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Nanoscale electronic structure of the layered nitride superconductors α-KxTiNCl and
β-HfNCl y observed by scanning tunneling microscopy and spectroscopy
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2Graduate School of Engineering, Hiroshima University, Higashi-Hiroshima 739-8527, Japan
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Scanning tunneling microscopy and spectroscopy (STM-STS) measurements have been carried out on the
α (FeOCl)–type KxTiNCl (x ∼ 0.5, Tc = 16 K) and β (SmSI)–type HfNCly (y ∼ 0.7, Tc = 24 K) layered
nitride superconductors. The STM images at 5 K showed clear atomic arrangements for both the compounds,
namely, the rectangular lattice on α-KxTiNCl and the triangular lattice on β-HfNCly . The tunneling spectra
in the superconducting states at low temperatures demonstrate qualitatively different features between these
superconductors. For α-KxTiNCl, the spatial distributions of the density of states and the superconducting gap
structures are very inhomogeneous, while those on β-HfNCly are found to be almost homogeneous. The nanoscale
electronic features between these compounds correlate with the different lattice structures of the M (=Ti or Hf)
N conducting layers, which are caused by the lattice symmetry difference itself or induced by the difference
in the local doping distributions in these chemically reactive compounds. The averaged gap magnitudes in the
superconducting states, �̄ � 10.2 meV and 7.5 meV for α-KxTiNCl and β-HfNCly , corresponding to the gap
ratios 2�̄/kBTc � 15 and 7.2, respectively, indicate the unusually strong coupling effects of the superconductivity.

DOI: 10.1103/PhysRevB.85.144517 PACS number(s): 74.50.+r, 68.37.Ef, 74.70.−b, 74.81.−g

I. INTRODUCTION

During the past decades, several kinds of superconductors
with relatively higher critical temperatures (Tc), such as
layered nitirides,1 metal diborides,2 and iron pnictides,3 have
been newly discovered. Almost all of them, including the
cuprate superconductors, commonly have the two-dimensional
(2D) layer structures. Among them, the layered nitride super-
conductors (MNX, M = Zr, Hf, Ti; X = Cl, Br, I) with the
maximum Tc of 25.5 K (M = Hf, X = Cl) were discovered
in 1998 by Yamanaka et.al.1 The electronic states of these
materials can be systematically controlled by tuning both
carrier-doping level and the layer separation by the atomic
intercalation. Therefore, it should be very suitable for the
systematic investigations to compare mutually the necessary
conditions of the occurrence of the superconductivity.

There are now two types of the layered nitride compounds;
one is the α (FeOCl)–type structure with the 2D metal-nitrogen
(MN) layer of rectangular lattice [shown in Fig. 1(a)], and
the other is the β (SmSI)–type one with the 2D MN layer
of honeycomb lattice [shown in Fig. 1(b)]. Therefore, these
layered nitride superconductors are the rare kinds of materials
that have different lattice structures in the same compound
family. The α-type and the β-type ones can be comparable to
the cuprate and magnesium diboride superconductors because
the former compounds have the 2D-conductive rectangular
lattice and the latter have the honeycomb lattice. In the case of
β-type superconductors, many theoretical and experimental
studies have been done, and recent studies showed that
the compounds exhibit unconventional behaviors, such as
the small isotope effect (∼0.07, Refs. 4 and 5) and the
quite-low electronic specific-heat coefficient (∼1 mJ/mol
K2, Ref. 4). Our previous experiments of break-junction
(BJ) tunnel spectroscopy showed relatively large gap � (the
gap ratio is 2�/kBTc = 5 ∼ 6)6–8 with a BCS-like density
of states. The specific-heat measurement of β-type ZrNCl
also showed 2�/kBTc ∼ 5 assuming the anisotropic s-wave

gap.9 These results suggest that they possess weak electron-
phonon interaction and low carrier density but exhibit the
strong-coupling superconductivity. In contrast to the β-type
superconductor, the α-type one has not been well investigated
because it is difficult to synthesize and extremely reactive
in air. Recently, the α-type KxTiNCl superconductor was
successfully synthesized with Tc ∼ 16 K.10 This would enable
us to compare the superconductivity of different types of the
conducting lattice network.

