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Abstract (and described more in detail at §2), and FNP is the usual
i BCP (with hydroFluoric, Nitric and orthoPhosphoric

Surface states generated by chemical or electrochemicgliys " |ndeed, looking for alternative chemistry appears

treatments seem to be the latter source of limitation fq pe g way to experiment different surface state on

superconducting  cavities. How does it affeclayities, but for practical reasons, it is impossible to test
superconducting RF properties of the material, is thi§| of them on cavities.

effect due to the.rlnorpf))hology of the surface or its locatha¢ s why we also are conducting a complete surface
chemical composition ? As an attempt to answer to thegg,qy on sample in order to determine which parameters
questions, Nb samples were submitted to various surfaggs modified by the different treatments, and which ones
treatment, and studied systematically with various surfacge the most preponderant.

techniques either from the morphological point of VieWrnree main factors can be explored at first sight :

(x-rays reflection, profilometry, tunnel microscopy) as ., |nfluence of surface morphology (roughness at
from the chemical composition of the very surface point high and low scale).

of view (TOF-SIMS, ESCA). In parallel, some attempts , g face chemical composition.
to develop new chemical etching are shortly described. ,  \p |attice strain induced by superficial oxide layer.
This last point somehow ensues from the previous
1 SURFACE STATE AND CAVITIES one as chemical composition of the surface can
PERFORMANCES influence the structure of the oxide layer. We will
see in the discussion of § 5 that this hypothesis is

General results on cavities performances have been .
fairly probable.

detailed elsewhere in this workshop proceedings [1].

16411 2 SURFACE CHEMICAL TREATMENTS
:Zopi-‘f wﬁf e, e Literature points out many possible “recipes” for etching
d BRI niobium, see for example [2] or [3]. In all these mixture
s % . we can find the same basics :
1E+10 == . A niobium complexant, i.e. a chemical species
% that reacts with ions Nband forms a compound
&t soluble into water.
s « An oxidant, which reacts with metallic niobium
1E+09 Nb’ and turns it into the oxidized form Nb which
0 10 20 30 40 . . . .
Eer (Y /m) in |ts_, _turn will be solublllz_ed. _ _
« Additional compounds like buffer or brightening
Y EP ° FNS " ENP agents.

; ; — — _ Note that in the case of electropolishing, there is no need
Figure 1 : Typical cavities results for Electropolishing ot 4 oxidant as a high potential (=oxidant) is already

(EP), Chemical polishing with hydroFluoric.itNc and  jhq5e to niobium by the mean of the electrodes and the
Sulfuric acids (FNS), and Chemical polishing W'thsolution.

hydroEluoric, Niric and orthofhosphoric acids (FNP). The drawback of usual BCP, is that it etches rather than

V\f/ehhavle summanzr(]ed 't. ml figure 1, where “FNdS" lssonl olishes niobium surfaces. After heavy etching, it tends
of the alternative chemical treatment proposed at Sacly,ey 1o etch preferentially at grain boundaries, leaving
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some crevices which are difficult to rinse correctly anedxplore if there are important differences between the
which enhance the surface roughness. Moreover, orthiifferent treatments. Moreover it also plays a role in the
phosphoric acid is known to incorporate into the oxidease of Kapitza resistance where the mechanism of heat
layer in the form of POx (x~2) ions [4], and is regularlyransfer is partly due to phonons with ~100 nm
found at the metal-oxide interface by chemical analysigavelength [7].

[5] Arithmetic (Ra) or quadratic (Rq as,,) roughness can
Even before testing it on cavities, developing alternativaasily be measured by profilometry, but one has to keep
chemical polishing among all the possibilities wa mind that this parameter does not characterize well a
somehow difficult : what should we privilege ?surface : first, different types of morphology can give the
Roughness, brilliance, etching speed, or safety ? same mean roughness as for example on figure 2 ,
One of us (A.A.) has made a systematic chemical studysgfcondly profilometry is generally not able to measure
FNS (hydroFluoric, Nitric and Sulfuric acids in variousaccurately small scale roughness. One can note that
proportions) while various other mixture where tested durilliance is somehow an indirect indication of this small
sample and/or cavities (see [1] and [6(to be publishedgale roughness, because it is linked to visible light
for more details. scattering, but it is rather difficult to measure.

