9th International Particle Accelerator Conference
ISBN: 978-3-95450-184-7

IPAC2018, Vancouver, BC, Canada

JACoW Publishing
doi:10.18429/JACoW-IPAC2018-WEPMF032

EXPERIMENTAL STUDIES ON SECONDARY ELECTRON EMISSION
CHARACTERISTICS FOR CHAMBER MATERIALS OF

ACCELERATORS*
Y. Liuf, W. Liu, Y. Jiao, Z. Duan, Institute of High Energy Physics (IHEP),

Chinese Academy of Sciences (CAS), Beijing 100049, China,
S. Liu, P. Wang, Dongguan Institute of Neutron Science (DINS), Dongguan 523803, China

Abstract

Secondary electron emission (SEE) of surface is the
origin of multipacting effect which could seriously deteri-
orate beam quality and even perturb the normal operation
of particle accelerators. Experimental measurements on
secondary electron yield (SEY) on different materials and
coating have been developed in many accelerator labora-
tory. In fact, the SEY is just one parameter of secondary
electron emission characteristics which include spatial
and energy distribution of emitted electrons. A novel
experimental apparatus was set up in China Spallation
Neutron Source (CSNS) and innovative measurement
methods were applied to obtain the whole characteristics
of SEE. With some traditional accelerator chamber mate-
rials such as Cu, Al, TiN, et al., SEY dependence on pri-
mary electron energy and beam injection angle, spatial
and energy distribution of emitted secondary electrons
were achieved with this measurement apparatus.

INTRODUCTION

The secondary electron emission (SEE) and accumula-
tion is one of the critical limits on the performance of
high current accelerator, such as vacuum deterioration,
beam instability, beam losses, emittance growth, beam
lifetime decline, and additional heat loads for a cryogenic
vacuum chamber [1-3]. The experimental investigation on
SEE has attracted so many interests over the past decades.
Many accelerator laboratories, such as SLAC, KEK,
FERMILAB, and CERN have set up an experimental
apparatus to measure secondary electron yield (SEY) for
different materials with or without coating [4-6]. Howev-
er, the SEY is just one parameter of secondary electron
emission characteristics which also include spatial distri-
bution and energy spectrum of emitted electrons. The
spatial distribution and energy distribution were ignored
in most experimental measurements. In order to under-
stand the whole information on SEE, a new type of exper-
imental platform was set up in China Spallation Neutron
Source (CSNS). In this paper the experimental methods
by a movable sample holder and RFA (Retarding Field
Analyser) to obtain electron spatial distribution and ener-
gy spectrum of secondary electrons are introduced. Then,
with some different materials sampled adopted in acceler-
ators, the detailed characteristic parameters are measured
with this experimental apparatus.
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MEASUREMENT METHODS AND EX-
PERIMENTAL APPARATUS

The measurement principle on SEE is explained in
Figs. 1(a)-1(c). The movable sample holder is wrapped
by a retarding field analyser. The RFA is composed of a
cap detector (connected with terminal A) and a cylindrical
wall detector (connected with terminal B) with meshed
grid (connected with terminal C) and ground electrodes
(connected with terminal E) inside. There is an insulating
ring between the cap detector and wall detector for spatial
distribution measurement shown in Fig. 1(b). In order to
get the secondary electron emission coefficient more
accurately, the sample (connected with terminal D) is
connected with a DC bias source. The ground electrode is
used to shield the electrostatic field and reduce its impact
on the electron beam. When the bias voltage is -20 V, the
secondary electrons are allowed to escape the surface of
the sample fully and the sample current /; is measured. By
regulating the bias voltage to +100 V which is high
enough to prevent secondary electrons from escaping
from the sample, the primary electron current /, is ob-
tained, as shown in Fig. 1(a). With correction on the ener-
gy of primary beam from bias voltage -20 V, the energy
calibration is included in the experiments. With measured
I, and I,, the secondary electron emission coefficient is
recorded as 0=[/I,=1- I/I,. For the sake of SEY depend-
ence on the incident angle, the sample holder can be ro-
tated from 0° to 90°, shown in Fig. 1(a).

For spatial distribution measurement, the picoammeter
was connected with terminal B. The experimental princi-
ple is to move the sample holder to different vertical posi-
tions and measure current variations on the cylindrical
wall detector, as shown in Fig. 1(b). Assuming the sam-
ple’s initial vertical position is M and the half flare angle
of the sample is a as shown in Fig. 1(b), the measured
current on cylindrical wall detector is /I,; after slightly
moving the sample to another position N, the measured
current on the wall collector is /u+aq and the angle and
current variation are Ao and Al, = Io- Ig+aq, Tespectively.
Varying the sample position step by step, the azimuthal
distribution is achieved. Using cylindrical wall detector
for obtaining the secondary electron (SE) current Ala can
avoid the measured electrons leaking from the aperture on
the top of the cap detector.

The RFA which is the capped cylindrical wall detector
with two meshed grid layers inside is used for scanning
the secondary electron energy spectrum. By scanning the
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Figure 1: Schematic diagram on the measurement of sec-
ndary electrons’ characteristics.

The SEE experimental platform is composed of a vacu-
Z2um system, electron gun, removable sample holder, and
% RFA for measuring secondary electrons. The vacuum
< system can keep the sample in a high vacuum environ-
2 ment with pressure about 10 Pa. The Kimball Physics
& EGL-7 electron gun was installed and directed toward the
Z Zsample vertically, and the electron beam energy ranges
‘“ from 100 eV to 5 keV with the emission current span
= = from 1 nA to 100pA. The maximum movable vertical
udlstance of the sample holder is about 150mm which
é corresponds to the spatial angle 10°-80°. The photograph

% and partial view of the apparatus are shown in Fig. 2
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Flgure 2: The partlal view and photograph of the appa-
ratus and RFA: (a) partial view of experimental setup, (b)
schematic of the experimental setup, (c) structure of RFA.

