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Abstract

The atomic-scale surface electronic states on the multi-layered apical-fluorine cuprate superconductor
BayCasCuO12 (O1-4, Fu)2 (Te ~ 70 K) are investigated by using low temperature scanning tunneling
microscopy /spectroscopy (STM/STS). The spatial gap distributions show the patch scale of ~ 0.5 nm,
which is quite shorter than the superconducting coherence length ~ 2 — 3 nm of other cuprate superconduc-
ters of a few nm. The high-bias (~ 1 V) conductance map contains some characteristic spots with contrasts
reverse to those at low bias, which are considered to be due to the charge unbalance of apical atoms such as

02~ and F—.
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1. Introduction

The apical fluorine (F) cuprate superconductors
are very attractive materials not only for the high
critical temperature (T¢) over 100 K, but also the
flexible stacking number of CuQ, sheets as well as ar-
bitrary carrier-density tuning by doping rate of F [1].
These materials have been investigated by various ex-
perimental methods [2, 3, 4, 5, 6]. Among them, the
direct observation of local density of states (LDOS)
and gap structures with atomic scale are particularly
important for the basic understanding of the cuprate
superconductivity. However, such LDOS in the apical
F cuprates have not been well clarified. In this paper,
we present the first observation of the gap and the
conductance distribution of BayCa;CugO12 (O1_s,
F.)2 (F0256) with nanometer scale by scanning tun-
neling microscopy/spectroscopy (STM/STS).
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2. Experimental

The F0256 superconducting single crystals (T ~
70 K) were fabricated by a high-pressure synthesis
technique [1]. The single crystals were cleaved at 77
K and the exposed surface is considered to be the Ba-
F/O layer of c-plane. The STM equipment used in
this experiment is commercially based system (Omi-
cron LT-STM) with some modifications [6, 7]. The
STM/STS observations were carried out at the tem-
perature of 4.9 K with the ultra-high vacuum condi-
tion of ~ 1078 Pa.

3. Results and discussion

Figure 1 (a) shows a gap distribution (A map) and
an STM topography (inset) on the cleaved F0256
surface. The STM topography, which is related to
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LDOS, shows randomly-distributed bright spot struc-
tures with a size of ~ 0.5 nm [6]. The A map also
shows a similar spot structure. Its characteristic size
(2€A), defined as the full width of half maximum of
autocorrelation analysis, is quite shorter than those
of other Bi-based cuprates: 26a ~ 0.45 nm for F0256
and ~ 3 nm for Bi2212[8]. Therefore, the length
of 2¢én for F0256 is also considerably shorter than
the superconducting coherence length of the other
cuprate superconductors, £y ~ 2—3 nm. We consider
that the inhomogeneous LDOS is probably related to
the distribution of such apical oxygens and/or flu-
orines. Then, these apical atom disorders should
induce the pseudogap state. The disordered apical
atoms are believed to affect the carrier density of the
nearest CuQO, layer and stabilize the pseudogap [8, 9].

To clarify the properties of these spots, the mea-
surements of the high-bias conductance spectra (—1.0
V to +1.0V) were carried out. Fig. 1(b) and (c) show
the conductance map at V = 0.65V and V = 1.00V,
respectively. The small black (partly white) dots in-
dicate the spot positions identified by the STM to-
pography. The conductance map at V = 0.65 V show
random spot structures which are almost same as
those of the STM topography. On the other hand,
at V =1.00 V, some spots show the reversed contrast
(indicated by the white dots in Fig. 1(c)).

Figure 2 show the typical examples of the high-bias
dI/dV curves taken on the different kinds of spots.
The curves A and C represent the averaged dI/dV
curves at the bright area (G > 0.6 nS) and at the
dark (reversed contrast) spot area (G < 0.25 nS)
on Fig. 1(c), respectively. The curve B shows the
medium conductance area (G =0.4 nS ~ 0.5 nS) on
Fig. 1(c) for reference. Obviously, the curve C shows
a large peak structure at V ~ 0.7 V, while the curve
A is monotonically increasing as the bias voltage in-
creases. This dI/dV peak is considered to be due to
the charge unbalance of anions such between F~ and
02~ in apical sites. Namely, such dark spots may
correspond to the positions of the replaced F and/or
the irregular configuration of these anions. However,
at present, no clear correlation is found between the
A map and such dark positions, indicating that these
irregular configurations do not simply affect the in-
homogeneity of the gap.

4. summary

The STM/STS observations of the BasCazCugO12
(O1_4,F.)2 superconductor were carried out. The
gap distribution shows the characteristic length scale
of ~ 0.5 nm, which is much shorter than that of
Bi-based cuprate and the superconducting coherence
length of the other cuprate superconductors.

The conductance map at 1.00 V shows some spots
with reversed contrast structures, which are consid-
ered to be due to the charge unbalance of apical sites.
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Figure Caption

Figure 1 (a) Gap (A) map and STM topography
(I; = 0.25 nA , Vygmpie = 0.8V) on F0256. The A is
defined as the lowest peak voltage at the positive bias
side. The conductance map areas are identical with
the A map. (b), (¢) Conductance map at Vigmpie =
0.65 V (b) and 1.00 V (c).

Figure 2 Averaged dI/dV spectra at bright spot
areas (A), medium areas (B), revarsal spot areas(C)
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