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ABSTRACT
Electron emission is one of key parameter in the
charging phenomena on the spacecraft. Electron
emission that is induced by electron is called secondary
electron emission. The electron emission by photon is
called photoelectron emission. These electron emissions
are expressed Total Electron Emission Yield (TEEY)
and Photoelectron Emission Yield (PEY). The electron
emission yield depends on space materials, and received
interaction with space environment. Spacecraft will
deteriorate day by day, because of it is exposed to hard
environment, that radiation, Atomic Oxygen, Ultra
Violet and so on. It becomes possible to estimate the
charging of the spacecraft by creating a database of the
space material. In this paper, Black Kapton and Teflon
are focused on. TEEY and PEY of these materials were
measured at variety of space environment.
1.

INTRODUCTION

In our previous research, the charging properties of
Kapton was measured before and after space
environment irradiation, that is radiation, UV, AO,
and high and low temperature.
In this paper, Black Polyimide and Teflon (polytetra-fluoroethylene) coated Ag were used for test
samples. These materials are usually utilized by
means of thermal control on spacecraft surface.
Based on TEEY and PEY system, the TEEY and PEY of
virgin Black Polyimide and Ag Teflon, that is exposed
radiation and AO are investigated.
2.

ELECTRON EMISSION

2.1. TOTAL ELECTRON EMISSION
The total electron emission yield is defined as the
number ratio of emitted electron and injected electrons.
The generally curve of TEEY is shown in Figure. 1.

Discharges on spacecrafts should be considered in
developing satellite. Space materials are charged by
surrounding plasma or sub-storm. If the potential
difference is formed on the satellites, , the discharge
will occur. If a discharge accident occurs on the solar
cells, the solar array paddle may not supply the electric
power to the satellite. In the worst case, the satellite is
suffered from the operation stop.
After the accident of the Earth observation satellite
“ADEOS-2”, spacecraft charging analysis software,
“Multi Utility Spacecraft Charging Analysis Tool
(MUSCAT)”, was developed at Kyushu Institute of
Technology. To use this software with higher accuracy,
the parameters of spacecraft materials such as Total
Electron Emission Yield (TEEY) and Photoelectron
Emission Yield (PEY) are required.
The various space environments influence spacecraft in
long-term operation. The Charging property might be
changed by deterioration due to radiation, ultraviolet
light, atomic oxygen in LEO, and so on. The
characteristics after deterioration should be considered
for spacecraft charging analysis.

Figure.1 TEEY curve

The maximum value of the yield and related energy are
smax and Emax. The first and second crossover energy are
E1 and E2, where the yield reaches unity.

14th Spacecraft Charging Technology Conference, ESA/ESTEC, Noordwijk, NL, 04-08 APRIL 2016
2.2. PHOTOELECTRON EMISSION
The photoelectron emission yield is defined as the
number ratio of emitted electron and injected photons.
The PEY varies with the incident photon energy or
wavelength.

2

In the TEEY system, when the primary electron hits the
sample surface, the collector and sample current are
measured simultaneously. The yield σ can be calculated
as follow.
(4)

(1)
Y(l) is the PEY, jph current density, l is wavelength, F is
flux, given by
(2)
Ir is irradiation intensity and W is photon energy, given
by
(3)
h is Plank constant and c is speed of light.
3.

EXPERIMENTAL PREPEARATION

Figure.2 TEEY system

3.1. SAMPLE

3.3. PHOTOELECTRON EMISSION YIELD

The TORAY DuPont Inc. (Japan) manufactured Black
Polyimide and the Astral Technology Unlimited Inc.
(USA) manufactured Ag coated Teflon, which were
chosen as research object. The film was cut to be 30mm
× 30mm square shape, and cleaned by alcohol. Before
the TEEY or PEY testing, the backside of Black
Polyimide was coated with Au as the electrode by the
SANYU Electronics Inc. (Japan) QC-701 type Quick
Coater, and electric potential of the testing side was
checked by the TREK Inc. (USA) 362A type
Electrostatic Voltmeter. If the potential is higher than
±5 V, the Omron Inc. (Japan) ZJ-FA20 type Ionizer was
used to neutralize the surface and eliminate the effect of
charging.