To clarify the properties of these two types of layered nitride
superconductors, the investigations of the spatial variation of
the electronic properties with atomic length scale must be very
important. Among such experiments, the scanning tunneling
microscopy-spectroscopy (STM-STS) method provides the
most powerful tool to observe directly the local density of
states (LDOS) with atomic resolution in real space. In fact,
inhomogeneous electronic properties have been clarified in
cuprate superconductors by the STS method, which gave
unique and important contributions to understand the high-
Tc superconductivity.11–13 Especially in the case of layered
nitride superconductors, it is very interesting to investigate
whether such inhomogeneous LDOS exists in compounds
that have layered structures with different lattice symmetries
of α (rectangular)– and β (honeycomb)–type structures.
Furthermore, we hope to understand further the mechanisms
of superconductivity by comparing this material family with
abovementioned cuprate and other recently discovered super-
conductors.

In this paper, we show the first observation of the atomic
arrangements and spatial variation of tunnel spectra by the
STM-STS technique on different types of α- and β-layered
nitride superconductors. The different atomic lattice structures
of α and β types are directly visualized from the STM images.
From the measurements of the tunneling spectra and the gap
distributions in these superconductors, significant differences
are found between the two types of superconductors.
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FIG. 1. (Color online) Schematic lattice structure of α-KxTiNCl
(a) and STM image (c) (It = 0.1 nA, Vsample = 0.1 V). Schematic
lattice structure of β-HfNCly (b) and its STM image (d) (It = 0.1 nA,
Vsample = 0.1 V). Schematic ab(aa′)-plane lattice structures of each
compound are superposed in panels (c) and (d).

II. EXPERIMENTAL

The polycrystalline samples of α-type KxTiNCl (x ∼ 0.5,
Tc ∼ 16 K) were prepared by reacting powder α-TiNCl with
metal azides KN3 (potassium intercalation). On the other
hand, the β-type HfNCly samples (y ∼ 0.7, Tc ∼ 24 K)
were prepared by reacting with alkali metal (potassium)
formed by the thermal decomposition of azides KN3 (chlorine
deintercalation). The details of the fabrication of these samples
have been already reported.10,14 Since these samples were
very reactive in air humidity, they were mounted on the STM
sample holders in a pure Ar-filled grove box. The samples
were then sealed in a container and carefully transferred to
the ultrahigh vacuum (UHV) chamber (P ∼ 10−8 Pa) of the
STM apparatus and cleaved at 77 K. The STM equipment
used in this experiment is a commercially based system
(Omicron LT-STM) with some modifications.15,16 The STM-
STS observations were carried out at the temperature of 4.9 K
in UHV atmosphere of ∼10−8 Pa. Since the size of the single-
crystal domain facet is about several tens of micrometers, it is
enough to carry out the scanning operation by STM-STS. The
STM topographies were measured by a constant-current mode.
The dI/dV curves were obtained by numerical differentiation
of the measured I − V characteristics with the spatial interval
of ∼0.08 nm (KxTiNCl) and ∼0.15 nm (HfNCly).