Other baths were also developed for in order to change
the chemical environment where the oxide layer starts i
grow. Indeed as anions presents in the polishing bath 3 /WW\—;"" /\/\/\/\/\/\
likely to incorporate in the oxide layer, and thus td S\_A_ANANAL —ta
modify its crystalline structure, change in the chemicg T

media could give indication on its effect on the cavities w—i—fﬂa /JJM/VW

behavior. For instance, g, is known to be oxidant and a FAN AN AN NN e

1272

niobium complexant. We have tried to develop chemica

€ Hom, 15um, 9m
bath where it replaces HNO AN :}Ra l,
Various mixtures of HF (5-15 mol’l) and HO, ( 2.5-5 “/ MWWW%N
mol.L™") were applied on Nb test samples ; but in general,
the surface was always degraded : severe grafigure 2 :from Ref [8] : two schemes showing 1) how Ra
boundaries etchings (Nb grains taken off), stronig insufficiant to well characterize roughness, 2) how
roughness (mean peak-to-valleys > 50 pm) observed @fferent scale roughness can be superimposed.
visual and microscope inspections.
HF and HNQ 1-9 in proportion was also tested (FN 1-9Reflectivity of X rays can also in principle characterizes
etching rate ~1.2 pM/min) : it leads to mid roughoughness at the 10-100 nm scale, but practically it was
surfaces, without apparent grain boundary etching, baet possible to get sufficiently plane niobium samples,
did not produce any change when it was applied toexen after a mechanical polishing (soft metals like Nb are

2 M0pm

b: 70 pm, 15um

cavity (quench field ~21MV/m). always difficult to prepare). Therefore this technique was
Some other media are now under study and will bt pursued.
detailed in [6] In theory, Scanning Tunneling Microscopy (STM) can

reach atomic resolution and appears to be an idealistic
tool; but because of the limitation in “z” dynamic
3 MORPHOLOGY available results are also tributary from the initial flatness
of the samples, and we where again limited on niobium
surfaces.
3.1 Available experimental techniques and A comparative s_tud_y of three different surface treatments
les preparation. was done on nloblumRRR~135_monocrystals.. All thg
samp sample were mechanically polished (mirror like), prior
It is important to well characterize the surfacéhe chemical treatments. In this way it was hoped to
morphology at different scale : at the micron scalégduce roughness due to grain boundaries etching or
roughness is not expected to play any role imachining that appear on polycrystals, so to be able to
superconductivity, but might play a role by perturbing thexplore low scale roughness in the same time as higher
electromagnetic field repartiton or by enhancindevel roughness..
effective surface. At lower scale (~10-100 nm) surfacddie surface treatments were the following :
are more difficult to observe ; but it is worthwhile to
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. Electropolishing (EP) : we have use the procesd the niobium surfaces, and is not due to measure
developed at Karlsruhe and now used at KEKyncertainty.
namely in a HF-EBO, 15%-85% in volume, with One can clearly observe difference between the surface
8-10 Volts applied on the sample (as an anode). 4@orphology of the samples. FNS presents the highest Ra,

50pum are removed. because the “peak to valley” distances are fairly high ; but

. Chemical polishing FNP : standard BCP witlthe peak frequency is the lowest compared to the two
HF, HNO, and HPQO, 1-1-2 in volume. ~100um other treatments, and its faces seems to be very sharp (no
removed. apparent sub-roughness at this observation scale). This is

. Chemical polishing FNS : CP with HF, HNO consistent with the visual aspect of the polycrystalline
H,SO1-1-1 in volume. ~100pum removed. samples, where the FNS treated surfaces appear very

] shiny but with grains structure very apparent, as if the

3.2 Profilometry grains were not all etched at the same speed. (see

Profilometry is a mechanical measurement : a diamofdiotographs in 8 2.6). FNP exhibit higher peak

tip with a final radius of ~50 nm skims over the samplf€duency, which are about 100 pm wide, with a marked
surface and corresponding vertical displacements argestructure. FNP etches not only preferentially at the
registered.. It is important to note that explored leng@@in boundaries (this was observed on photographs on
play an important role on the results (because of th@\ycrystalline ~samples), but it also reveals grain

superimposition of different roughness scale). Indeed, tREPstructure, i.e. local defects, dislocations emergence,
smallest the explored length, the more we are sensitiveSis: Nevertheless the peak to valley distance is less than in

small scale roughness. Roughness is usually not B

absolute value and the measuring scale should I&ethe case of EP, roughness is reduced a lot (by a factor
mentioned for each comparison 6-10), but presents a very fine substructure , that can also

