
International Journal of Chemical, Materials and Biomolecular Sciences

ISSN: 2415-6620

Vol:10, No:6, 2016

763

 

 

a c
as
ma
co
ag
of 
me
be
str
A.
su
pr
 

en

th
be
co
m
ch
th
of
as
co
ca
no
ev
ad
to 
of
su
sp
se

di
co
in
lay
su
of

 

CE
cer

S

Abstract—W
cylindrical unb
semblies were s
agnetic probe w

ompared to the 
greement betwee
f the different
easuring the ion

e coated using 
rongest unbalan
.cm-2 to 0.074 A

urface compare
essure 5.10-3 mb

Keywords—I
nergy analyzer, s

UPERCOND
cavities are

e Large Hadr
een chosen fo
oated with a

magnetron sput
hoice is to prev
e high therma

f a thin film o
s copper red
ompared to b
avities are not
ot need any m
ven more the
dvantages, num
 get the Nb/Cu

f bulk niobium
uperconducting
puttered atoms
een in SRF cav

We have sho
fferent angles

oating setup.
vestigations h
yers that is inc

uggest a variat
f the SRF cavi

 

G. Rosaz, S. Cal
ERN TE-VSC, C
rn.ch).  

Unbal

S

We report in this 
alanced magne
simulated using
was then used t

theoretical ma
en the expected
t magnetic as
n flux density r
a commercial r
nced configura
A.cm-2 of the i

ed to the stan
bar and a plasm

Ion energy dis
sputtering, SRF

I. INTR

DUCTING ra
 used to prop
ron Collider (
or the latter is
a thin layer 
ttering. The 
vent the risk o
al conductivity
of niobium and
duces signific
bulk niobium 
t sensitive to 
magnetic shie
e cost of the
merous proble
u technology c

m. One of tho
g properties 
s on the cavi
vities [1] as we
wn a similar e

s with respect 
. Scanning 

have pointed o
creasing when
tion of the lay
ties. 

latroni, V. Sembl
CH-1211 Geneva

lanced

paper the desig
etron source. Th
g a finite elemen
to characterize 

agnetic profiles
d and actual val
semblies was 
reaching the sur
retarding field 

ation shows an 
ion flux density

ndard balanced 
ma source power

stribution, niob
F cavity, unbalan

RODUCTION 

adiofrequency
pel particles i
(LHC). The t
s to use copp
of niobium 
advantage of

of quenching th
y of copper. F
d a cheap sub
cantly the c

cavities. Fin
earth magneti

elding for ope
e final appara
ems remain to
competitive w

ose is the depe
on the impin

ity surface. T
ell as on samp
effect by coati
to the niobium

electron m
out a strong po
n tilting the sam
yer quality in t

lanet, A. Sublet a
a, Switzerland (e-

d Cylin

G. Rosaz, V

gn and qualifica
he dedicated m
nt model. A hal

those assembli
. These show 
lues. The qualif

then perform
rface of the sam
energy analyze
increase from

y reaching the 
configuration 

r of 300 W.  

bium, retarding
nced magnetron

y (SRF) accele
in accelerators
technology th
per cavities th

deposited by
f this technol
he cavities tha

Furthermore, th
bstrate materia
cost of fabri
nally copper 
ic field and th
eration that re
atus. Despite

o be tackled in
with the perform
endence of th
nging angle o

This effect has
ples [2]. 
ing samples ti
m target used 

microscopy (
ortion of voids
mples (Fig.1) 
the different r

and M. Taborelli a
-mail: guillaume

ndrica
Cavit

V. Semblanet

 

ation of 
agnetic 
l-effect 
ies and 
a good 
fication 

med by 
mple to 
er. The 

m 0.016 
sample 

for a 

g field 
n.  

erating 
s such 

hat has 
hat are 
y DC 
logical 
anks to 
he use 

al such 
ication 
based 

hus do 
educes 

these 
n order 
mance 

he film 
of the 
s been 

ilted at 
in our 

(SEM) 
s in the 
which 
egions 

are with 
.rosaz@ 

F
spu

R
supe
perf
laye
con
plas
thin

In
used
chal
mag
and 

T
Kry
cavi
betw

T
413
It is
can 
at th
pow
pow

T
mag

A
mou
mea

al Mag
ties Co
t, S. Calatron

Fig. 1 SEM Cro
uttering at vario

ba

Reducing the
erconducting 
formances of 
er, we studied
figuration is i
sma to reach t
n film density b
n the followin
d to coat SR
llenges of su
gnetic configu

d characterize t

The coating se
ypton is used 
ity is controlle
ween 1.10-3 mb
The cavity, wh
 mm in length
s electrically 
be controlled

he reference g
wer supply is u
wer used in thi
The position o
gnet inside the
A retarding fie
unted on the 
asure the ion f

gnetro
oating
ni, A. Sublet,

oss sections of N
us tilted angle o
ars all represent

e porosity 
properties 

the SRF cavit
d a design of 
indeed known
the sample su
by ion bomba
ng, we presen

