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g lRtroduction
aevantages of ultra-high vacuum (UHV) arc technology

2. erimental facilities
EUEVare devices with a planar (truncated cone) cathode
: e UH\ arc facilities with a linear (cylindrical) cathode
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S —_'- = Formatlon and study of properties of thin Nb-films
- deposited by means of UHV arc discharges

4. -Summary
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InrR& D pregrams concerning the construction of large linear
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2l g;' 2lato)s, special efforts were devoted to the deposition of thin
UsErFconducting layers upon internal surfaces of RE cavities.

_I-' Sraelgesion off magnetron-deposited layers to accelerator cavities
APpeared to be not very strong.
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Due to higher energies of ions the UHV arc technology makes
possible to produce denser films, to reduce surface defects
(such as voids and columnar growth) and to improve adhesion.




"E-II:.._

devices with a ”planar” cathode contain a'truncated c

Scheme of the UHV system with
a truncated-cone cathode.

Several samples of sapphire
and Cu-substrates can be
mounted upon a holder
consisting of a Cu-flange
and kept at a constant
temperature.

The holder is electrically
insulated from walls of the
vacuum chamber, and a
bias of 20-100 V (both in

DC and kHz pulse regime)
can be applied to the coated
substrates.
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The main drawback of such
vacuum arc discharges is the
production of micro-droplets,
which can be embedded in a

film and increase its roughness.

To eliminate the micro-droplets
from vacuum-arc plasmas, one
can apply appropriate filters.
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Magnetic filter (on the left) and ion energy analyzer (on the right), as installed
upon the second planar-arc facility in Tor Vergata University in 2005.




A new filtered planar-arc system operated
at the Dept. of Plasma Physics & Technology.

exdetalledidesechplion
o the UENV arc facilities and
their operational
characteristics can be found
IN OUr previous papers.

J. Langner, M.J. Sadowski, et al.,
Czech. J. Phys. 54 (2004) C914.

R. Russo, L. Catani, et al.,
Supercond. Sci. Tech. 18 (2005) L41.
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Scheme of the UHV system with a linear (cylindrical) arc and the first
linear-arc facility constructed at IPJ in Swierk, Poland, in 2005.
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Jihe lewest poessible arc current
Ior the stable eperation: in the
- —INY R IIedEN S al e 6OMAN G NI9
f| e and only 23 A for Pb. The cooling
system of the anode has the
upper limit equal to about 140 A.

The residual pressure is usually set
within the 10-1° hPa range. It rises to
about 10" hPa when the discharge
starts and it remains almost stable
during the deposition process.

The pressure rise is caused mainly
by hydrogen, which partial pressure
is more than 3 orders of magnitude
higher than other contaminants.

R. Russo, et al., Supercond. Sci. Techn. 18 (2005) L41.




‘Modified U

The inner surface of the upper half-
cell with sample holders.

e depositionraterachievable
with'the'system operated with
arc currents of 80-100 A was
equal to about 1 nm/s.

Most samples have been
deposited at temperatures close
to the room temperature, and
only a few samples have been
investigated at higher
temperatures (100-200 °C).

Studies of samples coated within the
modified facility will be presented in
the next talk by R. Russo.




sheENIHN arc-deposited Nb-layers have
PEEmCharacterized by.measuring their:
critical tarnog gt ST el el f e
JEfnerias the ratio of the resistivity at
SNGUIINEMpPErature to that'at 10 K.
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These par:
impurities,
OXYC _ ca

—

= RRRWalues of our 1.5-um Nb-films,

—deposited upon sapphire substrates at
a room:temperature under UHV
conditions, ranged from 20 up to 50.

o

Voltage [mV]

4]

Temperature [k]

Narrow transition width (<0.02 K)
indicate that the deposited Nb-films
were uniform and clean. T, values
showed that stresses were low.