Figure 3 give examples of the registered profilometry Q€ Visually observed.

two different scales. A minimum of 10 measures werg o Scanning Tunneling Microscope
taken at random on each sample and the mean roughness

was calculated. Several images were taken at random, at three different
FENS 1mm FENS 500um scale. Only a very small portion of the surface could be
1 I A observed for practical reason (acquisition time), but we
71\ — 7377m - SN 15u have tried to show the most characteristic surface aspects.
Y - \\ < The images were then statistically treated in order to get
Vi \ Mt /) the heights distribution.
FNFSiI:nm T T T T FNPSOOpm ‘ FNS 1/1/1 FNP 1/1/2 Electrmolissane ‘
el == -
. 13
] 1’\ N - Y g
7 \\ ot 5 HML U Ve r”\ W, ¥k
24 I N Y L L s .1
A L] s um e :
S E B S S S ——
EP1mm EP500pm
I 1 ] e -
Rkl P " TE T g
i TR =
A 0.6 um H | O
| , —+0.15 um' E i
1mm 500 pm L

Figure 4 : Scannig Tunneling Microscope Images taken

Figure 3 : profilometry at two different observing scaley;'ihee gifferent observation scales, on Nb monocrystals
on Nb monocrystasl. Results in term of Ra is showed Q.4 with resp. FNS, FNP, and EP.

figure S. The average value could be compared to Ra and the mid

The obtained results are summarized in figure S alopgont width was assimilated to the dispersion. Of course

with the results of the other techniques. Note that the o statistical treatment is foreseen in order to better
scattering in the measures results from the non uniformity
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characterize the surface, and they will be published ENS

elsewhere [9].

At higher observation scale (9 um sided) the differently

treated samples present marked difference in aspect. In all

samples whatever the treatment, dark spots of different AN Roughness

size were frequently encountered, which were attributed

to etching pit. The differences appear to be less marked W FNP -~ Jum

when one observe the samples at lower scale (1.5 um and

0.1 um sided). At this last scale, the roughness is still so Micro-roughness -~ 100 um

high compared to the tunneling microscope dynamic, that

it was impossible to reach the atomic resolution. EP

Moreover, as we get on the picture only a small portion of

the surface, and thus a small portion of, lets's say Fdgure 8 : schematic summary of the roughness
“valley” or a “peak”, the roughness measurements aremeasurements.

obviously “out of range”. To get accurate results at such a

low scale, we should have imaged a much wider areg, . e - .

with higher dynamic to accommodate the local slope, al‘%5 Microscopy ,effect of purification annealing

with an automated acquisition facility for example. on the morphology

Optical microscopy is a first approach to evaluate surface
morphology. But one can notice very important

differences between monocrystals and polycrystals, and
among polycrystals, between normal samples and

3.4 Comparison of Ra at different scale

A 0,8

1.6 annealed ones, which underwent heavy recrystalization.
1.4 Monocrystal Polycrystal Polycrystal + purification
S i [ ) e ]
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. = : ] \ i ,
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001 0,1 1 10 100 1000 10000 Figure 7 : comparaison of the visual aspect of different

Figure 5 :Comparaison of measured Ra at diﬁeren(frystqlhne state niobium samples submitted to various
hemical treatments

observing scale for on Nb monocrystals treated with resﬁI o . .

ENS ENP. and EP ote that recrystalhsatlo.n does not only modify the visual

As pointed out before, the roughness measurements %P egt of the samples, |t_also change the roughness A.ND

strongly affected by the observation scale : at lower scal ,e mmrorgghness (se:a (];Igl,!:e. 10)'bA.S mo.:,:] Otf the car\]/ |t|elj

we are less sensitive to regular micron-sized defects. are nowadays annealed, 1t IS obvious that we shou
ggmplete the experiments described at 83.2 and 3.3.

fé mplementary work on annealed polycrystallinesamples

treatment that we have tested have a strong effect at h
ionow underway.

scale, but at lower scale the surfaces states are very al
We can model the three surface state like on the scheme
fig 8.
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We have been trying , in a first step, discover whatever
differences there was in surface chemical composition
between FNP, FNS and EP, and also the influence of air