III. RESULTS AND DISCUSSION

Figures 1(c) and 1(d) show STM images on the UHV-
cleaved KxTiNCl and HfNCly surfaces, respectively, at 4.9 K.
Since these compounds possess the layered structures, the
cleavage surface is always the ab (aa′) plane of the crystal. For
KxTiNCl, the rectangular atomic lattice distribution is clearly
visible in the STM image, while the triangular distribution
is obvious in the image of HfNCly . Therefore, we can
easily confirm the difference between the network structures
of KxTiNCl and HfNCly by STM topographies. From the
fast-Fourier transform (FFT) analysis of the STM images,
the periods of atomic corrugations on KxTiNCl and HfNCly
are |�a| = 0.41 nm, |�b| = 0.33 nm, and | �a′| = 0.36 nm. These
periods correspond to those observed by x-ray measurements
(|�a| = 0.406 nm, |�b| = 0.329 nm for KxTiNCl,10 | �a′| =
0.357 nm for HfNCly14), thereby indicating that both the
observed surfaces are ab (aa′) plane of the single-crystal
domain within the scanning area. Since the intervals of the
atomic lattice separation correspond to the unit cell, a specific
kind of atom is visible as the bright spots in the STM images.
It is considered that some other kinds of atoms are invisible
and/or they are observed as dark spots within the present
measurement conditions. In our observed topographies of
HfNCly with the various bias voltages (|V | < 0.5 V), only one
kind of lattice feature such as Fig. 1(d) was stably obtained.
As shown in the schematic crystal structure of ab (aa′) plane
superposed on the STM images, all kinds of atoms (K, Ti
or Hf, N, Cl) have the same interval distances at topmost or
second-to-the-top surfaces. On the basis of the total amount
of intercalated potassium (50% per unit cell) in KxTiNCl
and deintercalated chlorine (30% per unit cell) in HfNCly ,
the bright atomic spots do not exactly correspond to the
occupied potassium atoms or deintercalated chlorine sites.
Since the conducting layer of these compounds consists of
the metal-nitride double layer, it is reasonable to believe that
the observed structure is the network of the Ti-N or Hf-N layer.

For further understanding the surface properties, the bias
voltage dependence of STM images has been measured,
especially in KxTiNCl. Figure 2 shows the STM images
of the KxTiNCl compound with the various bias voltages
from −0.2 V to 0.3 V. By comparing the STM images, the
positive-bias STM images [Figs. 2(a) and 2(b)] show clearer
lattice structures than the negative-bias one [Fig. 2(c) and
2(d)]. The negative-bias images show a one-dimensional (1D)
streak-like pattern in contrast to the spot-like pattern for the
positive biases, which are indicated by the dashed lines in
Figs. 2(c) and 2(d). According to the band calculations of
TiNCl,10 the filled state (negative-bias side) consists of N
2p and Ti 3d bands, while the empty state (positive-bias
side) dominates the Ti 3d band. Then, STM can detect the
convolution of atomic lattice structures and the N 2p–Ti 3d

hybrid band only in the negative bias. Within this condition, the
STM images of the negative bias do not resolve atoms in the
b-axis direction, because the b-axis length is shorter than the
a-axis one; they show the 1D streaky pattern along the b axis.
Another important feature is that all of the STM images exhibit
the inhomogeneous background pattern as surrounded by the
dashed lines in Fig. 2(b). The enhanced bright areas occupy
about �0.55 ± 0.10 of whole the STM observed area, which
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FIG. 2. (Color online) Bias dependence of STM image on α-
KxTiNCl (It = 0.1 nA). Panels (a) and (b) are in the positive sample
bias (0.3 V, 0.1 V), and panels (c) and (d) are in the negative sample
bias (−0.2 V, −0.1 V).

is comparable to the nominal ratio of potassium intercalation
(x ∼ 0.5). Therefore, it is considered that these contrasts may
be related to the intercalated atoms and/or doped carriers. The
details of the STM topographies have been already discussed
elsewhere.17

In order to clarify the surface electronic states and
superconducting properties, it is necessary to inspect the
atomic-scale LDOS and gap distributions. It is well known
that the magnitude of dI/dV is proportional to the LDOS;
hence, the precise spatial distributions of LDOS are able to be
obtained by many-point dI/dV measurements. The 64 × 64
points of dI/dV measurements were carried out, and then the
dI/dV maps of each bias voltage V were derived from the
magnitude of conductance of the corresponding bias voltage
[dI/dV (V )].