RF cavities an
uch a geome
urations with 
the associated 

II. EXPERIME

etup used for t
as the sputte

ed with a capa
bar and 1.10-2

hich is also u
h and 200 mm
insulated from

d. Along this s
ground potentia
used for the D
s study ranges
of the plasma
e tubular Nb ca
eld energy ana

cavity at the
flux density at 

on for A
g 

, M. Taborell

Nb films deposit
of (a) 0°, (b) 45
t a 400 nm leng

 
would help 
and thus 

ties. In order 
unbalanced m

n to enable m
urface and hen
rdment [3], [4
nt the coating
nd we point 
etry. Furtherm

different unb
surface ion fl

ENTAL SETUP 

this study is d
ering gas. Tot
acitance gauge
2 mbar. 
used as the va
m wide at the e
m ground and
study however
al. A Huttinge

DC plasma gen
s between 50W
a can be tune
athode. 
alyzer (RFA) 
e equator pos
its surface. 

Accele

li 

ted by magnetro
° and (c) 90°: S

gth. 

improving 
lead to b
to densify the

magnetron. Su
more ions from
nce to enhance
4].  
g apparatus th

out the techn
more, we pro
balancing deg
lux density.  

described in Fi
tal pressure in
e and is compr

acuum chambe
equator of the 
d thus its pote
r, it has been 
er Truplasma 3
neration. The 

W and 300W. 
ed by moving

from Impeda
sition in orde

erating

 

on 
Scale 

the 
better 
e Nb 
uch a 
m the 
e the 

hat is 
nical 

opose 
grees 

ig. 2. 
n the 
rised 

er, is 
cell. 

ential 
kept 

3005 
total 

g the 

ans is 
er to 

g 



International Journal of Chemical, Materials and Biomolecular Sciences

ISSN: 2415-6620

Vol:10, No:6, 2016

764

 

ni
di
wi
co
pa

th
ca

as
of
co
lim
is 
th
us
Nd
tem
is 
di

di
a 
cy
cy
wi
pe
pe
co

Fig. 2 Sc

The standard
obium is a cy
ameter 30 mm
ith a remanen

oercitive field 
arallel to the cy

Finite elemen
at this type o

alled balanced 
The goal of

ssembly that co
f the cavity 
oating. To do
mitations of th
done by flow
e magnet. Thi

sed for the ma
dFeB magnet
mperature wh
needed to e

scharge at the
The size of 
ameter in ord
much more 

ylindrical mag
ylinder axis. I
ith poles m
ermeability i
erpendicular to
onfinement of 

 

chematic of the 

III. O

d magnet use
ylinder of inte
m and 50 mm
nt magnetizati

of 760 kA.m
ylinder axis. 
nt simulations
of magnetic c
magnetron. 

f this study 
ould increase 
to enhance t
o so we hav

he system. Firs
wing compress
is fact determ
agnet which is
ts SmCo can 
hile developing
ensure a prop
e surface of the
the magnets 
er to fit inside

convenient 
gnets that are n
It is thus nece

made of a m
in order to 
o the cathode s
the plasma ele

SRF cavities co

OBJECTIVES 

ed to perform
ernal diameter
m in length. It
on of approxi

m-1. The magn

s carried out u
configuration 

is to propos
the ion flux d
the ionic ass
ve to take i
st of all the co
sed air in the v

mines the type 
s necessarily S
withstand mu

g strong magn
per electron c
e cathode. 
cannot be big
e the tubular c

assembly w
necessarily m
essary to com
material with

redirect th
surface, thus e
ectrons (see F

oating apparatu

m the sputteri
r 10.3 mm, ex
t is made of 
imately 1.1 T 
netization is a

using Femm42
belongs to th

e a new ma
density at the s
sistance durin
into account 

ooling of the ca
volume surrou
material that c

SmCo. Compa
uch higher wo
netic field (~1T
confinement 

gger than 30m
cathode. Final

we decided t
magnetized alo
mbine this geo
h strong ma
he magnetic 
ensuring an ef
ig. 3). 