_ Niokium film transiben.
= about (WULK below the bulk valos
> \
g 'l
i ,Niobium bulk wransition
2 ' ) " dug lo macroparticles
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The critical temperature (T,), transition width (AT,) and surface current density
(J.) of our best film samples have shown values close to those of te bulk Nb,
i.e. T, =(9.26 £ 0.03) K, AT, = 0.02 K and J_ = 3x107 A/lcm?2,
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Insulator
Cathode support

Schematic drawing of an UHV arc

facility with a planar cathode
and a knee-type filter.




Distributions of magnetic filed lines within the filter channel depend strongly
on the configuration of coils and values of magnetizing currents.




2500 K X

-SEMpictures of the surface of a niobium film, which show that the deposited layer
was hemoegenous and dense. One can see the longitudinal shape of surface grains.
The roughness of the Nb-layer was of the order of a few tenth of a nanometer.




Large Nb-coated Cu sample prepared
for RE measurements at Cornell .

Results of a comparison; of the
filtered™Nbrcoated ™ sampless with
bulk Nb ones were presented at
SRF2005 Workshop.

see A. Romanenko and H. Padamsee,
Proc. SRF2005, Cornell, USA, 2005.

The quality factor (Q) of the best

sample was comparable with the
present limit value of the host
cavity (equal to = 3 x 108).

The sample sustained a magnetic
field value of 300 Oe, possibly
limited by the cavity quench.




Le8 1888 1588 ZABB 2588 nM

AEM image of a niobium film deposited on sapphire (at 1,.= 120 A, Vi,s— - 40V);

arc™
the Nb/layer was 2 ym in thickness, the average Nb-grain dimension was 200 nm.
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. The instrument was
Nb/sapphire equippediwithian
100000 (sample1) ——C2H3 OZdibn guniandia

high-resolution ToF
mass analyzer.

During the analysis
the sample surface
was irradiated with
pulses of 1-keV ions,
and an average ion
current was 40 nA.
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Secondary ions
‘WMW M,‘, emitted from the
00 250 300 3

1

o

bombarded surface

were mass-separated

50 and counted with a
ToF analyzer.
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Anothe
of the L
Optlc

Ir‘" a5 beeni tsed during recent experimental studies, which
CETlcerned the UHV-arc deposition of superconducting films

—Or| pure lead (Pb) to be applied as photo-cathodes in electron
IRJECLOrS.

another presentation by P. Strzyzewski et al.




The facility was designed for the deposition of superconducting Nb-layers
upon internal surfaces of RF cavities.




Axial cut of the RF cell with the inner surface coated with a pure Nb-layer (left)
and a SEM picture showing the deposited micro-droplets.




Mag= 1000 KX LEO 1530 - CBW PAN

SEM pictures of a Nb-coated sapphire sample, showing the micro-droplets (left),
and the structure of the Nb-layer and micro-droplets (right, larger magnification).




Recent'studies of un-filtered Nb-layers
deposited within the UHV linear arc facility

g —

RRR val
while that

SiVisSranalysis (performed with Ar-ions) showed that the NbO
Eoncentration was reduced by 2 orders of magnitude (2006).

v N

273,613 601,293 928,973 1266,653

time [s]




= ’es1gned 2 pPassive

== #ﬂenetlan ~type filter and an
= Active cylindrical filter
(Supplied by a magnetizing
current and producing an
additional magnetic field).

5&-

Prototype of a cylindrical
Venetian-blind filter.




N particles / mm
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2,0 2,5 3,0

Radius [pm]

Distribution of micro-droplets upon the Nb-layer deposited within the UHV
linear arc facility, which was equipped with a Venetian-filter.




A cylimdrical magnetic filter consisting of current-carrying tubes (left)
and' the distribution of magnetic field lines in its cross-section (right).
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NEWREXPERImental facilities based on arc discharges'under ultra-high
vacumNUOEN) have been developed and investigated.

It has been shown thsa b 1 i
means of
unwante:

It ’ma_s-'fé confirmed by good superconducting properties and results
SN pUREy/ measurements of the arc-deposited Nb-layers.
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