Figures 3(a)–3(j) show the dI/dV maps with various
sample bias voltages (for energy levels, see the figure captions)
on KxTiNCl derived from the dI/dV spectra. The color scales
of these maps are common (bottom of the figures): As the
magnitude of the bias level is reduced, the contrast of the color
changes darker. Clearly, almost all maps show the spatially
inhomogeneous distributions of electronic states. Furthermore,
these distributions largely depend on the bias voltages. For
example, the distribution patterns are different between the
bias polarities, especially around |V | = 15 mV. In the dI/dV

map of V ∼ −15 mV [Fig. 3(c)], the brighter area is clearly
observed near the center (indicated by arrow), while in that of
V ∼ 15 mV [Fig. 3(h)], the bright areas of Fig. 3(c) turn to the
dark area. Figures 3(k)–3(o) show the dI/dV maps on HfNCly
with various sample bias voltages. Obviously, in the case
of HfNCly , the dI/dV maps show relatively homogeneous

FIG. 3. (Color online) (a)–(j) The dI/dV maps of α-KxTiNCl.
The sample biases are (a) −50 mV, (b) −30 mV, (c) −15 mV,
(d) −5 mV, (e) 0 mV, (f) 50 mV, (g) 30 mV, (h) 15 mV, (i) 5 mV,
and (j) 2 mV. (k)–(o) dI/dV maps on β-HfNCly with various bias
voltages of (k) −34 mV, (l) −9 mV, (m) 1 mV, (n) 10 mV, and
(o) 35 mV.

distributions, which are naturally expected for the conventional
BCS superconductors. This homogeneous property is noted to
be in contrast to KxTiNCl.

Figures 4(a) and 4(b) show the spatial variations (x) of
dI/dV (x,V ) spectra measured on (a) KxTiNCl [along the
dashed arrow in Fig. 3(a)] and (b) HfNCly [Fig. 3(k)]. In the
case of KxTiNCl [Fig. 4(a)], dI/dV curves show complicated
irregular shapes, but some curves show intensive peaks at
negative bias (for example, V ∼ −15 mV at the position
x = 2–3 nm). These curves show the large spatial variations
of the energy and height of peaks at negative bias side, and
the dI/dV magnitude at the zero bias, etc., within the scale
of a few nanometers. On the contrary, in the case of HfNCly
[Fig. 4(b)], the dI/dV curves show almost symmetric gap
edge peaks with respect to the bias polarity, which are also
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FIG. 4. (Color online) Typical spatial variation of dI/dV spec-
trum on (a) α-KxTiNCl [along the dashed arrow in Fig. 3(a), the 5-nm
displacement] and (b) β-HfNCly [along the dashed arrow in Fig. 3(k),
the 10-nm displacement].

expected for the conventional superconductors. Furthermore,
the dI/dV curves show spatially homogeneous electronic
structures.

Figure 5(a) shows the averaged dI/dV curve on KxTiNCl
from the observed area of Figs. 3(a)–3(j). As mentioned
above, the dI/dV curve shows the noticeable peak at only
V ∼ −15 mV. (The additional broad faint peak outside
V ∼ −45 mV is also observed.) However, this gap peak is
broadened and the zero-bias residual conductance is relatively
large. The peak voltage [shown as �p in Fig. 5(a)] has been
known to overestimate gap magnitude. Therefore, to obtain
the suitable gap magnitude from the broadened gap structure,
the fitting procedure was employed to calculate on the basis
of the broadened BCS density of states proposed by Dynes
et al.18

dI

dV
(V ) ∝ d

dV

∫ ∞

−∞

∣∣∣∣∣Re
E − i�√

(E − i�)2 − �2

∣∣∣∣∣
× [f (E) − f (E + eV )]dE. (1)