 

 

s 

ing of 
xternal 
SmCo 
and a 

aligned 

2 show 
he so-

agnetic 
surface 
ng the 

some 
athode 
unding 
can be 
ared to 
orking 
T) that 
in the 

mm in 
lly, for 
to use 
ng the 

ometry 
agnetic 

flux 
fficient 

Inte

Exte

Coe

F
Fem
con
and 
unb
 

 
whe
our 
to t
com

T
are 
the 
pole
then
fact
II. A
the 

SU

T
com
the 
exp
effe

F
mag
Unb

B
agre
the 
slig
may
still
pred
simu
the 
agre

MAGN

Quantity 

Length (mm) 

ernal diameter (m

ernal diameter (m

Material 

Remanence (T)

ercitive Field (A.m

Permeability 

I

Finite element 
mm42 softwa
figurations be

d to compare
balancing degr

ere L is the av
case 30 mm) 

the point on t
mponent of the
Two unbalance

obtained by c
strength of th

e. The suitable
n been define
tors of the diff
A schematic o
associated fie

UMMARY OF THE 

Configura

Balance

Unbalanc

Unbalanc

The magnetic 
mponent of the

magnetic 
erimentally v

ect magnetic p
Fig. 4 depicts t
gnetic field 
balanced 2 con
Both predicted
eement despit

measurement
htly asymmet
y be related to
l validate our
dicting our 

mulations. All t
same way (g

eement betwe

TAB
NET AND POLES’ M

Magnet

12 

mm) 10.3 

mm) 28 

SmCo 

1.1 

m-1) 760000 ±

1.05 

IV. MAGNET

simulations h
are [5] in 
elonging to the
e them with
ree can be expr

ீܭ	 ൌ

verage length 
and R0 is the 

the axis of th
e magnetic fiel
ed configurati
combining mu
he external po
e magnets and
ed and are su
ferent configur
of these assem
ld lines distrib

TAB
DIFFERENT MAGN

ation 

ed 

ced 1 

ced 2 

profiles of b
e magnetic fie

assembly h
validated by m
probe. 
the theoretical
developed at
nfiguration. 
d and actual 
te few discrep
t spatial accu
tric behavior 
 non-uniformi
r theoretical p

magnetic p
the magnetic a
graphs not sh

een theoretical

BLE I 
MAGNETIC PROPE

t External P

2 

10.3 

30 

Fe (99.99

- 

±48 60-12

3500-60

TIC ASSEMBLIE

have been car
order to pr

e unbalanced m
h the origina
ressed by (1) a

ோబ
ଶ௅
	      

 of the cathod
distance from
e magnetron 
ld (BZ) has a v
ions have bee
ultiple magnet
oles with resp
d iron poles ch
ummarized in 
rations are sum

mblies is presen
bution. 

 
BLE II 
NETIC CONFIGUR

KG fa

3.3

3.0

1.4

 
both the tange
ld with respec
have been 
measuring the

l and experime
t the magnet

values appea
pancies that ca
uracy. One c
of the norma

ity of the mag
predictions an
rofiles using

assemblies wer
hown) and ex
l and experim

ERTIES 

Poles Internal

36

10.3

28

9%) Fe(99.9

-

0 60-12

000 3500-6

ES 

rried out using
ropose two 
magnetron sch
al magnet. T
according to [

     

de eroded are
m the target sur

where the no
value of zero.
en identified. B
ts in order to 
pect to the ce
haracteristics 
Table I. The

mmarized in T
nted in Fig. 3

RATIONS PROPERT

factor 

31 

01 

46 

ential and no
ct to the surfac

simulated 
em using a H

ental values o
t surface by 

ar to be in g
an be attribute
can also noti
al component 
nets. These re
nd comfort u
g finite elem
re characterize
xhibited a sim

mental values.

l Pole 

6 

3 

8 

99%) 

20 

6000 

g the 
new 

heme 
Their 
6] 

(1) 

a (in 
rface 

ormal 

Both 
tune 

entral 
have 
e KG 
Table 
with 

TIES 

ormal 
ce of 

and 
Hall-

of the 
the 

good 
ed to 
ce a 
that 

esults 
us in 
ment 
ed in 
milar 

The 



International Journal of Chemical, Materials and Biomolecular Sciences

ISSN: 2415-6620

Vol:10, No:6, 2016

765

 

ef
ch

O
re

F
a

fir
ef
th
60
se
sw
gr
By
po

ffect of each
haracterized us

 

Fig. 3 Schemat
Only one slice h
epresented. The

ones are the 
orientation (a) 
depicted in co

 

