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The overlayer covering €110 face of a Nb crystal annealed at 1500—-2000 K in UHV has been studied by
Auger electron and photoemission spectroscopies, low-energy electron diffrddi&D) and scanning tun-
neling microscopy(STM). This layer, which results from the surface segregation of oxygen dissolved in Nb
bulk, corresponds to a thin niobium oxide with a Nh® stoichiometry as shown by photoemission with
synchrotron radiation. Both LEED and STM investigations show the complex structure of the oxide overlayer
with two orientations rotated by 109°. LEED diagrams reveal the epitaxial relationship between lattices of
the oxide overlayer and the metal. From STM observations, each domain in the oxide layer consists of a
quasiperiodic arrangement of strictly parallel sticks. Analysis of all the results shows that each stick charac-
terizes a small NbO crystal with a typical X3.4 nnt size. Therefore, the oxide layer can be described as a
side to side arrangement of these NbO nanocrystads on Nb(110) (bco. Two kinds of epitaxial relationship
between these two lattices are fourt:the relative arrangement of NbO nanocrystals is determined by the
underlying N110) lattice; (ii) each nanocrystal develops an epitaxy relationship with the metal surface since
the NbO lattice presents oiigll) plane parallel to Ni110) and one NbQ110 direction is parallel to one Nb
(111) direction (Kurdjumov-Sachs-type alignmentThe origin of this structure is discussed in terms of
NbO/Nb misfit.
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[. INTRODUCTION x-ray photoemission spectroscog¥PS of a Nb sample
heated in UHV have shown that a thin layer of NbO covers
Many technological applications of metals are determinedhe metal surfac&:'” Such an oxide overlayer was attributed
by the properties of the thin oxide layer, which covers them0 the surface segregation of the oxygen atoms dissolved in
In the particular case of niobium, which is often used as he Nb crystal after annealing. The structure of this oxide

superconducting material, the presence of oxides influenc @é/er mainly studied by(low-energy electron diffraction

the concentration of oxygen atoms in the bulk and then th ED was assigned to a crystallized NbO overla@fec-ll.ke
crysta). In fact, the NbO crystal was proposed to be in par-

superconducting properties of the underlying metal. For higrfial epitaxy on the metal lattice with @11) face parallel to

technology applicatiqns (.)f this metal in nanpelec';romcthe Nb surface and one NbQ10 direction parallel to a Nb
devices (Josephson junctiohsand superconducting high- (111) close packed directioh® Very recently, a scanning tun-

frequency cells_ for a}cce_lerating. partip?eﬁh_e oxide crystal neling microscopy(STM) and RHEED (reflection high-
structure and |t_s epitaxial relationship _Wlth the metal sub—energy electron-diffractionstudy devoted to the oxygen-
strate are then issues of fundame_nta_l interest. For examplgduced surface structure of KO has been reported.

the maximum value of the electric field supported by theThe STM images show a quasiperiodic arrangement of small
internal surface of an accelerating cell is limited by proper-protrusions with some defects. From these images and
ties of the Nb surface but also by those of the oxideRHEED measurements, the authors have proposed a descrip-
overlayer Specifically, the thin conductive layer near the tion of the NbO layer in opposition with the previously re-
surface plays a critical role for these cells because high freported result$:58

guencies are used. As these cells are usually made with thick In this paper, we present a study of the thin niobium oxide
niobium plates, many studies have been devoted to propeoverlayer grown on 8110 surface of a single Nb crystal
ties of niobium and niobium oxides?* In particular, Hall- ~ after annealing in UHV by combining AES, photoemission
britter proposed that a Nb surface exposed to air is coveregpectroscopy with synchrotron radiation, LEED, and STM.
by a sequence of several Nb oxides with different stoichiomIn particular, STM images reveal the quasiperiodic structure
etries: NBOs, NbO, and NbO (Refs. 13-15 It is also  Of linear features in the oxide layer coveri@10 Nb.
known that a three-dimensionBD) NbO oxide presents Analysis of all these data allows us to propose a structural
metallic properties while the 3D oxygen-rich oxides, asModel of this NbQ_, overlayer that develops some prefer-
NbO, and NbOs, are semiconductor and insulating materi—em'al orientations in relation with the surface lattice of the
als, respectively. So a niobium surface covered by an Oxidgnderlymg metal.
layer appears as a very complex system with several inter-

faces. In an attempt to simplify the investigated system, sev-

eral studies have been focused on the NbO/Nb interface. In- The experiments were performed in three separate UHV
vestigations by Auger electron spectroscdgyeS) and/or  chambers, which were fitted with an ion gun and an electron

