depositing an n-type amorphous indium gallium zinc oxide
a-InGaZn5O8, the band gap is ∼3.5 eV] layer54–56 on a p-type
pitaxial LaCuOSe film. The essential merit of the employment
f an amorphous material as a n-type layer is the capability
f low temperature fabrication of pn junction which prevent
erious degradation of the hetero-interface due, e.g., to thermal
iffusion.

Fig. 9 shows the electroluminescence (EL) spectra of the
n hetero-junction measured at room temperature as a func-
ion of injected current density. A sharp blue EL band at
= ∼430 nm first appears at a forward current density (Iforward)
f ∼1.4 A cm−2. The intensity increases with Iforward and tends
o saturate with a further increase in Iforward. It is confirmed that
he energy and bandwidth of the EL spectra agree well with
hose of the PL spectrum. That is, the electrons injected from
mitting blue luminescence. This is the first demonstration of an
xcitonic LED composed of the oxychalcogenides.

ig. 9. EL spectra of a pn hetero-junction LED composed of p-LaCuOSe epi-
ayer and n-InGaZn5O8 amorphous layer, measured from the MgO substrate at
oom temperature as a function of the current density. The inset shows the device
tructure.
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. Oxypnictide, LaTMOPn (TM = 3d transition metal,
n = pnicogen)

.1. Novel Fe-based superconductor, LaFeOP57

Systematic research on layered oxychalcogenides, LaCuOCh
Ch = chalcogen),6,58 has implied that the (CuCh) layer, which is
andwiched by the larger energy gap (LaO) oxide layers, works
s a hole carrier transport path. As an analog, the (TMPn) layer in
n isostructural compound LaTMOPn is also expected to be a car-
ier conduction layer sandwiched by the (LaO) larger energy gap
ayers as shown in Fig. 1. This two-dimensional crystal structure,
hich contains a 3d transition metal ion, led to the expectation

hat interesting electronic and/or magnetic properties would be
iscovered based on the electron correlation. Consequently, we
ound a novel superconductor in the Fe-based layered system,
aFeOP.

Fig. 10 shows the temperature dependence of electrical resis-
ivity (ρ) of undoped and F-doped LaOFeP polycrystalline bulks,
ynthesized by a solid-state reaction. Both the data exhibit
etallic behavior at temperatures >10 K (inset of Fig. 10). At

emperatures below 5 K, a sharp drop in ρ for undoped LaFeOP
s observed, and the resistivity vanishes at 3.2 K, implying the
ransition to a superconductivity phase. The superconducting
ransition temperature is significantly raised by F-doping. The
ransition temperature shifts to lower temperatures with increas-
ng a magnetic field (H), indicating that the magnetic field breaks
he superconductivity state (Fig. 11(a)). The magnetic suscepti-
ilities (χ) measured in zero-field cooling processes (Fig. 11(b))
each −2.4 × 10−3 emu/g and −1.2 × 10−2 emu/g at 2.3 K for
ndoped and F-doped LaFeOP, respectively. These values cor-
espond to the volume fractions of the superconductivity phase
f 18% and 91%, respectively. These observations, i.e., the zero

esistivity and the perfect diamagnetism, verify the occurrence of
he superconducting transition in LaFeOP at ∼4 K. A magnetiza-
ion curve showed a typical profile for a type-II superconductor
imilar to layered copper-based oxides, and the lower supercon-

ig. 10. Temperature dependence of electrical resistivity of undoped (circles)
nd F-doped (squares) LaFeOP at 0 Oe. The inset shows an expanded view from
1.8 to 300 K.
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aFeOP at various magnetic fields (H). (b) Temperature dependence of magnetic
usceptibility (χ) of undoped (solid line) and F-doped (dotted line) LaFeOP. The
orizontal dashed line shows the χ value of the perfect diamagnetism.

ucting critical magnetic field (Hc1) was observed at ∼17 Oe
nd the upper superconducting critical magnetic field (Hc2) at
1000 Oe.

There is a distinct difference in the coordination structure in
aFeOP compared with the layered copper-based superconduc-

ors reported so far; that is, a Cu2+ ion in the layered copper-based
uperconductors occupies a planar fourfold square site while
e2+ in LaOFeP occupies a tetrahedral site coordinated with
our P3− ions, and the tetrahedrons are linked with each other
y edge-sharing to form the (FeP) layer, as shown in Fig. 1(b).
s a consequence, the electrons at the Fermi level occupy Cu2+

dx2−y2 orbitals in the layered copper-based superconductors,
hile Fe2+ 3dz2 and 3dxz, yz orbitals form the Fermi level for
aFeOP. These features suggest that LaFeOP has an impor-

ance for superconductivity physics and material exploration:
he finding of the new iron-based superconductor with a differ-
nt type of a layered structure will provide an opportunity for
tudying the mechanism of high-Tc superconductivity in layered
rystals.

