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Understanding and monitoring the space environment is of great
importance for the design and development of space avionics. This
is especially critical when employing radiation-sensitive commercial-
off-the-shelf (COTS) components in space systems. This work presents
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the design, validation, and characterization of the SpaceRadMon-NG
radiation monitoring payload and its sensors, a modular system built
around such components. The study covers the payload configuration
and preparations for the radiation effects during the in orbit flight ex-
periment (RADIOX) mission, part of the SYNDEO-1 CubeSat. Unique
methodologies were applied for radiation qualification, system-level
validation and sensor characterization to ensure reliable operation
in space. The payload features enhanced capabilities compared to the
previous version, including improved resolution, power efficiency, and
system modularity. Mechanical and radiation tests confirmed system
robustness, and a cross-section smaller than 8.58·10−12 cm2 was deter-
mined at a 95% confidence level. Sensor performance was excellent,
with relative errors of 0.65% for the COTS static random access mem-
ory and 0.41% for the floating gate dosimeter (FGDOS) compared to
reference devices. A novel FGDOS characterization under simulta-
neous temperature cycling and irradiation confirmed the stability of
its temperature coefficient and identified an effective compensation
method using a radiation-insensitive reference sensor. This compen-
sation approach can be extended to other radiation-sensitive compo-
nents in space. With its successful validation in space-representative
environments, the payload is ready for in-orbit demonstration, where
it will measure the total ionizing dose and high energy hadron fluence
in low Earth orbit.

I. INTRODUCTION

Space radiation has an enormous effect on the design
considerations of spacecraft systems and space missions.
The space radiation environment must be understood and
accurately modeled [1]. This understanding of the environ-
ment is fundamental in the assessment of radiation effects
on the avionics on-board a spacecraft or satellite and for
ensuring radiation hardness assurance (RHA) to space mis-
sions [2], [3]. Radiation physics studies and space weather
studies are possible additional scopes of characterizing the
space environment [4], [5], [6]. In recent years, several
CubeSat and small satellite missions have demonstrated
effective in-situ monitoring of the space radiation environ-
ment using compact instrumentation and student-developed
platforms [7], [8], further enabling distributed and cost-
effective space weather observations.

Various attempts for creating modular monitoring de-
vices for higher energy particles have been made, which are
based on advanced radiation detectors and could be adapted
for space applications [9], [10], [11]. Cheaper detectors
based on commercial-off-the-shelf (COTS) have also been
developed that can measure relatively high energy particles
based on the single event upsets (SEU) or single event
latch-ups (SEL) in the device [12], [13], [14], [15], [16]. For
measuring the total ionizing dose (TID), current state-of-
the-art modules are based on a metal-oxide semiconductor
field effect transistor (MOSFET) devices such as the radiation
sensitive MOSFET (RADFET) [17]. As such, the European
Organization for Nuclear Research (CERN) currently heav-
ily relies on RADFETS for TID measurements [18]. CERN
is now performing investigations on a new type of radiation
sensor that uses a floating gate transistor as the radiation
sensitive part: a floating gate dosimeter (FGDOS) [19]. Due
to its enhanced radiation monitoring resolution compared
to current state-of-the-art sensors, it can improve current
capabilities in space radiation monitoring. Its operation is
already demonstrated in a lunar fly-by mission [20].
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In recent years, CERN has developed a deep understand-
ing of radiation monitoring due to the harsh environment of
the large hadron collider (LHC). In particular, developing
and qualifying COTS-based monitoring systems that are
deployed in mixed-field radiation environments. It now
extends this knowledge to radiation monitoring in space,
by sending a newly developed and low power payload to
space with high-resolution in radiation monitoring. The
1U-CubeSat CERN latchup and radmon experiment student
satellite (CELESTA) was developed in the period between
2016 and 2020. It was based on CERN qualified COTS
components and has been qualified and validated in CERN
high energy accelerator mixed-field facility (CHARM) [21],
[22]. After the satellite launch in July 2022 [23], containing
the first version of the SpaceRadMon, three limitations to
the satellite and payload were identified, which have now
been improved in the next generation payload.