The photoelectron emission yield system includes the
vacuum system, the compressor, the HAMAMATSU
Inc. (Japan) Model L1835 Deuterium Lamp, with
wavelength ranging from 115 nm to 400 nm, and the
HAMAMATSU Inc. Model H8496-16 UV Laser Sensor
with spectral response from 160 nm to 220 nm. The
system schematic is depicted in Fig. 3. In this system,
the five narrow band filters, 122nm, 130nm, 138nm,
157nm, 185nm, were used for the incident photon, we

3.2. TOTAL ELECTRON EMISSION YIELD
The TEEY measurement system was developed on the
base of JEOL JAMP-10 SXII Auger Microscope with a
cylindrical metal collector. The chamber, with 3.5×10-5
Pa vacuum, is mounted the LaB6 electron gun, which
can emit the primary electron with energy ranging from
10 eV to 3 keV, 20 nA current, 10 µs pulse and 1mm 2
beam spot. The system can measure the TEEY of all
solid plate samples with thickness less than 2.5 mm.
The system schematic is shown in Fig. 2.
The collector is biased to +50 V with respect to the
sample potential, in order to catch all the secondary
electrons escaping from the sample surface.

can chose measuring wavelength.
Figure.3 PEY system
Measuring the current, Ise from UV sensor and Isa from
sample stage, and calculate the PEY.
(5)
(6)
S is the irradiation area. Then the irradiation Ir defined
as
(7)
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4.
Irre is the relative irradiation, and Ire is the relative
electron current, given by

RESULT

4.1. RADIATION TEST
4.1.1. TOTALELECTRON EMISSION
YIELD

(8)
R is the responsivity of light.
3.4. RADIATION DEGRADED SAMPLES

3

The TEEY of electron and proton irradiated Black
Kapton are shown in Fig.5

The virgin Black Kapton and Ag Teflon were exposed
to radiation, electron and proton.
First, the electron beam irradiation test was carried out
at Takasaki Advanced Research Institute, Japan Atomic
Energy Agency (JAEA). The injecting electron was
~700keV energy and 1.88mA current, and 4 fluence
were chosen, 5.33 × 1014, 2.67 × 1015, 5.33 × 1015 and
8.00 × 1015 electron/cm-2. These fluences correspond 1,
5, 10, and 15 years expose dose in GEO.
Next, the proton beam irradiation test was carried out at
The Wakasa Wan Energy Research Center. The
injecting proton is 50keV energy and 0.9 mA current,
and 4 fluences was selected 9.34 × 1014, 4.67 × 1015,
9.33 × 1015 and 1.40 × 1016 proton/cm-2. These fluences
correspond same years as electron beam.

(a)

3.5. AO DEGRADED SAMPLES
Atomic Oxygen should be considered in LEO
environment. AO has strong oxidizability, so surface
degraded chemically. In addition, AO collides to the
spacecraft at hyper velocity (8km/s), surface material is
also destroyed physically. Especially, as you know that
Kapton is week against, which is used in space widely.
Kapton’s result is shown as follows.

(b)
Figure.5 TEEY of electron (a) and proton (b) irradiated.
Table 1 .TEEY of radiation irradiated.

Figure. 4

TEEY of Kapton after AO exposed [1]

TEEY of degraded samples decrease. Likewise, Black
Kapton and Teflon are exposed AO environment. Flux
is 1.8 × 1014 atom/cm2 s and Fluence is 3.5 × 1019
atom/cm2.

E1

E2

σmax

Emax

Virgin

20

950

2.01

150

Electron 1year

20

900

1.83

250

Electron 5year

20

1300

2.35

150

Electron 15year

30

700

1.74

200

Proton 1year

20

750

1.76

200
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Proton 5year

20

750

1.72

200

Proton 1year

40

1300

1.87

300

Proton 10year

20

850

1.77

200

Proton 5year

50

1000

1.54

300

Proton 15year

20

800

1.74

200

The TEEY increased in 5 years electron irradiation, and
decreased in the other case. The TEEY decreased a little
after proton irradiation.
The TEEY after electron and proton irradiattion Teflon
are shown in Fig.6

The TEEY of 1 year electron irradiated sample almost
did not change. The other irradiated samples could not
be measured, because the samples were broken by the
electron beam irradiation. The TEEY of each proton
irradiated sample decreased.
4.1.2. PHOTOELECTRON EMISSION
YIELD
The PEY of electron and proton irradiated Black Kapton
is shown in Fig.8

(a)

(a)

(b)
Figure.6 TEEY of electron (a) and proton (b) irradiated.
Table 2. TEEY of radiation irradiated .
E1

E2

σmax

Emax

Virgin

40

1800

2.32

300

Electron 1year

40

1800

2.49

400

(b)
Figure.8 PEY of electron (a) and proton (b) irradiated .
The PEY of electron and proton irradiated Teflon are
shown in Fig.9
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The current density of Black Kapton and Teflon was
calculated from equation (9) and then shown in Tables.1
and 2 and Figs. 11 and 12.
(9)
Table.3. Current density (AM0) of Black Kapton

(a)

(b)
Figure.9.PEY of electron (a) and proton (b) irradiated .
Based on this result, the photoelectron emission current
density was calculated under AM0 spectrum. The AM0
spectrum was shown in Fig.10.