Fig. 4 Experime
a) normal and b

magnet

V. IO

A. Semion Sen

The SEMiON
rst one acts a
ffective flux of
e same as the

0V repels the
ensor. A third 
weeping its po
rid is used as 
y deriving th
otential we ca

h of these m
sing a retardin

tic of the two un
having rotationa
e dark squares a
iron poles. The
unbalanced 1 a

ontinuous black

ntal (open dots)
b) tangential com
t surface of the u

ON FLUX DENS

nsor 

N RFA sensor 
as a geometri
f species colle

e substrate i.e. 
e electrons an

grid is used t
otential from -
collector to m

he collected 
an then acces

magnetic ass
ng field energy

nbalanced magn
al symmetry aro
are the SmCo m
e arrows show th
and (b) unbalanc
k line, its axis as

) and theoretica
mponent of the 
unbalanced 2 co

SITIES MEASUR

contains four
ical filter in o
ected by the se

0V. A second
nd lets the io
to discriminat
-40 V up to 6
measure the ef
ion current 
ss the Ion V

semblies was
y analyzer. 

netic configurati
und the cavity a

magnets and ligh
he magnetizatio
ced 2: The cavit
s dash-dotted lin

al (lines) values 
magnetic field a
onfiguration 

REMENTS 

r different grid
order to redu
ensor. Its poten
d grid polarize
ns penetrate 

te the ion ener
60 V. Finally,
ffective ion cu
over the swe
elocity Distri

 

s then 

ions: 
axis is 

ht grey 
on 
ty is 
nes 

 

of the 
at the 

ds. The 
uce the 
ntial is 
ed at -
in the 
rgy by 
 a last 
urrent. 
eeping 
ibution 

Fun
reta
by i
tran

B

E
IVD
resp
We 
ion 
take

 

Fig
u

O
prof
con
bein
that
dire
com
effe

In
one 
the 

C

T
RFE
plas

T
ion 
con
unb

E
mat
them
ion 
can 
on a

nction (IVDF)
arding field. F
integrating th

nsmission facto

B. Ion Flux Den

Each magnetic
DF is measure
pect to the RF

can thus acce
flux density t

en at 5.10-3 mb

g. 5 Mapping of
unbalanced 1 (o

One can notice
file on the ma
figurations he
ng bombarded
t exhibits the
ected ion flux
mpared to the u
ect over the ca
n addition to t
is interested i
cavity surface

C. Ion Flux Den

The magnets a
EA, and the io
sma power as 
The unbalance

flux densit
figuration by 

balanced 2, res
Even though t
tches our expe
mselves as sho
flux is obtain
be understood

a wall: 

) that is then
Finally, the tot
he IVDF and 
or of the grids

nsity Mapping

c assembly is 
ed for variou
FEA sensor th
ess the norma
that is present
bar Kr pressur

f the ion flux de
open circles) an

configu

e a strong dep
agnetic assemb
elp to get a b
d with Kr+. Th
 strongest un

x which is fo
unbalanced 1 

avity surface. 
the spatial dis
in the absolute
e.  

nsity vs Disch

are placed in 
on flux density
reported in Fi

ed configuratio
ty compared
a factor 1.7 an

spectively.  
the improvem
ectations it is 
own in Fig. 7
ned to the det
d by looking a

n plotted as a
tal ion flux d
compensating

s. 

g 

inserted in th
us position of
hat remains at
alized spatial 
ted in Fig. 5. 
e and 300 W p

ensity for balanc
nd unbalanced 2
urations 

pendency of th
bly. As expect
better control 
he unbalanced
nbalancing de
ocused on a 
which has a m

stribution of th
e value of the 

harge Power 

the central po
y is measured w
g. 6. 
ons clearly ex
d to the st
nd 4.6 for the 

ment of ion flu
interesting to 

7. It appears th
triment of the
at the formula 

a function of
density is retri
g the value by

he cathode and
f the magnet 
t a fixed posi
distribution o
The measure

plasma power

 

ced (open squar
2 (open triangles

he ion flux den
ted the unbala
of the cavity 
d 2 configurat
egree has a m
5 mm wide 

much more sp

he ion flux den
ion flux densi

osition, facing
with respect to

xhibit an incre
tandard bala
 unbalanced 1

ux on the sur
 look at the IV
hat the increa
e ion energy. 
of the ions en

f the 
ieved 
y the 

d the 
with 

ition. 
f the 
s are 
. 

res), 
s) 

nsity 
anced 

area 
tions 

much 
area 

pread 

nsity 
ity at 

g the 
o the 

eased 
anced 
1 and 

rface 
VDF 
se in 
This 

nergy 



International Journal of Chemical, Materials and Biomolecular Sciences

ISSN: 2415-6620

Vol:10, No:6, 2016

766

 

wh
in 
an

to
Th
m
av

an
co

F

we
un
m
co
Fu
us

ߝ

here i is the i
 eV, M is the 

nd e is the elec
In the unbal
ward the cavit
his induces a 

more electrons 
verage tempera

The only way
nd take all the
oating is to app

 

Fig. 6 Ion flux d
for balanced 

unba

Fig. 7 IVDF fo
pressure o

VI.

