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Abstract. In this short article we present the results obtained during the ra-
diation testing of CubeSat components developed by EnduroSat in the CERN
Gamma Irradiation Facility (GIF++). Irradiation of an assembled 1U CubeSat
by a Caesium-137 source was performed during July-September 2017 for a to-
tal of 49 days during which the satellite was fully functional and performing
various operations. An accumulated dose of 405 Gy (40.5 krad) was measured
by a RADMON positioned on top of the satellite. This article presents a de-
tailed description of the setup, components included in the test and the obtained
results.

1 Setup Description

Test of the CubeSat systems was performed at CERN’s Gamma Irradiation Fa-
cility (GIF++) [1] from July 26th until September 11th 2017. The GIF++ entered
operation in Spring of 2015. It is a particle detector testing facility, an improve-
ment to the original GIF facility by a factor of 30 with respect to source intensity.

The gamma source of the GIF++ facility is a 137Cs producing ∼ 662 keV pho-
tons in two wide radiation fields (±37 degrees horizontally and vertically). This
source is positioned in a large irradiation area (approx. 60 m2) and the wide
beams allow the simultaneous testing of many detector systems and electronics.
Due to its location near the end of beam line H4, the GIF++ facility is a main
user of this beam line for several weeks per year. The facility further receives
muon beam halo for 30–50% of the SPS operation time [1], which is generated
as a secondary beam from a main SPS proton beam.
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The main irradiation to the EnduroSat components, however, was due to the
∼ 662 keV photons produced by the 137Cs source of the facility, complemented
by scattered lower-energy photons and secondary electrons. The assembled 1U
CubeSat was positioned approximately 1.5 meters from the source in the central
region of the irradiation field [1].

A photon current of the order of 107 cm−2s−1] (constant along the transversal
plane due to angular correction filters) was passing normal to satellite’s surface.
The satellite was connected to a PC through a FTP cable and data logs of its
operations were recorded every 1 minute during the entire period of the test.
The PC used to read-out the data was positioned at several meters from the cube
outside the irradiation field at shielded position.

A RADMON sensor [2, 3] mounted on top of the satellite (see Figure 1) was
used to detect the total cumulative dose.

Figure 1. The assembled 1U CubeSat with a RADMON sensor attached to its top panel
and the cable used to send the log files to a PC.

2 Components under Testing

The EnduroSat components tested during this experiment are all qualified fol-
lowing the ESA standard ECSS-E-ST-10-03C [4] and GEVS: GSFC-STD-
7000A [5]. They include:

1. 1U CubeSat Structure [6]
2. Power Module [7]
3. Onboard Computer [8]
4. UHF Transceiver [9]
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5. Deployable UHF Antenna [10]
6. Solar Panel [11]
7. Wall Panel x5

The listed components were assembled together into the CubeSat platform seen
in Figure 1. Only a single solar panel was used since some of the sensors listed
bellow are attached to it and solar cell damage is primarily caused by charged
particles (not photons).

During the test the OBC, EPS and UHF Transceiver were functioning and each
of them was performing tasks, described in detail in the next section.

The deployment mechanism of the UHF antenna was tested after the irradiation.
A schematic representation of the satellite connected to the remote PC is shown
in Figure 2.

Figure 2. A schematic representation of the CubeSat experimental setup.

3 Results

The following tasks were carried out by each of the modules listed above during
the entire period (48 days, 23 hours and 44 minutes) of the test:

1. Onboard Computer (OBC): The OBC module was reporting its status
every 1 minute via UART (the logs being saved to the remote PC). The
OBC was writing and verifying a predefined file pattern with the size of
1 MB on an SD-based file system every hour. A total of 1174 files were
created and verified successfully with no failures in either writing, verifi-
cation or pattern matching. Device-specific data was collected via system
bus I2C interface/ESTTC protocol from the EPS and UHF every second
(a total of 4232640 transactions per device). There have been no failures
(missed transactions, bus stall, invalid data or lack of response). In ad-
dition, data was collected from the accelerometer, gyroscope and magne-
tometer sensors via the I2C/SPI interfaces every minute (a total of 70544
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transactions per device), once again, with no failures (no missed trans-
actions, bus stall, invalid data or lack of response). The sensor data log
analysis hasn’t detected glitches or data deviations greater than 5%.

2. Power Module (EPS): The EPS module was reporting every 2 seconds
via UART (the logs being saved to the remote PC). During that time, a to-
tal of 58 battery charge/discharge cycles have taken place. No device reset
or other power abnormal events have been detected throughout this time.
The sensor data log analysis hasn’t detected glitches or data deviations
greater than 5%.

3. UHF Transceiver: The UHF Transceiver module was reporting every
5 seconds via UART (the logs being saved to the remote PC). A total
of 924929 operations were performed in the form of FRAM memory
write/verify/erase/blank tests with no failures in either write, verify or
blank.

4. UHF Antenna: The UHF Antenna was successfully deployed with no
glitches after the irradiation had taken place.

5. S-band Antenna: The S-band Antenna performed as expected with no
measurable effect on return losses or frequency performance after the ir-
radiation had taken place.

The attached RADMON detector has been working continuously from July
26th until September 11th with the last available RADMON dose from 8:55
on September 11th (shown on Figure 3).

The initial dose measured was 162 Gy (dose at the beginning of the experiment)
and the final dose was 567 Gy (dose at the end of the experiment). This gives
us a total cumulative dose of 405 Gy or 40.5 krad for the duration of the testing,
during which all of the above mentioned systems were completing their tasks
with no detectable problems.

Figure 3. Temperature (shown in red) and integrated absorbed dose (shown in blue) for
the duration of the test. Data exported from the RADMON seen on top of the satellite in
Figure 1.
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4 Conclusions and Remarks

The conducted test has shown that the components in question [6–11] produced
by EnduroSat, can perform their tasks with high reliability in gamma radiation
conditions which are comparable and even worse than those normally encoun-
tered in LEO (Low Earth Orbit) and GEO (Geostationary Orbit). The virtual
lack of errors and failed operations is a promising result for the future use of
these components in space applications.

Note that especially for the external components such as solar panels, trapped
ions and electrons are a dominant source of damage and degradation, so the
conducted tests should be considered realistic primarily for the electronic com-
ponents inside the satellite.

Additional testing is required for a high-fidelity prediction of damage due to
trapped particles and solar wind especially for the solar panels.
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