SIS ) exposure.
! : ESCA : samples are submitted to a monoenergetic X-
1mm rays beam. Electrons from the core orbitals of the atoms

are ejected by photoelectric effect and their kinetic energy
Figure 8 : effect of recrystallisation on roughness (FNRs correlated to their initial binding energy, which is
treated samples, same Nb sheet, polycrystalline, after aRflaracteristic of one orbital of an element. Moreover, if
before annealing). this element is linked to a more or less electronegative
Anyhow, purification annealing does improve the quencBpecie, its binding energy will be slightly displaced,
field and Q of cavities but with no appreciable change ingllowing to know the chemical environment of the
the Q slope (the Q curve is only “translated” somewhat)gonsidered atom. In our case, it is very easy to distinguish
moreover this Q slope was also observed on cavities thatallic niobium (NP from its oxide(s), we can also get
exhibited  visually very different surface statesome information about the presence of an hydroxide and
(hydroformed or spinned or grinded cavities...). Thigheir relative thickness. Indeed the photoelectrons don't
tends do demonstrate that the roughness does not play®el much across the material, and this technique

first order role. explores only 30 to 80 nm on the surface, depending on
the mean free path of the electrons inside the material an
4 SURFACE CHEMICAL ANALYSIS d the detection angle. Unfortunately it is not a very

sensitive method and one cannot analyze traces (~< 0.1

%). Meanwhile, by varying the detection angle it is
4.1 Available experimental techniques and possible to determine approximately the oxide layer
samples preparation. thickness [10] with a relative error.

It is quite difficult to find surface analysis techniques4.1 SIMS and TOF-SIMS results

sensitive enough to explore the very surface of niobiurl;}é first seri f imehsh d us that high
without being perturbed or screened by the surfa Irst Series ot experimensnowed us that high pressure

contamination and the oxide layer. Three techniques wef&1sINg and air exposure could modify the surface ; and

retained : SIMS, Time-Of-Flight SIMS and ESCA ; theythere was clear indications that different surface
) ' ' gatments could induce change in the oxide thickness.

are shortly described hereafter. More precise explanatioﬂ . .
igure 9 gives an example of such a spectra, showing the

can be found in any textbook in surface science. infl f High P RinSi th f
SIMS and TOF-SIMS are profiling methods. A primar))n uence ot Mg ressure Kinsing on ‘the surface
mposition of a Nb sample (same Nb sheet, same

ion beam etches the samples, with a controlled etchirf ical treat i
rate, but in the case of TOF-SIMS, during analysis stati emical trea men.). . L
luor was found in any case, but its concentration is

conditions (very low beam intensity) are applied. In thi . .

way only g)NI%/ monolayer is angl)yzed zfl)tpthe time greatly reduced after HPR. Other contaminants I!ke

moreover molecular ions can be detected thanks to t é/drog?n.olr carbon V\lleredalsct)) foun% but r_norel de5ep nto

time of flight way of detection. For instance, P alone i%e malerial, as was aiready observe pre\(logsy[ J

not detected by SIMS, while PGs detected by TOF- nfortunately most of the samples from this first set were
' 2 oot HP rinsed, and were allowed to stay in the air for 2-3

IMS i ts. Th d depth luti . )
SIMS in some amounts © VEry gooc depin resolut ay before the experiment. That is why we have try to

allows to observe the metal-oxide interface. As it is a ver ful d set of : i
sensitive method (in certain conditions ppm and even p epare more careiully a second set ot experiments.

can be reached ), one can observe also the impurities at
the interface or incorporated inside the oxide layer.

These analysis were conducted on samples prepared in a
way as close as possible as for cavities : samples were
RRR 200 niobium which underwent a further purification
annealing, then surface treatment (EP 40-50 um, or 100
pm FNS or FNP according to the case), then HPR, and
then analyses after a determined period in the air.

' SIMS, performed at Evans Europa-Brunell University-

Uxbridge-Middlesex UB8 3PH-U.K.
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given indication of the contrary. This means that the
oxide formed on electropolished sample is extremely
108} Dashed : FHP without HPR sensitive to air and grows to its equilibrium thickness in a

: different way from the oxide formed in FNP baths. This

108

e Conti - FHP with HPR . . .
sl s EE— difference of growing rate can be correlated either a
1" i ||' different crystallographic structure, and/or a difference of
sl [ local composition of the oxide.
103
g 700
Fi . 00 Pox/Nb ——
1gdf | . —
104 B . “‘vﬁﬂ F; 500
P ep i
!03: “l.’f N 300 1

200 o

103§

100 !

102

0 =
0 5 10 15 20 25 30 35
Depth (AU.)

Figure 11 : TOF-SIMS profiling Nb samples treated with
various treatment, showing the variation of the
POx/niobium signal.

