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Abstract 
   Amorphous carbon (a-C) coatings can reliably be 
produced with a maximum secondary electron yield 
(SEY) close to 1 at room temperature. Measurements at 
low temperature (LHe) are in progress. Analysis by X-ray 
Photoemission Spectroscopy (XPS) shows a correlation 
between the lineshape of C1s spectrum in XPS and the 
maximum SEY of the investigated samples. The initial 
level of oxygen on the surface of the various samples 
does not seem to be related to the initial maximum SEY 
value. However, the increase of the SEY with air 
exposure time on each individual sample is related to the 
amount of oxygen containing adsorbates. Storage in 
different environments has been investigated (static 
vacuum, aluminium foil, dry nitrogen and desiccators), 
and shows significant differences in the “aging” 
behaviour. Aging is very moderate when storing samples 
wrapped in aluminium foil in air. Samples which have 
undergone aging due to inappropriate storage can be 
recovered nearly to the initial value of their SEY by 
surface treatments such as conditioning by electron beam, 
annealing under vacuum and ion bombardment. However, 
an enhanced sensitivity to air exposure is observed for 
most of these curing methods. 

INTRODUCTION 
   Carbon coatings prepared by magnetron sputtering 
deposition exhibit very low Secondary Electron Yield 
(SEY). They represent a very promising solution to 
mitigate electron cloud if applied as coatings on the inner 
wall of the vacuum chamber of particle accelerators. In 
particular the low SEY is obtained without activation or 
bake-out treatment in UHV. Their performance was 
demonstrated in the Super Proton Synchrotron (SPS) [1], 
[2]. The results presented in the following show that their 
application can be extended to cryogenic systems. Most 
of the coatings have initially a maximum of the SEY 
(δmax) close to 1, measured after air exposure of 1-2 hours, 
with a very narrow distribution. Deviations remain in the 
interval 0.85-1.15 and are partly due to change in coating 
parameters. The minor differences in composition 
measured with X-ray Photoemission Spectroscopy (XPS) 
do not correlate with the SEY data. An alternative 
approach based on the XPS carbon C1s lineshape is 
therefore proposed. Particle accelerators operate for tens 
of years and the functional lifetime of such a coating must 
be sufficiently long to avoid frequent maintenance 
interventions. Aging in terms of progressive increase of 
SEY is known to occur for all metal surfaces exposed to 
air and a characterization from this point of view is 
necessary also for the carbon coatings. Along the same 

line the possible techniques to recover the initial SEY 
value were also investigated.  

EXPERIMENTAL 
   All investigated carbon samples were prepared by 
magnetron sputtering in different geometries, with several 
types of cathodes all made of graphite. Further details are 
given in [3]. The SEY as a function of the primary 
electron energy (range 50–1800eV) at normal incidence 
has been measured in two different systems, both working 
in 10-9 mbar pressure range. Both instruments measure the 
SEY by acquiring simultaneously the absorbed current on 
the sample and the secondary electron current on a 
collector, which is coaxial with the electron gun. All SEY 
measurements were performed by limiting the electron 
dose impinging on the surface: for a full curve the dose 
was below 10-6 C/mm2. The accuracy of the SEY 
measurement is ±0.03 at room temperature (RT) and 
±0.05 at 4.7K. The system operating at RT is coupled 
through UHV with an XPS spectrometer (MgK, non-
monochromatized source, 45° emission angle). It enables 
the sample exchange through a fast entry load-lock. The 
system is also equipped with a flood gun for electron 
irradiation with 500 eV electrons, with an ion gun (Ar+, 3 
keV) and a sample heater. The system which operates at 
cryogenic temperatures is described in more details in [4]. 

RESULTS AND DISCUSSION 
   The SEY of the a-C coating after bake-out at 150⁰C has 
been measured at RT and at 4.7 K in the cryogenic system 
(Fig. 1). The value of δmax is 1.12 and no significant 
difference is detected considering the experimental 
accuracy of the measurements. This behaviour is 
expected, since metals do not show relevant dependence 
of SEY as a function of temperature and the a-C coating 
is an electrical conductor. More in general the excitations 
producing secondary electrons are of the order of eV 
whereas the changes in the electron distribution in the 
density of states occur in a range of kT or tens of meV. 
The SEY measured for various coatings has been 
correlated with the shape of the C1s line measured in 
XPS. In particular, Fig. 2 shows four carbon spectra for 
coatings having different SEY. The maximum intensity 
was normalized after subtraction of a constant, calculated 
as the average value in the region 278-281 eV binding 
energy. The intensity in the region 287-290 eV is 
correlated to the δmax, as shown in Fig. 3, for 289 eV 
binding energy. Higher intensity at 289 eV corresponds to 
lower δmax. The correlation is not due to the presence of 
other elements, which could give intensity in this region 
as a consequence of their bonding to carbon. In particular 
the amount of oxygen measured on the samples by XPS 

Proceedings of IPAC2011, San Sebastián, Spain TUPS027

07 Accelerator Technology

T14 Vacuum Technology 1587 C
op

yr
ig

ht
c ○

20
11

by
IP

A
C

’1
1/

E
PS

-A
G

—
cc

C
re

at
iv

e
C

om
m

on
sA

tt
ri

bu
tio

n
3.