One of the limitations of the payload in the satellite was
the RADFET, whose resolution was not high enough for the
requirements that were set. A second limitation is the mea-
surement of the higher energy particles. A phenomenon that
is known as “error bursts” exists on the CY62157EV30LL
SRAM, resulting in a rapid increase in the amount of SEUs
measured by the sensor. The bursts were caused by micro-
latchups generated in the die during the process of reading
and writing. This phenomenon was observed in previous
studies [24], [25], [26] where a mitigation scheme has been
proposed, however, this technology was not mature enough
to deploy during the development of CELESTA. Hence,
this mitigation proposal was not yet implemented for this
mission. Apart from those two limitations, the challenge
of power consumption has also been improved in the new
payload. The improved lower power consumption makes
the system more versatile for longer term missions and has
a positive impact on the system’s lifetime. An extremely
low-power payload was developed by CERN specifically
for these characteristics and to increase the knowledge on
this topic.

Based on current state-of-the-art improvements and ex-
perience gained from the CELESTA mission, CERN is
now preparing for the next mission related to monitoring
radiation effects in space. The SpaceRadMon-NG is a mod-
ular CubeSat payload that will fly on a low Earth orbit
(LEO) mission called radiation effects during in orbit flight
experiment (RADIOX) mission, part of the SYNDEO-1
satellite operated by ISISPACE. The sensors and compo-
nents used on the payload are mainly COTS. The payload
will measure the TID using the FGDOS and the high en-
ergy hadron (HEH) fluence using CY62157EV30LL and
IS61WV204816BLL COTS static random access memo-
ries (SRAM). Specifically for this mission, the payload’s
sensor board is equipped with experimental custom 180 nm
complementary MOS (CMOS) SRAM devices allowing
adjustable sensitivities that will be used to measure the
HEH fluence [27]. In future missions, this can be adjusted to
other sensors due to the payload’s modularity. This article
will present a new generation payload solution with en-
hanced low-power requirements and sensitivity in radiation

TABLE I
Characteristics of the SpaceRadMon-NG Payload for the RADIOX

Mission Configuration Compared to the Previous Version of the
Payload

Fig. 1. High level flow diagram of the SpaceRadMon-NG payload’s
main components for the RADIOX mission configuration. The power
requirements are as follows: the FPGA operates at 1.2 and 3.3 V, the

MCU and COTS SRAMs at 3.3 V, the ASIC SRAMs between 0.4 and
2.2 V (adjustable), and both the FGDOS and temperature sensor at 5 V.

monitoring. After a first description of the hardware and
firmware, there will elaborate on the novelty of overcoming
CELESTA limitations. Subsequently, the qualification and
validation campaigns performed are explained, of which
the methodology can be extended to any type of payload,
CubeSat, or smaller satellite. Finally, the methods and re-
sults of a new characterization of the FGDOS in a space-like
environment will be discussed.

II. PAYLOAD ADVANCEMENTS

Compared to the current state-of-the-art sensors and
experience gained from the CELESTA mission, certain
solutions have been implemented on the new payload. In
the following paragraphs, the novelty in terms of hardware
and firmware will be presented. It will allow the platform
to guarantee stricter low-power requirements, improved
reliability, and enhanced sensor performance. The charac-
teristics of the payload are summarized in Table I, where the
new payload version for the RADIOX mission is compared
to the previous version of the SpaceRadMon.

A. Hardware

The system design has been divided into two separate
modules, the main-board and the sensor-board. This de-
sign was chosen rather than a single board, to increase
system versatility. This allows for an easy exchange of
the sensor-board, ensuring high flexibility with changing
mission requirements with easy integration. The high-level
flow diagram of the payload can be seen in Fig. 1, where
the two boards and their main components are depicted.
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Fig. 2. Photograph of the SpaceRadMon-NG payload from the top for
the RADIOX mission configuration.

A photograph of the actual payload can be seen in Fig. 2,
showing the stacked boards.