II. EXPERIMENT
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gun for heating the sample. One chamber with a base pres-
sure of 2x10 11-4x 10 ! mbar is equipped with a STM
(Omicron), a cylindrical mirror analyzer foin situ AES
(Omicron 100, and facilities for transferring samples and
STM tips. The LEED experiment$Omicron were per-
formed in the second chamber with a base pressure of 2
X 10 1*-4x 10 * mbar. Spectroscopy measurements on
Nb 3d core levels were made with synchrotron radiation at
LURF (Orsay, Franceon the line(SA 73 in the third cham-
ber with a base pressure o110 °-3x 10" 1% mbar also
equipped with a LEED system. The overall resolution of the
experimental setugphoton monochromator and electron
analyzey is 200+ 20 meV.

STM tips were electrochemically etched from a W wire T y T y T y T
(diameter=0.25 mm) in a KOH solution (1). In vacuum, 208 206 204 202
these tips are cleaned by ion sputtering and sometimes suffer Binding Energy (eV)
in situ —10 V pulses during scanning particularly to achieve .
high-resolution images. All the STM images were recorded /G- 1. Photoemission spectra of thd Blb core levels from an
at room temperature in the constant current médpogra- annealed Ni110) surface with 260 eV photor{synchrotron radia-

phy mode and were only submitted to subtraction of the tion). PeaksA and C at 202.2-0.1 eV and 205.£0.1 eV corre-
spond to 3>2 and 3°2 levels of Nb atoms in metal. PeaBsand
background plane._ L D at 203.7-0.1 eV and 206.50.1 eV are shifted by 1.4 eV froh
Three samplg$d|sc§ 6 mm in diameter and 2 mm thjck andC, respectively. PeakB andD are associated to Nbd3evels in
which were cut in a single crystal of NiGGoodfellow were o NbQ._, overlayer.
mechanically polished and chemically etched. The surface -
orientation was checked by x-ray back diffraction3° from o ) ] )
(110 plane for two samples antt0.5° for the othej Esti-  atoms within the thin oxide layer to thed3\b photoemis-
mation of the crystal purity by resistivity measurementsSion spectra becomes maximum as shown in Fig. 1. This
gives an overall concentration of impurities 6500 ppm  spectrum presents four well-resolved peaks A, B, C, and D
(mainly oxygen.?* After etching in a mixture of acidéHF:1,  that are assigned to two couples af*% and 31°2 Nb core
HNO;:1, H,PQ,:2), the crystals were rinsed with deionized levels. One couple of peak#\ and Q originates from Nb
water and dried under a flux of pure nitrogen before to beatoms in a metal stafeTaking in account the 1.4-eV energy
mounted on the sample holder. In vacuum, the surfaces weshift towards higher binding energies when compared to the
further cleaned by many cycles of Arsputtering(1 keV) metal peaks, the other couplB and D is attributed to Nb
and annealing at temperature in the 1200-2200 K rangatoms in the oxide layer.
(typical duration 20—-30 min No significant changes in the  |n general, a complex LEED pattern with two orientations
structure and the chemical composition of the surface wergf a superstructure is observed in agreement with previous
detected for a sample annealed at 1200 K or at 2200 K.  stydies’® However, some parts of the surface of the well-
oriented crystal display a single orientation as shown in Figs.
IIl. RESULTS 2(a) and 2b). These figures reveal also the presence of some
_ o large spots for the oxide layer and an absence of spots in
We quickly present the AES and photoemission resultseveral parts of the diagram. We point out that the thin oxide
then report the LEED and STM investigations on the over-gyeriayer exhibits a strongly anisotropic structure since the
layer covering the NE.10. superstructure spots are arranged in str¢glg 2(b)]. From