Figure.10 AM0 spectrum.

Sample pattern

PEY current density
@AM0
[µA/]

Virgin

6.64

proton（1year）

7.45

proton（5years）

8.43

proton（10years）

4.7

proton（15years）

11.65

electron（1year）

6.91

electron（5years）

8.43

electron（10years）

1.68

electron（15years）

1.87

Table.4. Current density (AM0) of Teflon
Sample pattern

PEY current density
@AM0
[µA/]

Virgin

0.063

proton（1year）

0.027

proton（5years）

0.057

proton（10years）

0.108

proton (15years)

0.138

electron（1year）

0.065

electron（5years）

0.091
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Samples irradiated by proton (red line)
The photoelectron current density of 1 year irradiated
samples decrease, after that it increase proportionally.
4.2. AO TEST
Samples exposed AO are shown as follows.

Figure.11 Photoelectron current density of irradiated
Black Kapton under AM0 solar spectrum.
Samples irradiated by electron (blue line)
The photoelectron current density of 1 and 5 years
irradiated samples increase, but 10 and 15 years of its
decrease.
Samples irradiated by proton (red line)
The photoelectron current density of 1, 5 and 15 years
irradiated samples increase, but 10 years of its decrease

Figure. 13 Black Kapton exposed AO before (top) and
after (bottom).
Sample surface become darker. And keep the form.

Figure. 14 Teflon exposed AO before (top) and after
(bottom).
Sample surface changes color. And keep the form.
Figure.12 Photoelectron current density of irradiated
Teflon under AM0 solar spectrum.
Samples irradiated by electron (blue line)
The photoelectron current density of increase. But other
irradiated samples can not be measured, because the
samples was broken by electron beam.

4.2.1. TOTALELECTRON EMISSION
YIELD
The TEEY result of virgin Black Kapton and Teflon is
shown as follows.
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Emited secondary electrons hit other surfaces to
generate a secondary electron (tertiary). But
Secondary electron has a few energy, thus TEEY is
not so much increasing.

Figure17 TEEY at roughness surface.
5.
Figure.15 TEEY of Black Kapton at AO test
Table .5. TEEY of Black Kapton at AO test
E1

E2

σmax

Emax

Virgin

25

1500

2.16

300

AO

-

1700

1.67

300

Maximum value decrease, but high energy area
increase.

Space environmental aging effect on the total electron
emission yield and photoelectron emission yield has
been investigated by exposing samples to high-energy
electron, proton and AO. The result is summarized as
below,
Black Kapton
(1) TEEY of electron irradiation samples decreased
except for the 5 years irradiation sample. TEEY
of proton irradiation samples did not change.
(2) The photoelectron current density of electron
irradiation samples increased except for more
than 10 years irradiation samples.
(3) TEEY of AO irradiation samples decreased.
Teflon
(1) TEEY of electron irradiation samples did not
change. However TEEY of proton irradiation
decreased after proton irradiation.
(2) The photoelectron current densities of electron
irradiation samples increased. The current density
of proton irradiation samples increased in
proportional to proton irradiation.
(3) TEEY of AO irradiation samples changed with
same tendency of Kapton result. TEEY decreased
and Emax shifted to high energy.

6.

Fig. 16 TEEY of Teflon at AO test
Table.6. TEEY of Teflon at AO test
E1

E2

σmax

Emax

Virgin

25

1800

2.31

300

AO

-

2500

1.56
1.59

300
1000

Maximum value decrease, but high energy point
increase. Teflon has two point of maximum value.
The result is same tendency of Kapton in Fig.4.[1]
The surface changing causes the result. TEEY change
if surface is rough. In low energy side, since emitted
secondary electron are absorbed upon elsewhere. If
the incident electron energy is more than Emax.

CONCLUSION
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