As depicted in Fig. 1, the different voltages required by
the system are provided by a power distribution subsystem
consisting of different power regulators. The core of the
system is a low-power COTS field programmable gate array
(FPGA) by Microchip, namely the ProASIC 3 L. It features
the possibility of clock gating its internal design through
the toggling of a single pin, which can significantly reduce
the dynamic power consumption of the overall system. The
FPGA interfaces directly with some of the sensors and the
microcontroller unit (MCU) [28]. This combination repre-
sents one of the major novelties with respect to the payload
on CELESTA: the discrete analog-digital converter (ADC)
has been replaced by a low-power, high-performance ARM
Cortex-M0+ 8-bit-based flash MCU. The MCU contains an
embedded ADC, guaranteeing higher radiation tolerance,
low-power mode capabilities, and even higher flexibility.
Thanks to the different peripherals embedded, it can easily
interface with any sensor type, resulting in more freedom
when designing the sensor board. This is an improvement
over the previous design, where resource constraints on
the FPGA limited the design options of the sensor board,
reducing the versatility. The use of both an FPGA and an
MCU allows an optimal distribution of tasks: the FPGA
handles high-speed, parallel sensor interfacing and memory
sensor access (e.g., for the SRAM burst detection), while the
MCU provides low-power serial interfacing, mixed-signal
sensor readout, ADC functionality and supervisory control.
This hybrid architecture balances flexibility, power effi-
ciency and robustness in a radiation-tolerant design. At the
same time, the lower cross-section of an FPGA, compared
to a microprocessor, ensures higher dependability during
operation without the need for external intervention. This
solution allows the use of more sensitive parts, such as

microcontroller units (MCUs), in radiation-prone environ-
ments without compromising system performance.

The default sensor board contains two COTS SRAM
devices (CY62157EV30LL and IS61WV204816BLL) and
two custom slots. For the RADIOX mission, these slots will
be filled by two custom SRAM devices (developed at KU
Leuven with adjustable voltages of 0.4, 0.8, 1.8, or 2.2 V for
adjustable sensitivities). Additionally, there is an FGDOS
chip (FGD-03F-Z) and one temperature sensor. The FPGA
on the main board interfaces directly with the COTS SEU
sensors (SRAMs) and the custom slots, whereas the inter-
facing to the FGDOS and temperature sensor is performed
through the MCU. The payload communicates externally
with the satellite mainframe using the I2C protocol. On
the same connector, another two available pins are used to
provide the 5 V input and the clock gating.

The power consumption of the payload was measured
after system integration using a laboratory source/measure
unit (SMU) with logging capabilities and external current
sensing, under mission-representative operation. Measure-
ments were taken during idle and power-save modes, result-
ing in 63.5 and 45.0 mW, respectively. These figures reflect
real hardware performance, including the operation of all
sensors and communication interfaces.

B. Firmware

The firmware of the payload is divided between the
FPGA and C-code on the MCU. The firmware architec-
ture on the FPGA is structured by means of finite state
machines (FSM). The following FSMs are implemented in
the FPGA for RADIOX: main controller, MCU controller,
SRAM controller, SRAM180 controller, Flash-Freeze man-
agement, SPI, and I2C. The main controller serves as the
central FSM, initiating SPI communication to the MCU and
taking care of memory readout operations. It acts as an
event handler and synchronizer, coordinating the activity
of the other FSMs based on system states and external
triggers. The MCU controller manages the data retrieval
of the FGDOS, temperature and voltage sensors on the
payload and sends them to the implemented SPI block.
The SRAM controller manages the data acquisition of the
CY62157EV30LL and IS61WV204816BLL sensors. The
SRAM180 controller takes care of the data retrieval of
the custom SRAMs by KU Leuven. This controller can be
exchanged for another one when there are different sensors.
The flash-freeze management handles the sleep mode of
the FPGA to save power. The SPI and I2C modules are
used to take care of the communication between the MCU
and FPGA, as well as between the FPGA and the external
on-board data handling (OBDH) computer.