Figure 9 : SIMS profiling of FNP treated Nb samplesindeed the microcrystalline-amorphous structure of Nb
with or without high pressure rinsing. Depth scalgentoxide is very particular and can accommodate a wide
deduced from ESCA results. range of defective stoechiometry around the formula
For the second set of sanfpleve put apart one Nb,O,, by the mean of more or less regular defects
electroplolished sample in dry ultrapure Ar, less than omistribution (see ref [11] and it very nice transmission
hour after the HPR. It was introduced in the experimentalicrographies ! ). Incorporation of foreign atoms at these
setup the day after, being exposed to the air less thaudlédects is very easy and can give rise to stabilization of

10l

min. Results are partially showed on figure 10. certain kinds of defects “substructures” that could be at

the origin of the observed effects.
Moreover, we could confirm the incorporation of several
1500 ——y solution anions inside the material (for instance POXx in
1400 —he the case of FNP, S in the case of electropolishing) as can
1200 be see for instance on figure 11.

£ oo This is a strong indication that the structure of the surface

oxide plays a major role in the high field cavities
behavior.
4.2 ESCA results

e~ As ESCA can give us some information about the
Depth (0.3 vm) chemical neighborhood of a considered element, it was
Figure 10 : TOF-SIMS profiling Nb samples treated withvorthwhile to attempt to determine chemical differences
various treatment, showing the variation of thdéetween EP and the classical FNP.
oxygen/niobium signal. Influence of high pressure rinsing and stay in the air on a
It was a huge surprise to notice that even after higiassical FNP treated sampléds can be observed on
pressure rinsing, the oxide layer on electropolishdure 11, even after a thorough normal rinsing, the oxide
sample was extremely thin, even though former resulayer has not reach its maximum thickness. HPR allows

(measured on air exposed samples, not shown here) had

, . . ® Analysis performed at theaboratoire de chimie des surfaces et
Analysis performed at “Biophy Research”, 6 Rue A. GACONnterfaces, CEA, DSM/DRECAM/Service de Recherche sur les
F-13016 Marseille. Surfaces et I'lrradiation de la Matiére. F-941 Gif-sur-Yvette cedex.
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the oxide layer to grow somewhat further. These results
confirm what has been observed with SIMS techniques.

aoool- T '
oo 1 NbY
Nb’ N Fooof- <>
8000|- <« <> 1
I! (SRR
Fooof- . || -
FNP withouHPR 5
N N SO0
FNP+HPR+1h -
& & oo
o
O
R EE] :
;’\
:L? [
oot fFi [
i
;’ ‘q';'.‘t.ll i
O e
(] . .
245 =240
Binding Enengy 2y
Bindina Eneray (e} Figure 13 : Influence of air exposure on EP treated

samples for the Nb signal.
Hydroxides could be observed on all the samples
especially at grazing angles. When they are shortly
exposed to air EP samples seems to present a little less
Hydroxide than the FNP ones, but the differences vanish
ﬁfter several hours. Moreover, at grazing angle, on the
3pectrum for oxygen, one can observe that the part of the
Qxygen signal which is in the form of hydroxide increases
ter a long stay in the air, whatever the former treatment

Figure 12 :Influence of high pressure rinsing and stay in
the air on a classical FNP treated sample

But this result is slightly in contradiction with Halbritter
[10, 12, 14], which states that the oxide layer shoul
reach its maximum thickness after less than 5 min i
contact with water. But we must notice that we use
much more pure niobium, that has underwent a

important annealing, and that the oxide seems to gro . A .
b 9 9 igure 14). Note that with detection angle perpendicular

slower in this case. 10 th ¢ the hvdroxid t of th ianal i
On the contrary further exposure to the air after HPR, ang ('€ surtace, e hydroxide part otthe oxygen sigha’ 15
ly a few percent ; this confirms that the hydroxide

~ 4 hours exposure does not appear to bring mu? f th " | t of th ide | It i
changes : after FNP treatment the oxide layer reaches | ers r(])r;n on the extr(]ar?atlh_parr] g .3 oxide ayetrr.] IS
equilibrium thickness within some hours. somewnhat surprsing that this nydroxide grows rather in

