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We performed a photoemission microscopy study on cleaved surfaces ga@iCuyOg. 5 Single crystal.
Our findings show that pronounced inhomogeneity effects exist even on good quality single crystals. The
length scale of the observed features ranges from a few microns to a few hundred microns. We discuss the
importance of our results for the interpretation of conventional photoemission experiments on
Bi,Sr,CaCuOg.. s Which typically probe an area of the order of 1 fim
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Shortly after the discovery of highz superconductorsit by a hemispherical analyzer with a 16-channel dete¢ttar
was recognized that the surface of these compounds is inhelifference in energy between adjacent channels is 8% of the
mogeneous. A high-resolution electron-energy-loss spectroginalyzer’s pass energylhe images we present here are ob-
copy investigation, with a spatial resolution of the order oftained by taking the counts of a single channel and are there-
50 um, demonstrated that both superconducting and nonsufore associated to a given energy, or the sum of a few chan-
perconducting areas coexist on the surface of cleavef€ls and are therefore associated to a given energy range.
YBa,Cu;0; and Bi,Sr,CaCuy Oy single crystal€.Inhomoge- The phot_oelectrons were detected in the horlz_ontal plane at
neities of the chemical composition were reported by scan30° grazing angle from the sample surface with an accep-
ning Auger microscopy studies of YBaw0; surfaced te}nce of=5°. At the 1<|1net|c energy .of the .valence'band, this
and by photoemission electron microscope investigations d@ivesk;=4.2+0.2 A™%. By comparison with the size of the
HgBa,CaCu;0q. 5 and HgBaCaCuyOg. s (Ref. 4 and Br_|lloum zone .(FX~F_Y~.1.16 A )_thls corresponds to a
single crystals of BiSr,CaCyOg, 5.° More recently, the im- fair Qegree of integration in the rgmprocql space. _
portance of the availability of spatially resolving techniques Figure 1 shows two photoemission images acquired at
has been demonstrated by a scanning photoemission micrgd2€rgies corresponding to the Bil $ore level(from 25.90
copy study of Ba_ ,K,BiO;_, single crystal$. to 26.06 eV belovEr) and to t_he valence _bar(&om_3.3§ to

At the Spectromicroscopy beamline of ELETTRAye 4.56 eV2 below Ef), .respec.:tlvel_y. The image size is 45
performed a photoemission microscopy study on the cleavedf 37 «m*. Three regions with different intensity levels, la-
surface of a BiS,CaCyOg, 5 Single crystal. This technique beled A, B, andC, can be recognized in both images. The
uses the strength of the photoemission spectroscopic analy-
sis, which probes the single-particle density of states. Here A
we put particular attention to the region close to the Fermi
edge which is the important one for the superconductivity.
This allows one to detect, with a submicron spatial resolu-
tion, variations of the electronic structure which are more
subtle than topographical or chemical composition inhomo-
geneities and which would therefore be undetectable with 10 pm
other microscopy techniques. —

The oxygen doping of the Bsr,CaCyOg ; Sample was FIG. 1. Photoemission images of the cleaved surface of a
close to optimum =91 K). More details about the sample g; s, cacy0s, ; single crystal. The size is 4537 um?. The two
and its characterization by low-energy electron diffractionjnages were acquired at energies corresponding to thed Begel
(LEED) and angle-resolved photoelectron spectroscopyleft: from 25.90 to 26.06 eV belovEr) and to the valence band
(ARPES can be found in Ref. 8. The sample was cleavedgright: from 3.36 to 4.56 eV belo), respectively. Three regions
and measured at room temperature. The photon energy usegth different intensity levels, labeled, B, andC, can be recog-
was 95 eV. The energy of the photoelectrons was analyzedized in both images.
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rg hv =95 eV FIG. 3. Photoemission image of the cleaved surface of a
; Bi,Sr,CaCuyQg, 5 single crystal. The size is 360800um?. The
J image was acquired detecting photoelectrons from 25.90 to 26.06
£ eV belowEr . A frame indicates the region displayed in Fig. 1.
z
n
é B mogeneities described above: the faults cross bott\thed
- o C regions without marking transitions from one region to the
other at the two sides of the topographical defects. The ob-