After sputtering, AES spectra of the surface show mainlyangysis of these LEED patterns taken with electron energy
the presence of Nb peaks with very small ones attributed t?anging from 52 to 200 eV, we deduce that:

carbon and nitrogen. After annealing and cooling down to

300 K, an extra peak appears at 510 eV attributed to oxygen. (i) The oxide lattice shows a slightly distorted sixfold
Taking in account the base pressure in the chamber, the orsymmetry since the vectolsl andb2 have different lengths
gin of this oxygen is attributed to surface segregation of Q(|b1|/|b2|=1.02). The angle values in this pseudohexagonal
atoms diluted in the Nb bulk during the annealing process ircell vary from 58-1 to 62+ 1° [Fig. 2[@)]. Taking into ac-
agreement with previous studies. The measured ratio of @ount these data together with the spots issued from the Nb
and Nb peak heights is equal to &0.02. Such a value crystal, this diagram corresponds to a distorted NbO lattice
agrees well with previous measuremelftd.ccording to this ~ with one (111) plane parallel to the Ni10) surface.

work, the overlayer is identified with a thin NbO film cover-  (ii) One(110 direction of the Nb@111) plane is parallel

ing the Nb metal. The presence of this oxide layer is conto one(111) direction of the N110) surface[Fig. 2(@)].

firmed by the first photoemission spectroscopy measure- (iii) The superstructure of the oxide presents a four-period
ments performed on this system with synchrotron radiationalong one(111) of the Nb lattice[Fig. 2(b)]. Although, the
With 260-eV photons, the mean-free-path length for Nb 3 superstructure lattice is not well defined in many parts of the
is very low (typically 0.5 nm and the contribution of Nb LEED diagram, a typical elementary cell can be defined. The
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Nb[111]

FIG. 3. Typical large scale STM image showing two domains
characterized by one direction of white strig@etted line$ made
of small sticks. The density of these stripes changes along a domain
as shown in the right part of the image. The angle between sticks in
(@) the two domains is equal to 78%2°. (Vb=—1V, It=17 nA 22
% 30 nnt).

corresponding celfC1, C2 in the real spageis determined
by the following relations:

1 2 : é/,. : o C1:4.2A1_3.1A2,

C,=1.4A,+11.8A,,

L Co| / : 1 with A; andA, the vectors of the NI110) lattice. This cell
/ e ; with a parallelogram shap@.5x 1.4 nnf area corresponds

\

¢\ /

: Ny to a pseudocoincidence lattice between the overlayer and the
; = Nb surfaceFig. 2(c)].

Large-scaled STM images on samples with a low density
of steps show that the oxide layer covering thg NIf) face
consists of white stripes roughly parallel along two main
directions, which determines two types of domains within
the overlayer(Fig. 3). The local density of these stripes ex-
hibits fluctuations along the surface. At higher resolution, the
stripes appear as the result of a particular arrangement of
short and prominent sticks. In fact, the oxide overlayer is
formed by a quasiperiodic arrangement of these sticks, which

(b)

N s R R )

LGy
© v

FIG. 2. LEED diagrams of an annealétdlO) Nb surface show-
ing a single orientation of overlayer domairig) The cells of Nb
(110 and Nb oxide are indicated by dashed lines and continuous
lines, respectively. The hexagon of the oxide lattice is slightly dis-
torted E= 75 eV). (b) The superstructure of the oxide layer defined  FIG. 4. Typical STM image showing the quasiperiodic arrange-
by vectorscl andc2 corresponds to a pseudocoincidence cell withment of parallel sticks generating a lamella structisiagle arrows
respect to N110) lattice. The thin lines indicate the streak orien- show sticks and the dotted lines follow the boundaries between the
tation (E=52 eV). (c) Real space cell of the superstructure shownlamellg. The distance between neighboring sticks along a lamella is
in (b). The typical size of this cell is 3:61.4 nnf. Black dots are  quantized since only three values are measukdd:L2, andL3
for Nb atoms. (double arrows (Vb=1V, It=17 nA 13x 20 nn?).
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TABLE |. Ratios of distance&i/L1 measured between neigh- TABLE II. Ratio of distanced.i andDi on the shortest distance
boring sticks along lamella and of distand@§/D1 measured be- between neighboring stickd1. The values demonstrate the exis-
tween neighboring sticks in neighboring lame{lal andD1 the  tence of an epitaxial relationship of the NbO overlayer and the Nb
shortest distances (110 lattice.D1 was measured on the same image thiaor Di in
order to compensate the piezo drift.