.2. Superconducting properties of LaNiOP59

Since the finding of superconductivity in LaFeOP, we have
xtended the material system to other LaTMOPn with other TM
uch as Mn (3d5) and Co (3d7) and have found that LaMnOP60

nd LaCoOP61 are, respectively, an antiferromagnetic semi-
onductor and a ferromagnetic metal. That is, electrical and
agnetic properties of this oxypnictide series drastically change

y varying TM ions. Next, we were therefore interested in elec-
rical and magnetic properties of an isostructural compound

aNiOP, in which Ni has an electronic configuration of 3d8.
owever, synthesis of LaNiOP was not reported previously.
ecently, we succeeded in preparing LaNiOP polycrystalline
ulk sample by a solid-state reaction using a stoichiometric
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ig. 12. Temperature dependence of electrical resistivity of LaNiOP at 0 Oe.
he inset shows an expanded view from ∼1.8 to 300 K.

ixture of LaP and NiO, and found that LaNiOP was also a
uperconductor.

Fig. 12 shows the temperature dependence of the electrical
esistivity at H = 0 Oe. The resistivity exhibits a metallic behav-
or, begins to drop around 4 K, and becomes zero around 2 K.
he onset temperature shifts to a lower temperature as the H

ncreases, and the drop in ρ vanishes at H = 10,000 Oe (Fig. 13).
hese results suggest that the obtained LaNiOP exhibits a super-
onducting transition at ∼3 K. The temperature dependence of
he magnetic susceptibility (χ) implies a Pauli paramagnetism
etween 4 and 300 K as shown in the inset of Fig. 13. How-
ver, χ begins to drop and becomes negative at ∼3 K. It reaches
large negative value of −5.3 × 10−3 emu/g at 1.8 K. These

esults, together with the zero resistance, clearly indicate that
aNiOP exhibits superconductivity at temperatures below 4 K.

he volume fraction of the superconducting phase estimated

rom the χ value at 1.8 K is ∼40 vol.%. From the magnetization
urve, we have clarified that LaNiOP is a type II superconduc-

ig. 13. Temperature dependence of electrical resistivity of LaNiOP at vari-
us magnetic fields (H). The inset shows temperature dependence of magnetic
usceptibility (χ) of LaNiOP, measured under conditions of zero-field cooling
ZFC) and filed cooling (FC) at HFC = 10 Oe.
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or, like LaFeOP, with lower and upper critical magnetic fields
f Hc1 = ∼20 Oe and Hc2 = ∼800 Oe, respectively.

. Summary and concluding remarks

Characteristic properties in mixed-anion layered compounds
uch as oxychalcogenide LaCuOCh (Ch = chalcogen) and oxyp-
ictide LaTMOPn (TM = 3d transition metal, Pn = pnicogen)
ere reviewed with an emphasis on the two-dimensional struc-

ure. Successful fabrication of epitaxial thin films of LaCuOCh
ith the reactive solid-phase epitaxy (R-SPE) is a key to dis-

overing unique optoelectronic properties and demonstrating
room-temperature operation of light-emitting diode (LED)

sing LaCuOSe. Furthermore, novel superconductors LaTMOP
TM = Fe and Ni) have been found by extending the material sys-
em from oxychalcogenides to oxypnictides. The useful and/or
pplicable properties found for this material series are summa-
ized as follow:

1) The high hole mobility of 8.0 cm2/(V s) is obtained for
undoped LaCuOSe epitaxial film.

2) Heavy hole doping >1021 cm−3 is attained in Mg-
doped LaCuOSe epitaxial films. The conductivity reaches
910 S cm−1 (ρ = 1.1 × 10−3 � cm).

3) High efficient photoluminescence from room-temperature
stable excitons is observed. The peak position is tunable
from 386 to 429 nm by changing the Ch composition.

4) Blue LEDs based on LaCuOSe epilayers operate at room
temperature and emit excitonic sharp luminescence.

5) Novel layered superconductors were found in oxypnictides,
LaTMOP (TM = Fe and Ni). These findings lead to a very
recent discovery of a new superconductor with a high Tc of
26 K, F-doped LaFeOAs.62

These unique properties originate from low-dimensional
lectronic structures due to the sandwiched structures composed
f narrow-gap CuCh/TMPn layers and larger-gap (LaO) layers.
e may anticipate, therefore, this type of a layered material,
hich is composed of atomic layers with different energy gaps,

s a promising material for optoelectronic/magnetic applica-
ions.
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