Here f (E) is Fermi distribution function, f (E) = [1 +
exp(E/kBT )]−1. �, T , and kB are the broadening parameter,
the observing temperature (T = 4.9 K), and Boltzmann con-
stant, respectively. The fitting curve is presented as the dashed
line in Fig. 5(a), which exhibits the best fit to the experimental
curve with � � 11 meV, � � 6.2 meV (�/� � 0.6). The
fitting curves with the other possible gap symmetries such
as d wave and anisotropic s wave were also calculated by
changing the terms of � in Eq. (1). However, all results
show no noticeable difference because of the relatively large
broadening parameter �. Such an agreement between the
BCS-based calculation and experiment is consistent with our
previous BJ tunneling measurements, although the � from BJ
is quite small (�/� � 0.1). This may due to the pair breaking
caused by the tunneling current via the STM tip depending on
the surface condition. Figure 5(b) shows the spatial distribution

of � (� map) on the same area of Figs. 3(a)–3(j). We have
obtained only the negative-bias peak-voltage �p shown by
the arrow in Fig. 5(a), although it appears as a shoulder
at the positive bias. Therefore, the calculated curves based
on Eq. (1) were compared with the averaged dI/dV curves
only for the negative-bias side. The gap parameters � were
obtained from these fittings on the several representative
experimental dI/dV curves averaged from those of the similar
range of �p; then, the linear relationship of � and �p

shown in the inset of Fig. 5(a) is obtained as � (meV) �
0.83�p − 1.4 (�p > 5 meV). According to this relationship,
the � map was obtained from all the observed �p. The
� map thus obtained is also inhomogeneous within the
range of a few nanometers. This length scale is comparable
or slightly shorter than that of cuprate superconductors,
probably reflecting the similar electronic instability. The inset
of Fig. 5(b) shows the histogram of �. The average of � is
�̄ � 10.2 meV and the standard deviation is σ� � 5.0 meV.
The averaged gap ratio 2�̄/kBTc is ∼15, which is almost
twice as large as that of HfNCly as mentioned later. This
value is extremely larger than the standard BCS value of
∼3.5. It is noted that this large ratio is comparable to that of
the cuprate superconductors (8–20).12,19,20 Furthermore, the
asymmetric shape of the dI/dV curve and inhomogeneous
gap distributions (σ� � 5 meV) are also commonly seen in
Bi-based cuprate superconductors.19 The localized large gap
area suggests that there exist regions where local Tc would
be higher than bulk Tc. It is noted that recent specific heat
and magnetic susceptibility measurements in LixZrNCl argued
the possibility of the pairing formation mediated by spin
fluctuations on the basis of the behavior of the doped insulators,
which would be one of the origins of the large gap that is also
one of the candidates for the pseudogap origin for cuprate
superconductors.21

According to the band calculation of KxTiNCl,10 the
pristine compound has the semiconducting gap of 1–2 eV
near the Fermi energy (EF ). With increasing the intercalation
(doping) of potassium atoms, the conduction band approaches
to EF , which increases the density of states at EF [N (EF )]. The
density of states of the conduction band is enhanced while that
below the EF level still remains low against the doping. These
band calculations seem to be consistent with the present STS
results in KxTiNCl because the slope of the tunnel spectrum
curve at the positive bias side is much steeper than that at the
negative bias side.

Figure 5(c) shows the averaged dI/dV curve on HfNCly
from the area (10 nm × 10 nm) of Figs. 3(k)–3(o). The
shape of the averaged dI/dV curve is similar to the series
of the dI/dV curves in Fig. 4(b) because these curves were
almost similar among the STS area. The dI/dV curve shows
bias-independent background features outside the gap voltage
(|V | = 10–60 mV). These results are consistent with the band
calculations,22–24 which show that the total density of states in
the vicinity of EF is almost constant within the energy region
of |E| < 0.5 eV. The curve shows clearer gap features than
that of the KxTiNCl. Nevertheless, it has the finite zero-bias
conductance dI/dV (V = 0 mV). Therefore, like the case
of KxTiNCl, in order to obtain the suitable gap magnitude
from the dI/dV curve, the fitting procedures were also
performed on the basis of Eq. (1). The fitting curve is shown by
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FIG. 5. (Color online) (a) Averaged dI/dV curve with the fitting curves (dashed line) based on Eq. (1) and (b) � map on α-KxTiNCl
(5 nm ×5 nm). (c) Averaged dI/dV curve with the fitting curves (dashed line) based on Eq. (1) and (d) � map on β- HfNCly (10 nm ×10 nm).
The scale color is common with panels (b) and (d). The insets of panels (a) and (c) show the relationships between the peak gap �p and the
calculated gap � from the fitting procedures. The insets of panels (b) and (d) are the histograms of � maps.