L211 L3L1 D2/D1 D3/D1

D2/b1 D3/D1 L1/D1 L2/D1 L3D1
Expt value 1.250.03 1.5-0.03 2+0.1 3+0.1

Expt value 2:0.1 3£0.1 4+x01 5*x0.1 6*0.1

stay remarkably parallglFig. 4). Several measurements re-

veal that the angle between sticks in different domains isalso measured three distinct values for these distaiizes,
equal to 109 2° that corresponds well to the andE09.29 D2, andD3. As D1 is the smallest distance for this lateral
betweer{111) closed packed directions ¢£10) Nb. We also  shift, we report ratios of these distances in Table 1. Remark-
remark that the stick length shows a very small dispersiorably, these ratios present integer values.

since hundreds of measurements give-3+0.3 nm for The high-resolution image shown in Fig. 5 demonstrates
large terraces. As a result, the packing of these parallel stickbat the prominent sticks are formed by a close-packed align-
can be described as a lamellalike arrangenteigt 4). How-  ment of typically 16:1 bumps separated by @:3.05 nm
ever, we have frequently observed defects in both the stickFigs. 4 and % Therefore, the sticks appear as a part of a
packing (stacking faulty and in the sticks. Careful analysis dense direction of the NbO crystals. Finally, many STM im-
of STM images reveals that the stick arrangement exhibitaiges(Figs. 3—5 reveal some poorly ordered area in between
unique properties(i) Along a lamella direction, there exist sticks. In particular, Fig. 4 shows the presence of prominent
only a few values for the distance between neighborindines in between the lamellas, which exhibit some regular
sticks. From hundred measurements on more than 10 diffemeanders. In between straight and prominent sticks, there
ent areas on two samples, we have found three values for thexist S.shaped alignments of dark bumps.

distances between neighboring stidk$, L2, andL3 (Fig.

4). As distance ratios eliminate the influence of piezoelectric

drifts in STM measurements, the different ratios reported in IV. DISCUSSION

Table | clearly demonstrate that the distances between neigh-
From all of these results, we propose a nanometer-scaled

boring sticks are quantized. The histogram.af L 2, andL3 model of the oxide overlayer based on the self-arrangement
distances measured on several images obtained on large ter- Y 9

races(not shown reveals that the most frequent distances areiorf”:;nglér?;oggjvrgt:é('?g) (;Lftﬂz'd;hgsf fﬁgtlrc\)igb?tzgr]r?rgi%se n
L1, thenL2, and a fewL3. (ii) Parallel to the stick direction,

; . . . . ; . . nanocrystals(ii) the packing of these nanocrystals, &iii
neighboring sticks in neighboring lamelia are shifted by d's'a discu)gsion(m2 this IOmodel%‘ocusing on the rc}:)lle of tr?(e ?;ﬂsfit
tances, which are also quantized. As illustrated in Fig. 5, W& etween the two involved lattices

A. A nanometer-scaled model of small niobium oxide crystals

We first consider the oxide stoichiometry. From core-level
shifts on 3D niobium oxidé?2 the expected shift between
3d levels of Nb atoms in metal and in NbO is 8.1 eV.