In order to im
e have prop
nbalanced pla

magnetic prope
onfirmed by 
urthermore, w
sing such a 

௜ߝ ൌ
௘ ೐்

ଶ
݈݊ ቀ

ெ

ଶ.ଷ௠

ion energy in e
mass of the io

ctron charge. 
anced configu
ty and then mu
higher ion flu
participate to

ature of the ele
y to compensa
e benefit of th
ply a bias volt

density at the ca
(open squares),

alanced 2 (open 

for the three diff
of 5.10-3 mbar a

. CONCLUSIO

mprove the thi
posed a tech
asma source 
erties of the s

mean of m
we have qualif

source comp

௠
ቁ~5.2݁ ௘ܶ    

 

eV, Te is the e
ons, m is the m

urations, the 
much more neu

ux density, bu
o the ionizati
ectrons is redu
ate this decrea
he ion bombar
tage on the sam

avity surface ver
, unbalanced 1 (
triangles) confi

 

ferent magnetic 
and 300W of dis

ON AND PERSPE

in film proper
hnical solutio
in a cylindri
source have b
magnetic pro
fied the gain 
pared to a tr

    

electron tempe
mass of the el

plasma is ext
trals can be io
ut in the sam
on process an
uced. 
ase in the ion e
rdment to ass
mple.  

 

rsus discharge p
(open circles) a
igurations 

configurations 
scharge power

ECTIVES 

rties in SRF ca
on to fabrica
ical geometry
been simulate
obe measurem
in ion flux d
raditional bal

 

 (2) 

erature 
lectron 

tended 
onized. 

me way 
nd the 

energy 
sist the 

power 
and 

 

at a 

avities 
ate an 
y. The 
ed and 
ments. 

density 
lanced 

mag
met
surf
pola
char
qua
on 
imp

T
Eur

[1]

[2]

[3]

[4]

[5]

[6]

  

 

gnetron sourc
thod that lies
face of the sa
arizing the s
racterizing th
lity of the de
the amount 

provement on t

The work is 
ropean Commi

C. Benvenuti, D
Production and
cavities, Procee
1038, 1997. 
D. Tonini, C. Gr
V. Palmieri, Mo
substrate angle
Superconductivi
B Window and N
P.H. Mayrhofer
reactive and no
TiN coatings, vo
D. C. Meeker
(12Jan2016 Bui
I.V. Svadkovsk
parameters for u
pp. 283–290, 20
 

e. We have p
s in the decre
ample, which 
sample. Nex

he effect of 
eposited niobiu

of voids in
tilted samples

ACKNOWL

part of EuCA
ission, GA 312

REFER

D. Boussard, S. 
d test of 352 M
edings of the 199

reggio, G. Keppel
orphology of niob
e, proceedings 
ity, 614. 
N. Savvides, J. V
, F. Kunc, J. Mus

on-reactive unbala
ol. 415, 151-159 (
r, Finite Eleme
ld), http://www.fe

ki, D.A. Golosov
unbalanced magn

003. 

pointed out a
ease of the i
will then hav
t step will 
such a plasm
um film espec

n the layer a
. 

LEDGMENT 

ARD-2, partl
2453 

RENCES  
Calatroni, E. Ch

MHz Niobium sp
97 Workshop on 

l, F. Laviano, M. 
bium films sputter

of the 11th 

Vac. Sci. Technol. 
sil, C. Mitterer, A
anced magnetron
(2002). 
ent Method Ma
femm.info 
v and S.M. Zava
netron sputtering 

a drawback of
ion energy at
ve to be tune

consist of 
ma source on
cially by focu
and the pote

ly funded by

hiaveri, J. Tuckm
puttered reduced
RF Supeconduc

Musiani, G. Torz
red at different ta

Workshop on

A4(2), 196 (1986
A comparative stu
n sputter depoisit

agnetics, Versio

atskiy. Characteri
systems, Vacuum

f the 
t the 
d by 
fully 

n the 
using 
ential 

y the 

mantel, 
d beta 
ctivity, 

zo and 
arget – 
n RF 

6) 

udy on 
ton of 

on 42 

sation 
m, 68, 