EXPERIMENTAL RESULTS

The characteristic parameters determining the second-
Zary electron emission are SEY, the secondary electron
S energy spectrum and its spatial distribution. With this
S apparatus and methods described in section II, the sam-
Oples Cu, Al, Stainless Steel, TiN, TiZrV and Si, were
% o measured.

e (© 2018). Any dlstrlbution of this work mus

8 SEY and its Dependence on Incidence Angle

f:j The SEY measurements were carried out with the elec-
S tron beam at normal incidence on different samples at
évarious energy ranging from 60 eV to 1480 eV with cur-
& rent of hundreds of nA. The SEY results as a function of
£ the prlmary energy are shown in Fig. 3(a, b).
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£ Figure 3: SEY on different samples and its dependence on
incident angel (a: 6=0°; b: SEY with different 6).

It is clear that the SEY for TiN coating with the lowest
yield may be the best choice for beam chamber. The SEY
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increases with the injection angle and its relation can be
fitted by cosine function, d=(cosf)™. The fitted parameter
n for different materials are summarized in Table 1.

Table 1: The Fitted Parameters n for Different Samples

sample n

Cu 0.25~0.5
TiN 0.15~0.4
TiZrHfV 0.15~0.4
TiZrV 0.4~0.8

Spatial Distribution of SEE

The sample holder is pushed vertically by an actuator
step by step to change the spatial azimuth of the second-
ary electrons distributed. During the movement, the pri-
mary beam energy and emission current is fixed at 600
eV and 1.5 pA, respectively. The ratio between secondary
electron current /;, and primary electron current /, in
different azimuth was used to explore the azimuthal dis-
tribution. The measured transparency on meshed grid
electrode and ground electrode was stable at 63% during
the movement of sample holder. The measured SE spatial
distribution is shown in Fig. 4.
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Figure 4: Spatial distribution of secondary emission elec-

trons.

((a): in Cartesian, (b): in Polar coordinate systems)

The SEY of the unit solid angle is proportional to the
following formula [7]:

f(0)=cosO(1+asin’*@+bsin*0+..) (1)
where a, b are the coefficients that change with smallest
momentum that electrons need to escape the sample slow-
ly. The fitted parameters, a and b are summarized in Ta-
ble 2. It is clear that the spatial distribution of secondary
electrons from different materials is almost the same.

Table 2: The Fitted Parameters of Spatial Distribution

samples a b

Cu -2.10265 1.632612
TiN -1.23562 1.914979
TiZtHfV ~ -1.0863 2.026681
TiZrV -0.95964 1.989641

Spectrum Distribution of SEE

Fixing the injection electron beam energy E, at 150 eV,
200 eV, 250 eV, and the collected secondary electron
energy spectrum is measured by RFA, and the results are
shown in Fig. 5. According to the normal secondary elec-
tron emission model [8], the secondary electrons are com-
posed of three sources: “true” secondary electrons with
the lower energy range, 0~50 eV; “elastic” electrons
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which are emitted with almost the same energy as inci-
dent particles; and “rediffused” electrons with uniform
energy spectrum from 50 eV to the incident particle ener-
gy. For this experiment on samples, the “true” secondary
electrons energy ranged from 0 to 50 eV with peak at
about 5 eV which doesn’t change with the energy of inci-
dent electrons.
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Figure 5: Spectrum distribution of SEE.

According Fig. 5, the first peak means the “true” sec-
ondary electrons, and the energy of “elastic” electrons
will change with the different incident electron energy.
The percentage for “elastic” is more than 80% of the total
emission electrons. The percentage for “true”, “elastic”
and “rediffused” secondary electrons is listed in Table 3.

Table 3: The Percentage for Various Secondary Electrons

Samples E, (eV) SE ERE IRE
150 80.2% 4.8% 15.0%
Cu 200 79.9% 3.1% 17.0%
250 76.8% 2.9% 20.3%
150 81.8% 3.3% 14.9%
TiN 200 78.7% 3.5% 17.8%
250 78.5% 3.0% 18.5%
150 83.5% 3.1% 1.4%
TiZrHfV 200 80.7% 2.7% 16.6%
250 78.5% 2.4% 19.1%
150 84.8% 2.8% 12.4%
TiZrV 200 84.2% 2.2% 13.6%
250 83.3% 1.8% 14.9%
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SEY Depression as Electron Dose Deposition

The incident electron bombardment can cause surface
changes of the material, such as clearance of some con-
taminants and oxide [9]. After longer bombard by primary
electrons with proper energy, the surface graphitization
may be produced and the presence of the carbon film
depresses the secondary electron yield to a lower level. In
order to understand the “dose” effect, the SEY is meas-
ured in different deposition of primary beam, shown in
Fig. 6. Fixing the primary beam energy and current at 250
eV and 0.61 pA with continuous bombardment on the
sample for 10 hours corresponding the charge deposition
of 2.46x10 C/mm?, the maximum SEY drops from 1.81
to 1.46.
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Figure 6: SEY as a function of electron dose.

CONCLUSION

A novel experimental apparatus for SEE measurements
was set up in CSNS. The SEE characteristics including
SEY, spatial distribution, energy spectrum, and “dose”
effect, were obtained by this device. The measurement
results proved the SEY dependence on spatial angle and
SE spatial distribution can be applied with cosine relation.
The “true” secondary electron energy range (<50 eV) for
different materials have been verified in energy distribu-
tion measurements. The experimental results testified the
availability on measurement methods and the apparatus
structure.
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