dashed line in Fig. 5(c). The fitting parameter of the averaged
dI/dV is � = 7.2 meV, � = 3.2 meV, where the ratio �/� ∼
0.44 is similar or somewhat smaller than that of KxTiNCl
[Fig. 5(a)].

Figure 5(d) shows the � map for HfNCly . The method of
the estimation of � was similar to that of the KxTiNCl, and the
peak gap magnitude �p was defined as half the peak-to-peak
bias voltage as shown by the arrow in Fig. 5(c). The rela-
tionship between the �p and � is � (meV) � 0.88�p − 2.7
(�p > 5 meV) in this HfNCly case [shown in the inset of
Fig. 5(c)]. The averaged gap �̄ and the standard deviation σ�

are �̄ � 7.5 meV and σ� � 1.9 meV, respectively. Since the
present σ� is about 1/3 of that of KxTiNCl, it is obvious that
the spatial gap distribution of HfNCly is more homogeneous
than that of the KxTiNCl. It is very interesting to note that
the features of electronic density of states turn out to be very
different between α- and β-type compounds even though they

are in the same material family. In the case of β-HfNCly ,
the conductance features are almost homogeneous, which is
consistent with the conventional superconductors. However,
the gap ratio 2�̄/kBTc ∼ 7.2 (2�̄ ∼ 15 meV) is about twice
as large as the BCS ratio, 3.5. This large gap ratio is nearly the
same as that of Bi2212 (Bi2Sr2CaCu2O8+δ) (8–12)12,19,20 and
organic superconductors (∼10).25 It should be also noted that
the gap �̄ � 7.5 meV is smaller than that of KxTiNCl (�̄ ∼ 10
meV), while the Tc is twice as large as that of KxTiNCl. This
fact indicates that the magnitude of � may not scale to the
Tc within this material family. From our recent BJ tunneling
results of HfNCly , the existence of multiple gaps, � ∼ 2, 5,
and 8 meV, were clarified.26 By comparing the BJ data with
the STS results, the largest gap observed in BJ turned out to
correspond to the typical gap of this STS experiment. The quite
large gap obtained here is too large to explain in the framework
of the strong-coupling theory.26,27 The medium gap, ∼5 meV,
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obtained by BJ just corresponds to the recent results of
heat capacity measurements,21 while it is not observable by
the STS experiment. This discrepancy may be due to the
difference in the measuring methods. The BJ tunneling spectra
are believed to contain information from all directions of
tunneling currents detecting the unaffected surface properties.
On the other hand, an STS method is sensitive to the
initial surface states and detects the gap in the extremely
local area. Furthermore, the strong two-dimensionality of
these materials may enhance the difference in the measured
properties. The complex multiple bands and Fermi surface(s)
might lead to anisotropic gap such as d wave or anisotropic
s wave. However, as mentioned above, the gap symmetries
cannot be identified from the fitting procedures of the dI/dV

curves in both KxTiNCl and HfNCly , because of the large
broadenings. Further experiments must be needed to clarify
these issues.