So, the 1.4 eV shift measured on the oxide overlayer indi-
cates that no stoichiometric NbO compounds cover the nio-
bium surface. Furthermore, peaBsand D related to Nb
atoms in the oxide appears much larger than those obtained
by Strislandet al. with similar experimental conditions on a
clean Nb(110).?° This suggests that the oxide layer presents
several stoichiometries close to NbO. Details about these
NbO compounds will be given elsewhere?® For the oxide
thickness, only estimation can be deduced from this spec-
trum. Taking into account a very short attenuation length for
50-55 eV photoelectror,we estimate that the oxide con-
tains 1 to 2 layers of Nb atoms.

To elucidate the complex structure of this overlayer would

FIG. 5. Lateral shifts between sticks in neighboring lamella areféquire direct information on the relationship between the
also quantized since only three distinct values are measured in sePO layer and the metal lattice. In absence of STM images
eral STM imagesD1, D2, andD3). In a very few case¢5 on  Of the metal surface since the oxide layer covers the entire
about 250 measurementsve have found two aligned sticks. The Nb (110 face, we compare LEED data to STM observations
alignment of bumps forming each stick is clearly observed. in order to get deeper insights on the NbO/NAO) system.
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o ° o : . FIG. 7. Model of packing of self-assembled NbO nanocrystals,
a b ; @ ° © . which are tiling the Nb(110 surface. Depending on the relative

arrangement of nanocrystals on the N0 surface, one repro-
duces the typical distances measured on STM im&lgieand Di).

FIG. 6. (a) Atomic model of a(111) Nb plane of a NbO crystal. ~This model illustrates the epitaxial relationships between the NbO
The cell represents a top view of a template for one NbO nanonanocrystals and NL10) surface. However, this rigid model can-
crystal.(See text for detaily.(b) Cell of the superstructure deduced not account for the poorly ordered boundaries between lamella.
from the arrangement of NbO nanocrystals on the(Nt)) lattice  Gray parallelograms are for NbO nanocrystédg. Parallelogram
shown in Fig. 8. with dashed lines is for a cell of the periodic packing of nanocrys-

tals (B). The black dots are for Nb atoms.

LEED patterns have shown that tlig¢l1) plane of dis-
torted NbO crystals is parallel to tH&10 Nb surface with (110 rows of NbO since the coincidence period observed in
one NbO(110 direction parallel to one NKL11) direction. A LEED diagram is about four, which agrees well with the
qualitative analysis of these patterns also indicates that themallest distance measured in between stitkk) ( The ori-
presence of small crystals together with stacking faults irgin of the stick relief observed in STM images will be dis-

their packing?® cussed elsewhef8.
As the parallel sticks observed in STM images are formed
by a close-packed arrangement of bumps with a 0.3 nm spac- B. Organization of NbO nanocrystal

ing, they can be assigned to segments of close-pa(Kedl

NbO rows since the smallest atomic period al¢ht0) NbO In this framework, the oxide overlayer consists in a side-

is equal to 0.298 nm. Since Nb@10) is parallel to Nb to-side pa_ckin_g of the NbO nanocrystals. We stress that the
self-organization of these nanocrystals depends on the lattice

(112), this identification is consistent with the 109° angle ) g I
measured between sticks in two domains. Let us now cor2 the underlying(110) Nb surface as illustrated in Fig. 7.

sider the different ratios ob2, D3, L1, L2, andL3 on the Thi;l schgg?;codiag;am pr'or\]/ides a typical ei(a:ijpLeoof how
shortest measured distariod (Table Il). Interestingly, these :Olt' el a E I) sutrhace Wit Tanor?etter—skpae tault .Crﬁ'
ratios have only integer values within the accuracy of mea 2'>- 'l particuiar, the examples ot stacking faufts in the

surements. These integer values then demonstrate that t gpocrysta! packi_ng shown in this figurg correspond to trans-
relative positions of sticks are connected to a lattice. As theAuon of neighboring nanocrystals by different vectors of the

angle measured between sticks in two domains is {D9° b (110 lattice. Thereby, for a stick attached to each nano-
stead of 120° for110) on a large NbO(111) lattice], we crystal, this model reproduces the main features observed

deduce that the organization of these segments of A0 with STM such as, for example, the quantization of the Li
directions is determined by the underlying KKLO) surface and Di distances and the lamella structure. Such a substrate-