R Y e ey served chemical inhomogeneities seem therefore an intrinsic
Energy below E (eV) characteristic of the sample rather than being related to the
cleaving process. We addressed the issue of the relative
FIG. 2. Photoemission spectra of the valence b@op) and of  abundance of the different chemical species by acquiring a
the Bi 5d level (bottom of the cleaved surface of a valence-band spectrum every 0.1 mm in a region of 1.2
Bi,Sp,CaCy0g, 5 single crystal. The spectra were recorded from x 1 2 mnf adjacent to the one displayed in Fig. 3. None of
regionsA, B, andC indicated in Fig. 1. the spectra resembles the ones found in regibasdC; that
is, all of them look similar to the ones taken in regién
contrast is reversed in the two images, which clearly indi-exhibiting a visible feature at 1.5 eV belo#r and a well-
cates its spectroscopic origin. The valence band anddBi 5 developed Fermi edge. However, subtle but significant dif-
level spectra from the three regions are displayed in Fig. 2ferences between the spectra are present in the relative inten-
RegionsB andC are characterized by a lower spectral inten-sity of the features at 3.9 and 4.8 eV bel&y and in the
sity close to the Fermi edge, which indicates that they areletails of the spectral shape close to the Fermi edge. This
poorer in oxygen than regiof.®'° This is further confirmed effect was pursued in more detail after cleaving the sample
by the behavior of the feature at 1.5 eV bel&y which is  again. Figure 4(top) shows a photoemission image of the
related to oxygen states in the Cu-O lay®t8This feature is new clean surfacésize 400 155 um?) acquired detecting
not visible in regionsB and C, suggesting the presence of electrons in the range from 24.86 to 25.10 eV belgw.
oxygen vacancies in the Cu-O planes. Another indicator iBesides a pronounced dark feature at the right side of the
the Bi 5d level which is shifted by about 0.3 eV to higher image, which is due to a cleavage defect, the most evident
binding energy in regionB andC. Since extrastoichiometric characteristic of the image is the presence of a top dark re-
oxygen dopes the system with holes, the removing of oxygegion and a bottom bright one. At the bottom of Fig. 4 two
atoms will reduce the hole concentration with a consequeritages(size 60< 60 um?) are shown of the surface portion
shift of the chemical potential. In regid® a second compo- marked by a frame at the top of Fig. 4. They were acquired at
nent at lower binding energy is present in the Bi Spec- two different electron energies in the range of the Bi 5
trum. It is assigned to metallic Bi arising from the partial level, namely from 24.86 to 25.10 eV belokt (left) and
disruption of the BiO surfac¥. The length scale of the ob- 26.06 eV belowE (right). Four regions labeled—D can be
served inhomogeneities was determined by acquiring dalistinguished. The contrast between the four regions is
patchwork of images which is displayed in Fig(sze 300 strongly dependent on the photoelectron energy, which dem-
x300um?). A frame indicates the portion of the surface onstrates its spectroscopical origin. Figure 5 shows the va-
displayed in the images of Fig. 1. It can be seen that regiotence band and the Bidblevel spectra of the four regions.
A surrounds regiorC, whose size is of the order of 0.3 The inset of the valence-band spectrum highlights the differ-
% 0.25 mnf, while regionB is only present at the bottom- ences in shape close to the Fermi edge: in the region from 0
left border betwee andC. A few fault-shaped topographic to 0.4 eV belowEg a clear loss of spectral weight is ob-
defects are clearly recognizable in the top-right part of Fig. 3served in region® andD which is interpreted in terms of a
but they appear not to be correlated with the chemical inholower oxygen concentration. The BdSevel spectra appear
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FIG. 4. Top: photoemission image of the cleaved surface of a Bi 5d
hv =95 eV

Bi,Sr,CaCyOg. 5 single crystal. The size is 460155um?. The
image was acquired detecting photoelectrons from 24.86 to 25.10
eV belowEg. Bottom: photoemission images acquired at the sur-
face portion indicated by a frame in the top image. The size is 60
X 60 um?. The two images were acquired at two different energies
of the Bi 5d level: from 24.86 to 25.10 eV below (left) and
26.06 eV belowE (right), respectively. The four regions labeléd

B, C, andD clearly exhibit different contrast properties in the two
images.
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in the following order of increasing binding energg; D Energy below E (eV)

.(0'06 eV, A (9'07 eV a_nd B.(O'll eV, where the numbers FIG. 5. Photoemission spectra of the valence b@op) and of
in brackets give the shift with respect to the spectrum Me3G. Bi 54 level (bottom of the cleaved surface of a

sur_ed in regionC. Therefore,_ the classification of the four Bi,S,CaCu0s, 5 single crystal. The spectra were recorded from
regions by oxygen content is not perfectly correlated to GegionsA, B, C, andD indicated in Fig. 4.
sequence of increasing binding energy in the Bid$pectra

as expected on the basis of the simple chemical potential ) . .
shift arguments explained above. This indicates that othgpOth in the normal and in the superconducting states since

mechanisms, which are not clear at this stage, can indud@hotoelectrons are collected from macroscopic regions on
spatially dependent shifts of the Bil3evel. We note that in  the sample(size ~0.1-1 mm. We showed that homoge-
our photoemission microscopy study the Bl &vel proved  heous regions exist which extend for several hundregsof
to be a very sensitive indicator of the presence of chemicalisee Fig. 3, implying that not necessarily all ARPES data are
inhomogeneities by exhibiting energy shifts or intensityaffected by inhomogeneities. However, we claim that the
variations and, due to its high count rate, was therefore prefpossible presence of spatial variations should always be con-
erentially used for image acquisition. sidered in the interpretation of area integrated results and is
To conclude, we performed photoemission microscopyperhaps one explanation for the widely known problem of
measurements on cleaved surfaces of gSBCaCyOg. s  inconsistent results obtained on nominally identical samples.
single crystal. The sample had been characterized by stan- The size of the detected features is in some cases higher
dard spatially averaged techniques such as LEED anghan the sample thickness. Therefore, it would be interesting
ARPES and exhibited state-of-the-art quality standdrds.to establish whether these features are confined to the
Spectromicroscopical inspection reveals that the photoemiggieaved surface they are detected on, or whether they are a
sion features change depending on the position on thgyt of a three-dimensional region in the bulk of the
sample, which is pqss!bly du_e to an inhomogeneous d'St”bUBiQSrZCaCL&OM(S single crystal.
tion of the extrastoichiometric oxygen. The amount of extra
stoichiometric oxygen controls the hole doping of the com- The authors are indebted to F. Barbo, G. Sandrin, and D.
pound and hence the superconductivity. Corso for their valuable technical assistance. This work was
This is particularly important for the high energy resolu- supported by the Swedish Research Council and the Royal
tion investigations of the electronic propertiésy ARPES  Swedish Academy of Sciences.
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