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phenomenon of PE using a quantum efficiency which is
calibrated by the illuminate light quantity.

Abstract— In this paper, we focused on the electron of the
orbit, we improved our PE measurement system which was
attached the 50 keV electron gun for electron irradiate. Using
this improved system, we can continuously proceed electron
irradiate and PE measurement without break of vacuum
condition. And In this study, we irradiated the electron beam
with the condition of equivalent dose as one year on GEO and
measured the PE on the irradiate sample. As a result, we
confirmed that PE of irradiate sample is larger than nonirradiated sample. Further, it is confirmed that the differential of
PE between irradiate and non-irradiated sample is different on
each material. We considered that the amount of PE is increased
due to the created new localized level between HOMO and
LOMO by the electron aging. And number and energy level of
those new created localized level are different on each samples.

Furthermore, satellite are always exposed to radio-active
rays, the material properties may be change due to the
irradiation. Therefore, it is necessary to measure the PE on the
irradiated materials simulated real orbit.
In this paper, we focused on the PE of aging sample by the
electron with the condition of equivalent dose as one year on
GEO.
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I.

INTRODUCTION

28.4	
  %
single	
  
event

Recently, a lot of dielectric materials are used for the
satellite surface materials as a Multi-Layer Insulator (MLI).
However, these materials are charged by the radio-active rays
for example, α, β and γ rays, and sunlight. The discharge
phenomena are produced due to the potential difference on the
surface charging, and cause the deterioration of the surface
dielectric material. And those phenomena become a trigger for
the satellite operation anomaly [1]. Koons et al. researched the
origin of satellite losses caused by the space environment
during last 25 years. Fig.1 shows the ratio and origin of the
satellite accidents. From the figure, charging and discharge
accounted for more than 50% of all satellite accidents.
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Fig.1 . Satellite destruction due to space environment. The
statistics were researched by Koons et al. The total
number of accidents was 326 from 1973 to 1997.
II.

EXPERIMENTAL PROCEDURE

A. Measurement System
Fig.2 shows the schematic diagram of developed PE
measurement system. The sample stage on X-Y-Z-θ stage and
photo diode and faraday cup and the 50 keV electron gun are
installed in the vacuum chamber. The attached 50 keV electron
gun is for GEO electron environment simulation. And we can
carry out electron irradiation for aging and PE measurement
continuously without break of vacuum condition.

To prevent such accidents, it is necessary to analyze the
surface potential of satellites on the orbit when the satellite are
designed. The surface potential analysis is required the
electrical material properties, such as photoelectron emission
(PE) and secondary electron emission [2]. In particular, as the
PE is dominant in the charging of satellite which are operated
under insolation condition, the PE current is one of most
important parameter. Therefore, we have studied the PE using
the developed measurement system. And we also evaluate the

And a current amplifier, a digital storage oscilloscope, a
spectrometer with light sources are connected to the camber.
The Photodiode is used for the calibration from PE current to
the quantum efficiency.
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Concerning the right sources, we use two light sources of
the short wavelength region (high energy) and the long
wavelength region (low energy). The short wavelength light
source is using the deuterium lamp which can generate a
wavelength of 110 ~ 400 nm. The Long wavelength light
source is used the xenon lamp drive by a laser, output
wavelength range is 170 ~ 2100 nm. Those two light sources
are mounted on the spectrometer and switched by the reflecting
mirror. The irradiation light is dispersed to a mono wavelength
by the spectrometer, and illuminated to the photodiode or
samples through the hole of the faraday cup.

First, we irradiated each mono wavelength light to the
photodiode to obtain the quantum efficiency as a calibration
data. The output current from the photodiode is also observed
by DSO through the current amplifier as same as the
photoemission current measurement. From the result, the
photon number np of irradiation light is calculated using
following Eq. 1,
np = qp / ek

(1)

Furthermore, we irradiated mono wavelength light with
pulse width of 30 ms produced by a mechanical shutter which
is attached on the pathway of the irradiation light. It suppresses
the charging on dielectric materials surface due to the
irradiation.

where qp is the charge amount produced at the photodiode ,
e is the elementary electric charge, k is the quantum efficiency
of photodiode, respectively. qp is obtained by integral of
measurement output current waveform. The photodiode’s
quantum efficiencies are provided by the National Institute of
Standards and Technology (NIST).

The sample stage is attached on X-Y-Z- θ stage and can be
controlled automatically by PC. Therefore, we can move the
sample stage in front of the 50 keV electron gun when it the
samples are irradiated. And, we also can move the stage to
each measurement point of photoemission. Therefore, we can
measure the photoelectron on the fresh surface without
charging on each measurement.

Second, we irradiated each mono wavelength light to the
sample. The emitted photoelectrons from the sample surface
are collected by the faraday cup as same technique as above
mentioned. As the charge amount qe of photoemission can be
calculated same as qp, the number of photoelectron ne from the
sample is calculated by the following equation.