0
(C

C
B

Y
3.

0)



after produc
either with th
 

Figure 

 
Figure2: C1s
to samples w
top).  
 
  The change
by storing th
wrapped in a
non-sealed p
steel vessel f
evacuation), 
(up to 4 mon
pumped dow
case is found
which the 
statistical un
the samples i
easily be app
both ends w
samples wrap
yet identifie
between the 
detected on 
storage type.

ction (between
he δmax or with

1: SEY of a-C

s normalized i
with δmax= 1.

e of SEY with
he samples in
aluminium foi
olystyrene bo
filled with N2

in a stainles
nths; before clo
wn to 10-7 mba
d for the storag

SEY increas
ncertainty. It i
in Al foil prev
plied to vacuu
ith Al foil. A
pped in Al fo

ed, but a co
increase of S
the surface 
 This behavio

n 0 and 16%
h this intensity

 
C coating at R

 

intensity. The 
15, 1.07, 0.99

h time (aging
n different en
il (up to 14 m

ox (up to 14 m
2 (up to 9 mo
s steel vessel
osing the vess
ar) and in desi
ge in a polym
ses well ab
s remarkable 

vents the aging
um chambers, 
All other cases

il. The cause 
orrelation cou
SEY and the 
by XPS, ind

our is shown in

%at) is not re
y. 

RT and 4.7 K.

curves corres
9, 0.88 (botto

g) has been stu
nvironments: i
months), in air

months), in stai
onths; 1 mbar 
l in static vac
sel, the sample
iccators. The w

mer box (Fig. 4
ove the pos
that just wrap

g. This metho
by closing the

s are similar t
of the aging i

uld be establ
amount of ox

dependently o
n Fig. 5, wher

elated 

  

 

spond 
om to 

udied 
in air 
r in a 
inless 
after 

cuum 
e was 
worst 

4), for 
ssible 
pping 
d can 
em at 
to the 
is not 
lished 
xygen 
of the 
re the 

samp
stora
or o
carry
the i
the i
effec
hydr
distin
subs
to O
impo
has 
meas
 

Fi

 

  
Figu
stora
 
  Irra
unde
show
requ
comp
on co
the p
bond

ples from thre
age are includ
oxygen related
ying oxygen c
increase of th
ncrease of oxy
ct, simultan
rocarbons on 
nguish the ad
trate, but a cle

O bonds (288eV
ortant to reem
been found 

sured by XPS

igure 3: δmax a

ure 4: Change
age.  

adiation with 5
ergone aging, 
wn in Fig. 6
uires a dose 
parison, this w
opper conditio
peak at 288 e
ds vanishes up

ee different co
ded. It could be
d species – 
containing gr

he SEY with 
ygen with tim

neous with 
the surface. 

dosorbed hydr
ear intensity i
V) indicates a

mphasize that b
between the

 and the SEY

as a function o
 

e of the SEY 

500 eV electro
recovers the i

6. The condit
in the 1e-

would lead to
oned in the sa
eV of binding
pon irradiatio

oating runs an
e an indicatio
as water or 
oups – are re
time of stora

me could also b
the accum

In XPS it i
rocarbons from
in the spectrum
at least their p
before aging n
e initial leve
.  

of the C1s XPS

as a function

ons on a samp
initial value o
tioning down
-3 C/mm2 r
o a value of δ
ame way [5]. T
g energy relat
n. The fast in

nd all types of
n that oxygen
hydrocarbons

esponsible for
ge. However,
be only a side
mulation of
is difficult to
m the carbon
m region of C
presence. It is
no correlation
el of oxygen

S intensity. 

n of time and

ple, which has
of the SEY, as
n to δmax=1.0
range. As a
δmax = 1.1-1.3
To be noticed,
ted to C to O
ncrease of the

f 
n 
s 
r 
, 
e 
f 
o 
n 
C 
s 
n 
n 

d 

s 
s 
0 
a 
3 
, 

O 
e 

TUPS027 Proceedings of IPAC2011, San Sebastián, Spain

1588C
op

yr
ig

ht
c ○

20
11

by
IP

A
C

’1
1/

E
PS

-A
G

—
cc

C
re

at
iv

e
C

om
m

on
sA

tt
ri

bu
tio

n
3.

0
(C

C
B

Y
3.