The most distinct feature in our results of two compounds
is that the local density of states changes strongly within a
few nanometers only in the α type, which is in contrast to
the β type. At present, we consider the three possible origins
of the difference between α and β types. The first possibility
is that the inhomogeneous local density of state is due to
the lattice-network specific properties. The α-type structure
has a 2D Ti-N rectangular lattice of ab plane [see Fig. 1(a)],
which is in a sense similar to the cuprate superconductors.
This rectangular ab-plane network is considered to be “lower”
in crystal symmetry than honeycomb network of Hf-N [see
Fig. 1(b)]. Felser et al. predicted that the Fermi surface of
electron-doped HfNCl is formed by only one band originating
from Hf 5d–N 2p hybridized orbital and possesses the six-fold
symmetry of the Fermi surface,24 which has higher symmetry
than the rectangular network of Ti-N. On the other hand, from
the band calculation of doped KxTiNCl,10 Ti 3d–N 2p hybrid
band mainly contributes to the Fermi surface and the shape of
the two-fold symmetry of Fermi surface is assumed by the or-
thorhombic crystal structures. Such low dimensionality of the
crystal could cause inhomogeneous electronic states because
of the possible electronic fluctuations. The theoretical study
of the lattice-dependent superconductivities was also reported
by Kuroki et al.28 It shows that the superconductivity of the
honeycomb lattice is robust toward the changing of the level-
offset energy between the M and N networks of MN lattice,
while that of the square lattice has the strong dependence on
the level-offset energy. If we assume that these offset energies
vary spatially, it is consistent with our experimental results of
the more homogeneous superconductivity occurring in honey-
comb lattice of HfNCly . Second, the observed inhomogeneous
gap � in KxTiNCl might be involved with the impurity
states by the intercalation, because the � peaks occur only
at the negative bias side. It is noted that the recent theoretical
results29 showed that doped isotropic semiconductors such
as boron-doped diamonds would possibly become inhomo-
geneous (localized) superconductors induced by impurity
potential. Therefore, these layered nitride superconductors,
whose mother compounds are band semiconductors, are also
considered to have the possibility of the impurity-induced local
superconductivity. Third, these inhomogeneous features can
be due to the local doping distributions by inhomogeneous
intercalation. In KxTiNCl, the inhomogeneous doping made

by intercalated atoms could affect the local density of states
and thus superconducting properties. It is noted that these
results in KxTiNCl are comparable to the case of Bi2212
with the strong doping dependence of the gap size.30 On the
other hand, in the case of HfNCly , the Tc does not change
against carrier concentration and superconducting properties
are robust.31,32 Therefore, the gap energy shows homogeneous
properties even there is an inhomogeneous local doping
distribution.

At last, there were still some essential ambiguities to
distinguish whether the observed inhomogeneous properties
were due to the bulk or the surface phenomena, because the
STM-STS in principle detects the tunneling current from the
surface. However, by taking the strong two dimensionality
of these materials into account, the surface tunneling current
of STM-STS was considered to contain the information of
the bulk electronic states, as in the case of other recent STM
experiments.11–13,20 It is noted that, from the inhomogeneous
dI/dV spectra and relatively large gap-broadening parameter
�, especially in KxTiNCl, the possibility of the initial
contamination that affects the strongly disordered electronic
states cannot be excluded. More detailed kinds of experiments
must be needed with higher purity compounds as well as
other layered nitride compounds to elucidate the essential
relationship between the lattice symmetry and the electronic
structure in the superconducting states.

IV. SUMMARY

We have carried out the STM-STS measurements of both
α-KxTiNCl and β-HfNCly superconductors. From the STM
images, the clear atomic structures of the rectangular lattice
on α-KxTiNCl and the triangular lattice on β-HfNCly were
confirmed. The dI/dV spectra show qualitatively different
features between these superconductors; the spatial distribu-
tion of the tunneling spectrum and the gap magnitude on
α-KxTiNCl are inhomogeneous, while those on β-HfNCly
show relatively homogeneous distribution. The averaged gap
magnitudes of �̄ � 10.2 meV (the standard deviation of
gap σ� � 5.0 meV) and �̄ � 7.5 meV (σ� � 1.9 meV) for
α-KxTiNCl and β-HfNCly , with the gap ratios 2�/kBTc �
15 and 7.2, respectively, are extremely large as compared
with BCS theory. The difference in the gap ratio between
them is considered to be caused by the lattice symmetry
difference itself or induced by the difference in the local
doping and impurity distributions in these chemically reactive
compounds.
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