Various mitigation techniques have been implemented
on the FPGA. The triple modular redundancy (TMR) mit-
igation technique is applied to both registers and internal
RAM to keep the core radiation tolerant; it was auto-
matically deployed by a commercial synthesis tool and
verified with proton radiation tests during the prototype
phase. Libero from Microchip was used for the synthesis
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and implementation of TMR. Additionally, a burst detec-
tion firmware was implemented for the CY62157EV30LL
SRAM to mitigate SEU bursts in the sensor. This burst
detection firmware was based on a previous proposal for the
RadMon V6 [25] and has been implemented using alternat-
ing block addressing. When a location of the memory is ad-
dressed to check for a burst, the rest of the SRAM is kept in
data retention and held at a lower voltage than the operating
one. Linear addressing is used where blocks are constantly
switched, therefore, memory cells are alternatively active
and under less stress. This reduces the effective duration of
micro-latch-ups and prevents another phenomenon known
as “column SEU bursts” seen in a previous study [29] caused
by the induced cell stress due to the detection algorithm
implemented. Assuming the set of SRAM blocks Bn where
n = 0...63, the memory was divided into a left part n = 0...31
and a right part n = 32...63. Starting from the first block,
the SRAM is accessed in an alternating manner, giving two
detection windows. When the SEU threshold set is reached
in one of the detection windows, a burst is detected. The
modifications to the algorithm give an increase of 5% of the
FPGA resources, which is acceptable for the mitigation it
brings. In addition, the disabling of the detection window
after detection is turned off allows for full scanning of the
memory.

The MCU applies the same mitigation techniques used
in the BatMon application [30] to guarantee higher relia-
bility under radiation and, in the event of certain types of
failure, to be able to restore the full settings of the MCU
without FPGA intervention, such as an internal software
watchdog based on the real-time clock peripheral and pro-
tection against misconfiguration of critical peripherals [31].
When an error occurs that cannot be detected by these
mitigation schemes, the FPGA resets the device acting
as an external watchdog. To mitigate SEEs in the MCU
SRAM without impacting the performances, software TMR
is applied to critical variables such as measurements. For the
latter, they are stored in the MCU’s internal flash memory
to ensure greater reliability under radiation and to prevent
loss of information in the event of a reset or power cycle.

III. PAYLOAD QUALIFICATIONS

This section will elaborate on the payload qualifications
that have been performed to ensure its operation once in
orbit, elaborating on the methods used and the results ob-
tained. The tests performed were a series of mechanical and
screening tests by KU Leuven, and radiation tests according
to RHA procedures [32], [33] by CERN. The qualification
procedures will also demonstrate the functionality of the
device in operational-like environments, meaning that if the
qualifications pass, the device will be mature enough for its
next step: demonstration in orbit during two missions.

A. Mechanical

Screenings have been performed for the system to
ensure durability and reliability during missions, such as
thermal cycling, electromagnetic compatibility (EMC), and

shock and vibration tests. During testing, both structural
integrity and electronic functionality were monitored using
a built-in self test.

During thermal cycling, the system was cycled from
−20 ◦C to 50 ◦C. In total, five cycles were performed. These
operating temperatures resemble the mission temperature
profile in orbit with additional margin.

Vibration tests were performed at the KU Leuven Noise
and Vibration Research Lab (LMSD). The test requirements
were defined by Arianespace based on the expected vibra-
tions of the Vega-C launcher. The electromagnetic shaker
can provide open loop and closed loop stimuli and has
system identification to reduce any system/mass related
impact. The shaker is 1-D so all tests were repeated for each
axis. An accelerometer is mounted on the frame to monitor
the acceleration and provide feedback to the vibration loop
controller. At the end of the vibration tests, an additional
visual inspection was performed on the payload to check
for loosening of the bolted connections. A first test was
performed to survey the first resonance frequency of the
payload. The measured frequency range was 5 to 2000 Hz.
The lowest resonance peak was measured at 343 Hz. Sine
vibration from 5 to 125 Hz was performed as well as random
vibrations up to 14.1 GRMS. Additionally, 15 G sine bursts
and 500 G shock tests have been performed. Each axis
was evaluated independently. No electronic nor mechanical
failures were observed after the mentioned tests.