0)

07 Accelerator Technology

T14 Vacuum Technology



SEY after 24
more reactive
  Thermal tre
as in a comm
few samples 
samples. Hea
the δmax to 1
value of 1.3
initial value 
200⁰C (samp
7 for another
  After 10 mi
of an aged a
A clear corr
amount of O
accelerator c
treatment of 
possible ex
electrons.   
 

  
Figure 5: M
oxygen amou
 

 
Figure 6: Ev
electron dose

4h air exposur
e than the init
eatment in UH
mon bake-out 

as another m
ating at 120⁰C
.13 for a sam

33, but does 
of 0.97. The c

ple with initia
r sample.  
in sputtering w
-C sample can
relation betwe
O% can be s
components o

surfaces is al
ception of 

Maximum SEY
unt on the surf

vlution of SE
e. The initial S

re can indicate
tial one, befor
HV, without fu

procedure, w
method to lowe
C for a long tim

mple which ha
not enable it
complete reco

al δmax of 1.08

with Ar+ at 0.
n be reduced 
een the δmax a
seen. Howeve
r vacuum cha
lmost always 
bake-out an

Y as a functio
face. 

EY as a func
SEY before ag

e that the surfa
e aging.  

further air exp
was investigate
er the SEY of 
me (42h) decr

ad an aging up
ts recovery to
overy is possib
8) as shown in

.6 μA/cm2, the
to its initial v
and the rema
er, in the ca
ambers, the in
excluded wit

nd beam ind

on of accumu

ction of irradi
ging was 0.96

face is 

osure 
ed on 
f aged 
reases 
p to a 
o the 
ble at 
n Fig. 

e δmax 
value. 
aining 
se of 
n-situ 
th the 
duced 

ulated 

 

iation 
.  

Fi

   Th
temp
of di
arou
bind
corre
high
SEY
unde
fresh
of o
long
incre
redu
comp
alum
cham
obtai
UHV

[1]

[2]

[3]

[4]

[5]

 

gure 7: SEY a

he SEY of a
perature in the
ifferent coatin

und δmax=1. Th
ding energy 
elates with th

her intensity g
Y. More inve
erstand the ori
hly prepared c
oxygen detecte
 term aging,
ease together 

uced by wrap
pared to stora

minium foil 
mbers. Recov
ined by elec

V or ion sputte

C. Yin-Vall
Beams, 14, 0
C. Yin-Vall
coating for 
SPS Proceed
Sebstian, Spa
C. Yin-Vallg
Conference, 
A.Kuzucan 
cryogenic su
gases, Proce
Sebstian, Spa
V.Baglin et 
2001  

as a function o

CONCLU
-C carbon co
e range betwe
ngs changes i
he intensity o

side, name
he measured 
generally lead
estigations ar
igin of this re
coatings does 
ed on the su
, the amount
with the SEY

pping the sa
age in a polym
is also appl

very of the 
ctron irradiati
ering. 

REFERE
gren et al. P

071001, (2011
lgren et al., 
the mitigation

dings of the 
ain (2011) 
gren et al., Pr
Kyoto, Japan 
et al., Seco

urfaces as a
eedings of the 
ain (2011) 

al, CERN-L

of heating tim

SIONS 
oatings is in

een 4.7K and R
in a small ran

of the C1s lin
ely around 
δmax in the 

ds to a lower 
re necessary 
elation. Instea
not depend o

urface by XPS
t of oxygen 

Y. Aging in a
amples in alu
mer box. This 
licable to la
SEY after a
ion, thermal 

NCES 
Phys.Rev. ST
1) 

Performanc
n of electron 
IPAC’11 Con

roceedings of 
 (ICR, Kyoto,

ondary electr
a function of

IPAC’11 Con

LHC-Project-R

 
me at 200⁰C. 

dependent of
RT. The SEY
nge of values
e on the high
287-290 eV
sense that a
value of the
in order to

ad the SEY of
on the amount
S. Only after

is found to
air is strongly
uminium foil
protection by

arge vacuum
aging can be

treatment in

T. Accel. and

ce of carbon
cloud in the

nference, San

f the IPAC’10
, 2010) 
ron yield on
f physisorbed
nference, San

Report-472 -

f 
Y 
s 
h 
V 
a 
e 
o 
f 
t 
r 
o 
y 
l 
y 

m 
e 
n 

d 

n 
e 
n 

0 

n 
d 
n 

- 

Proceedings of IPAC2011, San Sebastián, Spain TUPS027

07 Accelerator Technology

T14 Vacuum Technology 1589 C
op

yr
ig

ht
c ○

20
11

by
IP

A
C

’1
1/

E
PS

-A
G

—
cc

C
re

at
iv

e
C

om
m

on
sA

tt
ri

bu
tio

n
3.

0
(C

C
B

Y
3.

0)