Considering both the sfick arrangement and the existenc@duced quantization of stacking fault amplitudes in the ad-

of NbO crystals with 4111) plane parallel to the metal sur- sorbate %acking has been reported in several heteroepitaxial
face, we propose that each stick is associated with a smaWStemé' . . .
NbO crystal. Obviously, the length and width of these NbO For some areas of the NbO Nb system in which a quasi-
crystals are related to the stick length and to the distance iR€M0diC arrangement of nanocrystals has grékig. 8), one
between neighboring sticks in a lamella, respectively. Takinda" describe, in this framework, the corresponding cell in
into account the quantization of the distance between stickd€™M$ Of Nb(110 lattice.

a template of a nanocrystal could present the shape shown in C.=4A.—3A

Fig. 6@). Since each NbO crystal presents a surface parallel ! ! 2
111) plane, itisr nable that th r rallel

to (112) plane, it is reasonable that the edges are parallel to C,=1A,;+12A,.

NbO (110 directions making a 60120°) angle. As a resullt,
the longest edges of the nanocrystal are parallel tg144). Such a cell defines a coincidence lattice very close to the one
The nanocrystal width is equal to the distance separating foysresented in Fig. ®). Furthermore, this cell appears similar
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FIG. 9. STM image of one terrace of a stepped NbO/Nb surface.
Continuous black and white lines indicate step edges. Upper and
lower terraces notetd andL are white and black, respectively, in
order to obtain a good contrast in the middle terrace. The long sticks
with 13 bumps(gray arrow$ are mainly present near the step edge.
We point out that sticks are parallel to parts of the step edge.

FIG. 8. STM image of a selected area with a quasiperiodic ar-
rangement of sticksa). Parallelograms indicate an envelope of a
nanocrystal containing a stictb) and an elementary cell of this

near t we infer that the pr n f longer stick
quasiperiodic arrangemefa). ear a step edge, we infer that the presence of longer sticks

observed only in the vicinity of step edges reveals the influ-
ence of the misfit on the nanocrystal size. In consequence,
we deduce that the NbO/Nb misfit limits the extension of

to the one deduced from LEED diagraitidg. 29. In fact, NDO crystals at 2'7__3 nm ann@lQ NDO on Igrge Nb
the cell shown in Fig. @) characterizes an average cell since (110 terraces. We notlceT also that sticks are strictly paraIIeI.
the electron beam probes sevegah? of the surface. The 0 Some step edges, which supports the above-proposed ori-
presence of fluctuations in the nanocrystal sizes observed fntation of the stick on Ni110). On the other hand, we have
STM images is consistent with our LEED diagrams. remarked that LEED patterns of tH@1l) NbO overlayer
Finally, there exist two levels in the epitaxial relationshipssuffer some distortions, which provide another evidence of
of NbO nanocrystals on NH.10). The first one is related to this strain.
the relative arrangement of NbO nanocrystals in the over- In any case, this nanometer-scaled model based on self-
layer and the NK110) surface. The second level of epitaxy assembled nanocrystals with numerous packing defects pro-
concerns the orientation of the lattice of each nanocrystal oMides a good description of the main results obtained on
Nb (110. A NbO (111) face parallel to N110 together ~NbO/Nb(110). Such a model appears very different from the
with one (110 direction of each NbO crystal parallel to Nb one proposed by Pantel, Bujor, and Bard8lle. particular,
(112) corresponds to a Kurdjumov-Sach$S) epitaxial re-  the disordered interlamella boundaries and the presence of
lationship. This is consistent with theoretical models pro-both nanosized NbO crystals and stacking faults in between
posed for a thin layer with #111) fcc lattice on top of a these crystals was completely ignored. Furthermore, the pe-
(110 bce crystal with a misfit @ee— dped/dpe=0.042°  riodicity in their LEED diagrams does not correspond to the
Such a value does correspond to the misfit value of NbGell we observed. Very recently, a STM study of the recon-
(112)/Nb (110 along their common directioiNbO (110 struction of a Ni(110) surface induced by the segregation of
0.2977 nm and NK111) 0.2858 nm. oxygen has been reportéliwWhile these images show some
similarities with our STM observations, we never observe
triangular-shaped features in our images. A different epitaxial
relationship between the oxide layer and NMJ0 than the
Although the NbO/Nb misfit is small+4%), some evi- one presented above have been proposed sinceli:
dences of distortions in the lattice of the thin NbO nanocrysNbO is turned off by 5° from thé111) close-packed direc-
tals can be found in both STM images and LEED patternstion of Nb (110). A possible origin of these different arrange-
For example, we remark that the stick length presents aents could be related to differences in the stoichiometry
larger dispersion in many STM images of stepped surfaceand/or thickness of the oxide overlayer induced by differ-
than on those obtained on large terraces. Analysis of sticknces in the bulk oxygen concentration and/or in cooling
lengths reveals that the sticks located near a step edge asgeed, which determines the amount of segregated oxygen at
parallel to the edge are generally longer than those located ithe sample surface. For instance for Pd overlayers on chro-
the middle of large terraces as illustrated in Fig. 9. As relax-mium surfaces, either a KS or Nishiyama-Wasser epitaxial
ation of the strain induced by NbO/Nb misfit could be easierelationship was found depending on the Pd thickrigss.