The photoelectron emitted from samples is collected by the
faraday cup biased 50 V and observed on the DSO though the
current amplifier as a voltage signal.

ne = qe / e

At the end, the quantum efficiency Q is calculated by the
following equation.

All experiments are carried out under vacuum atmosphere
of 10-5 Pa.
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C. Irradiation range of 50 keV electron gun
We collect electrons from 50 keV electron gun using the
Faraday cup for primary electrons, and the diffusion radius of
50 keV electron beam was investigated. Fig.3 shows that
schematic view of the confirmation test of diffusion radius of
50 keV electron beam. Concerning Irradiation conditions,
irradiation distance is 160 mm, acceleration voltage is 50 keV,
filament current is 150 µA.
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Fig.2 . Measurement system of photoelectron emission
B. Quantum Efficiency
We evaluate the photoelectron emission using the quantum
efficiency Q. The procedure of Q calculation is as follows.

Fig.3. 50 keV schematic view of check test of diffusion radius
of electron beam
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The effectual radius was set to 5 mm from the
confirmation test. And the irradiation current density of 50
keV electron gun made into 121 nA/cm2 which is the average
value of it area.

Quantum efficiency

100

D. Measurement Condition and Samples
As a sample of the measurement of the quantum efficiency,
the two kind of polyimide material (PI1, PI2) are used. Those
PI films thickness is 25 µm. As for the form of each sample, PI
1 is a square of one-side 90 mm, and PI 2 is a square of oneside 50 mm. For the preparing aging sample, the samples were
set in front of the 50 keV electron gun with the distance 160
mm between gun and samples. Those samples were irradiated
by an electron with the energy of 50 keV and 121 nA/cm2
current by 50 keV electron gun. The irradiation condition is the
equivalent dose as one year on GEO electron.
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After preparing aging samples, the sample stage was
moved in front of a light source. Then, it measured as a
measurement condition in the pulsed light of diameter 4 mm
and the wavelength domain of measurement wavelength 120 ~
300 nm. Fig.4 shows a 50 keV electron irradiation position and
the pulsed light irradiation position for measurement of PI 1.
From the figure, the output diameter of 50 keV electron gun is
10 mm. And therefore, pulsed light is capable of irradiating
the four points. And PI 2 is also same.
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Fig.5 . Quantum Efficiency Result of PI 1 Samples
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Fig.6 . Quantum Efficiency Result of PI 2 Samples
From those results, we confirmed the quantum efficiency of
irradiated PI 1 and PI 2 sample are larger than non-irradiated
sample. Therefore, we understood that the amount of PE
increased due to the irradiation. It is considered that the
molecular structure of the sample were changed or new energy
levels were formed in the forbidden band.

Fig.4 . 50keV electron irradiation position and the pulsed light
irradiation position for measurement (PI 1)
III.

120

RESULT AND DISCUSSION

The measurement result of the quantum efficiency of PI 1
and PI 2 is shown in Fig.5 and 6. In this figure, the
perpendicular and horizontal axis shows the quantum
efficiency and the wavelength and corresponding value of
photon energy, respectively. These figures also show the
measurement results of the non-irradiated sample.

Furthermore, we observed the sample appearance on the
irradiated and non-irradiated samples which are shown in
Fig.7. From the figure, we can observed dark discoloration on
the surface of irradiated both samples. And dark discoloration
was recovered after the relaxation time progress. From the
phenomenon, the dark discoloration was not carbonize on the
surface. Therefore, since the quantity of the optical absorption
of a sample increases, we considered that the quantum
efficiency is increased due to the created new localized energy
level in the forbidden band by the electron irradiation.

From the figure, we can see the quantum efficiency on
irradiated sample become higher than non-irradiated sample’s.
Although PI 1’s the quantum efficiency is high on the most of
all wavelength region, the quantum efficiency differential is
observed on the wavelength more 170.0 nm in PI 2.
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Next, the differential of the quantum efficiency between
irradiated and non-irradiated samples on PI 1 and PI 2 was
compared. The quantum efficiency on irradiated samples of PI
1 is higher than PI 2. Therefore, we thought that many levels
were formed in the forbidden band of PI 1 compared with PI 2.
Therefore, the quantum efficiency of irradiated PI1 is higher
than PI 2. However, concerning the quantum efficiency of
1832.3 nm on PI 1, we observed the different value from
LDLS and DL. We need more investigation to solve the
phenomenon.

Irradiation center

IV.

a-1 Non-irradiated

CONCLUSION

we irradiated the electron beam with the condition of
equivalent dose as one year on GEO and measured the PE on
the irradiate sample. As a result, we confirmed that PE of
irradiate sample is larger than non-irradiated sample. Further, it
is confirmed that the differential of PE between irradiate and
non-irradiated sample is different on each material. We
considered that the amount of PE is increased due to the
created new localized level between HOMO and LOMO by the
electron aging. And number and energy level of those new
created localized level are different on each samples.

a-2 Irradiate

a) PI 1

Irradiation center

It is necessary to perform same measurement by other
samples from now on.
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