EMC qualification was performed at KU Leuven FMEC
lab in Brugge, according to the MIL-STD-461 G standard.
Conductive emission results pass the CE102 specification
with a maximum emission of 53 dbμV. Radiative emission
measurements initially did not meet the RE102 mask at
24 MHz. This is the third harmonic of the main system
clock (8 MHz). After debugging the test setup using hand-
held electromagnetic interference (EMI) analyzers, it was
found that the 3 m power cables were causing the radiative
emissions and not the payload. The tests were repeated with
a short supply cable of 20 cm, instead of the initial 3 m.
The emission was then significantly reduced and fell well
within the RE102 mask. Such wiring is also realistic in the
final payload. Radiative immunity was verified by emitting
towards the payload according to the RS103 specification.
During these tests, a self-check is performed to validate
if the payload functions properly. During the test, a probe
was placed next to the payload to verify the emitted power
real-time. The payload functioned nominally without any
abnormal behavior.

B. Radiation

Different approaches to RHA of electronics systems
for space applications have already been proven success-
ful [34], [35]. For this application, CERN’s general RHA
procedures are applied to ensure operation in space [32]. It
involves two levels of radiation qualification, first for com-
ponents and subsequently on a system-level. Component
screening is carried out at the Proton Irradiation Facility
(PIF) of the Paul Scherrer Institute (PSI) using a 200 MeV
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proton beam. This screening process is only passed by
components that meet the initial system requirements set
of 500 Gy. In the case of SpaceRadMon-NG, this qualifica-
tion phase was facilitated due to the components radiation
testing during CELESTA preparations, which met the sys-
tem requirements. Additionally, the new MCU that is used
was already qualified under radiation [30] and therefore its
characteristics were already known.

After the component proton beam testing, the full sys-
tem was tested at the Cobalt-60 (Co60) facility at CERN.
The system was tested for TID effects only, to evaluate if
the combined degradation of components due to only TID
would have an impact on the system. Thereafter, various
radiation campaigns were performed at PSI to evaluate the
lifetime of the system against all possible radiation effects
on electronics, and to test and evaluate the efficiency of the
mitigation scheme implemented in the MCU to cope with
single event functional interrupts (SEFI). In the latest test,
the system withstood 418 Gy without any degradation and
without showing any SEFI. The Poisson upper-limit of the
fault recoverable cross-section of the SpaceRadMon-NG
was evaluated considering the uncertainty (due to the low
number of event statistics) with a 95% confidence interval
and was determined at ≤ 8.58 · 10−12 cm2.

IV. SYSTEM-LEVEL VALIDATION

As part of the system-level tests in the RHA approach,
a test campaign at the CHARM facility was planned with
two main goals. The first goal was to verify and validate
the burst detection firmware which was added as mitiga-
tion in the FPGA for the error bursts introduced by the
CY62157EV30LL SRAM sensor. The second goal was
to demonstrate system operation and validate the system
sensors in a mixed-field radiation environment that has
similarities to space (on system-level) [33]. The CHARM
facility is required for the test of the burst detection firmware
as the particles in the facility require enough high energy to
induce SEEs and error bursts in the device. The validation
results of the test were positive and are presented in the next
sections.

A. Methodology

For this test, the SpaceRadMon-NG was placed on the
grid (G0) position in the CHARM facility. The test is a
system-level approach, to test all components simultane-
ously and to test their mutual cooperation. CHARM pro-
vides various test positions with different flux spectra. The
maximum HEH flux in the G0 position is 1.16 · 105 HEH
· cm−2·s−1 [36]. This position was chosen to accurately
study the behavior of the payload without a flux that is
too high and without destroying the payload. The payload’s
communication signals were connected to the patch-panel
in the facility through an Ethernet cable carrying the I2C
signal and the clock gating signal. A separate coax cable
was used to supply the power (5 V) from the patch-panel to
the payload. The signals and power can be accessed in the
control room above the facility. The power was supplied

Fig. 3. Close-up of a burst event at around minute 138.5 during one of
the radiation campaigns and the adequate compensation happening in the

algorithm.

by an SMU set to 5 V and 100 mA current limit. The
signals from the payload were picked up by a custom printed
circuit board (PCB) acting as master, which contained an
MCU and the required pull-ups for the I2C connection. The
data were then accessed through a serial connection to a
computer. This computer logged all data from the payload,
as well as the data from the PSU of the voltages and currents
consumed.