C. Discussion of the model
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However, we notice that sticks in their STM images of arrangement of NbO nanocrystals, which is governed by the
NbO/Nb system are parallel to step edges in agreement witbnderlying Nb(110) lattice. For each NbO crystal, th&11)
our observations and with data reported by Flgtral’2 On  plane is parallel to the NBL10) surface and oné&l10) direc-
the other hand, Robadt al. have concluded that the epitax- tion is parallel to one N§111). The orientation of the two
ial relationship between a thin TaO crystal and a(Ta0) lattices corresponds to a Kurdjumov-Sachs epitaxial relation-
surface corresponds to a Kurdjumov-Sachs orientdfion. ship. Such a tiling of the Nb(110 surface by a self-
Monoxide NbO and TaO crystals develop then the same emssembled arrangement of rigid NpQ nanocrystals is then
itaxial relationship with §110) surface of the corresponding the first structural model of a NbO/NK.10) crystal prepared
metal, which belong to the same column of periodic table. Ain UHV. However, this self-organization presents a high den-
similar model based on SnO nanocrystals tiling a(Ftl) sity of defects. Several evidences of distortions in the lattice
surface has been proposed for describing the complex struef NbO,; nanocrystals induced by the misfit with the un-
ture of this systeni® Finally, the structure on a NK100) derlying Nb (110 surface are also found. In particular, the
surface annealed at 1300 K in UHV studied by STM is ex-length of NbO nanocrystals appears to be related to the misfit
plained by the formation of big nanocrystfis(30 nm  along Nb(111). By construction, the proposed rigid model
length. cannot account for these distortions and for the disordered
parts in between lamella observed in STM images. Finally,
V. CONCLUSION studies devoted to the influence of stoichiometry variations
in the oxide overlayer on its structure would provide deeper

In this paper, we have studied, by combining AES, pho+nsignts on this important interface for some high technology
toemission spectroscopy, LEED, and STM methods, the OXapplications.

ide overlayer covering a NAL10) surface after annealing in
UHV. The oxide layer that results from the surface segrega-
tion of the oxygen dissolved in the Nb bulk presents a sto-
ichiometry close to NbO as shown by photoemission spec-
troscopy with synchrotron radiation at LURE. The complex We would like to thank C. Guillot, C. Antoine, B. De-
structure of this oxide overlayer can be described as a qudaemez, and N. Barrett for their help in photoemission mea-
siperiodic self-organization of lamella separated by narrowsurements at LURE and C. Lubin, F. Merlet, P. Lavie, F.
meandering stripes. Each lamella results from a side-to-sid€hoyer, and A. Vittiglio for technical support.
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