Influence of air exposure on EP treated samplse can ar:r than in squeouslr‘r;egla d_tjhrlng rmfr']ng ; bl;]t once aga(ljn
observe that the Nb° signal on EP samples is still ve IS can be correlated with growth mechanism an

intense after only one our in the air, although they wer |Ir|1et|cs. | hibit carb tamination. Th . N
HP rinsed, i. e. that the oxide layer is very thin. | sampies exnibit carbon contamination. The main par

increases after air exposure , rapidly during the first ng the signal is C analogous to graphite and is generally

hours, then slower. But even after 45 h in the air, th%ttnbuted to hydrocarbon pollution on the surface. A

oxide layer is still thinner compared to FNP treate rr?_all palrlt ?f the .Slgnﬁl can be ﬁtt”blfted Ctt“%k?ddtoto'
samples (cf. figure 13). These results confirm the IS f.p(.) IumntSIg.nat. IS ESLtja.y aiso attn E:e ot
observations made by TOF-SIMS and are to be compar%ﬂper iclal_contamination, but In-our case 1 1S no

with results obtained at KEK on air exposed cavities [13]. étected on grazing angle spectra while it is with normal

After ~ one week in the air, the two samples are Vernude_ncte, W|hlg}!> does Imean that‘t ths contamlnatlontlst
alike from the ESCA point of view. One can summar ore interna. samples seem 1o have a more Importan

them by saying that the oxide grown after FNP is thickeilnner carbon contamination than the other samples. Note

and more stable than the one grown after EP : while Wat oxygen and carbon contamination at the metal-oxide
takes only a few hours for the oxide layer to be Complefgterface was already observed with other surface analysis

on FNP treated samples, it takes several days for the ﬁghnlques [5]-
treated ones. This means obviously that they are different
in nature.
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a larger one that can be attributed to intermediate

Ox'ygeh, ! ‘ oxidation value, for instance a mixture of Nb
=0o- Grazing angle _ compounds[15].
fi  EP1h : . , :
eor O-M | \ . 4500} i

= O-H \/ EP21h - oo

m ||I1| II fTn n]
% S0 - .Ilf i
j,' ’ EP 45h A000
SO0 \,lrf | -
;-A';:jy A(l’/ FNP 4h Wzgmn
e 1
oo oo ol A0 . O
W gl © P A R T
Wﬂ"‘j\.ﬂ r,"' } !'| B L e S f=n n n
a0 Lafafring Ay g o L 1
| S \Miegenrs
L R T Vi 4500
v et
100 1 1 1 1 | 1 |
S40 534 S5 S3d4 SRz S30 528 SoS 000

Binding Energy =V}

Figure 14 : Transformation of the oxide signal with air
exposure, apparition of the hydroxide signal, at grazin bt L ! I

angle (20°). = 2o 05 Ees
Table 1 shows the estimated thickness of niobium oxid., Binding Energy V) , _
calculated like in reference [10]. Calculation were donE!9Ure 15 :Transformation of the niobium signal with

with two different angle of detection, and uncertainty i92King : the NKO, signal decreases and gets wider will
deduced from the difference of results at the two angldg® NB signal increases slightly : the oxide layer has
Note that as the thickness grows the uncertainty alSisassociated partly into suboxides and has got thinned.
grows , which can be correlated with inhomogeneous
thickness of the oxide layer [10, 12, 14]. Nb,Os '

Table 1 : Calculated oxide thickness
Surf. Treatment/ AiNb,O, thickness

exposure nm

FNP 4h 5+ 2

EP 1h 2,5+ 0,1
EP 21h 3,9+ 0,8
EP 45h 4.6+ 0,8
EP 220 h 50+ 1,5
FNP + 48h 110°C, 10

bar
Nb V 40+ 1
Nb IV (?) 2.84 + 0.08

FNP + 170 h in air 5G4 15

Suboxides

Effect of baking Baking does affect the oxide layer, as
can be seen on figure 15. It is quite surprising that the

oxide dissociates at so a low temperature, but surfatigure 16 :Deconvolution of the niobium signal for the
phenomena are often different than the bulk equivaleni@ked sample. The large signal of suboxides can probably
Deconvolution of the spectra of the baked sample (figuRe attributed to a mixture of Nizoupounds.

16) gives three distinct group of peaks. The doublet

attributed to NKO,, the one attributed to metallic Nb and
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Note that some authors also propose a feeble signal thafg “Service de la corrosion, d’électrochimie, et de chimie
attributed to NbO at the bottom of the Ndignal. NbO  des fluide” for their help in interpreting the results and

signal is waited at binding energy 1.4 eV lower than thgsuable discussions.

metal signal as was observed on bulk NbO samples [15,
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