B. Error Burst Detection

The burst detection firmware showed its operation as
intended, statistically mitigating the bursts encountered dur-
ing operation. An example of the detection and mitigation
of such an error burst during one of the radiation campaigns
can be seen in Fig. 3. The FPGA reading is performed
around every 5 seconds, with the FPGA being in sleep mode
for 3 s in between readings. As seen in the figure, the algo-
rithm implemented (explained in Section B) is effective in
mitigating the error bursts. It implies that the sensor can be a
reliable measurement device when this mitigation technique
is implemented. The overall measurements of the HEH
fluence are to be validated based on the fluence determined
by the compensated SEU count and the reference sensor.

C. High Energy Hadron Fluence Measurements

The HEH fluence measurements of the CY62157
EV30LL SRAM are validated compared to the RadMon
V6 system [18], a well-proven radiation monitor already
used in CERN facilities. The results of this study can be
seen in Fig. 4. The figure shows the fluence determined
by the SEU count of the CY62157EV30LL sensor. The
cross-section used was determined in a previous radiation
campaign at the PIF. The figure highlights the difference
between the raw SEU count of the memory and its reference
(RadMon V6 memory), as well as the compatibility between
the compensated SEU count and the reference used. Con-
sidering the 30% RadMon V6 uncertainty [37], depending
on other experimental installations before the beam enters
the CHARM facility and from the accumulation of events,
the measurements can be considered compatible. The rela-
tive difference of the SpaceRadMon-NG measurement with
respect to the RadMon V6 is around 0.65% over a little
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Fig. 4. HEH fluence measured by the payload SRAM over time
compared to the fluence measured by the reference SRAM on the

RadMon V6.

Fig. 5. TID comparison between the measurements by the FGDOS and
the RADFET sensors.

less than two days and within the benchmark set, hence the
sensor is validated.

D. Total Ionizing Dose Measurements

The TID sensor on the payload is the FGDOS chip,
which contains two sensors able to measure the radiation.
For the performance analysis, the FGDOS is compared
to the current state-of-the-art RADFET integrated on the
RadMon V6. In Fig. 5, the results from both sensors can be
seen. Again, considering the RadMon V6 uncertainty and
that the relative difference of the FGDOS measurement with
respect to the RadMon V6 is on average 0.41% over a little
less than two days, the measurements can be considered
compatible and therefore are also validated.

The significant resolution increase is shown in Fig. 6,
where the first 30 min of the radiation campaign are pre-
sented. The resolution of the FGDOS is around 2 mGy,
whereas the resolution of the RADFET is much larger
(around 60 mGy) giving an approximate improvement of
30 times. The resolution would be even greater if no bias
voltage were applied to the RADFET. Previous studies [19]
showed that the dose range, or lifetime, of the RADFET is
longer by at least a factor of 2. However, as the FGDOS
expected lifetime is already longer than the full system
lifetime, this is not a useful characteristic.

Fig. 6. TID of the FGDOS and the RADFET zoomed in on the first
30 min of the test to highlight the resolution difference.

V. FGDOS CHARACTERIZATION

Additionally to the validation of the payload, a new
characterization of the FGDOS was performed using the
in-house Co60 facility at CERN. This section will explain
the methods used for the test and describe the results.

A. Methodology

The chip was characterized in a space-like environment,
meaning undergoing simultaneous irradiation and temper-
ature variations. The goal of the characterization was to
study the evolution of the temperature coefficient in this
type of environment, the sensitivity degradation and the
most effective compensating method for these temperature
effects [38]. The test was performed at a Co60 facility,
where the temperature of the sensor was managed by a
current-controlled Peltier module. The temperature profile
chosen was a sinusoidal curve ranging from 23 to around 67.
This higher profile was chosen to eliminate condensation
problems experienced in previous tests that went below
0 ◦C, while still having a variation rate that is representative
of space based on previous studies and measurements of
on-board avionics [39], [40], [41], including the CELESTA
mission. The general increase of this profile is still con-
sidered valid for the characterization, as the study purely
focused on the sensor response to temperature variation. The
period of the sinusoidal profile was chosen to be around 100
min, similar to the orbit duration of a satellite in LEO. For
the test, three custom PCBs were used. One of the boards
was the test board in active mode, undergoing temperature
variations. A second control board was also in active mode
but not undergoing temperature variations. A third control
board was in passive mode, also not undergoing temperature
variations. This setup was used to study the difference
between the temperature variations in active mode and
validate the active and passive modes on the control boards.
This methodology can be used in future characterizations of
other sensors for in space that can exhibit similar temper-
ature and radiation responses. It is especially interesting
for components that may have an enhanced degradation
when undergoing the simultaneous temperature variation
and irradiation or components that are highly dependent on
temperature.
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Fig. 7. Temperature coefficient evolution over the TID received of the
flat region between 40 ◦C and 50 ◦C, both for increasing and decreasing

temperatures.

Fig. 8. Sensitivity degradation of the sensor over the TID for the
different boards.

B. Temperature Coefficient Evolution

The evolution of the temperature coefficient can be seen
in Fig. 7. The temperature coefficient (ST ) is determined by
the change in sensor frequency ( fs) divided by the change
in temperature (T ), as seen in

ST = � fs

�T
. (1)

To study the evolution of the coefficient, the tempera-
tures around the middle region of the temperature profile
were taken since they have the most similar rates. The
figure shows, for both positive and negative temperature
variations of the FGDOS, that the temperature coefficient
is constant within the transparent part, indicating the confi-
dence intervals set at 95%.

C. Sensitivity Degradation

The sensitivity degradation was compared to what was
seen in a previous study on FGDOS degradation without
temperature variations [30]. From the test can be concluded
that the sensitivity degradation during temperature varia-
tions was close to identical to the previous study. The main
differences in sensitivity were caused by the initial sensitiv-
ity of the FGDOS sensors, which is a known characteristic
of the sensor. The results of this part of the characterization
can be seen in Fig. 8. It is seen that no distinction can be
made between the active control and passive control board.

Fig. 9. RPD of the TID received of the test board with different types of
temperature compensation methods and the ionization chamber. The

“Active test” line is the reference without any compensation.

The active test board shows different behavior due to the
temperature variations to which it is subjected. Focusing on
the general trend however, which is important for the longer
term, also shows indistinguishable degradation behavior
compared to both control boards and the previous study.
In the figure it is important to note that the device under test
(DUT) in this experiment had already received 82.5 Gy,
meaning the start of the degradation curve is slightly later
than as seen in [30].

D. Temperature Compensation Methods

For the compensation of the temperature effects, three
methods were investigated. Method 1 was based on the
temperature coefficient, where the relation of the frequency
to temperature was used to directly compensate for the
effects. This method can be used because it was found that
this coefficient stays constant over the dose received. This
temperature coefficient, the same as in (1), was determined
for the FGDOS using dry-runs. The coefficient was then
used to determine how much sensor frequency compensa-
tion is required for the measured change in temperature.
Method 2 was based on the reference frequency of a twin
MOSFET that is not susceptible to TID like the floating
gate, however, responds to temperature variations simi-
larly [42]. The change in reference and sensor frequency
due to temperature variations was characterized, for which
the same FGDOS under test was used. A coefficient (S f )
was determined that models the behavior of the reference
frequency ( fr) with respect to the sensor frequency when
undergoing temperature variations, seen in the following:

S f = � fs

� fr
. (2)

Method 3 was the same as Method 2, but the characterization
from another FGDOS was used for the calculation of the
required compensation. The same coefficient as in (2) was
used. The results of the test can be seen in Fig. 9, where the
TID is compared to the ionization chamber calibration.

Additionally to the tests, a new phenomenon was ob-
served during the thermal dry-runs of the test set-up. While
the device was undergoing temperature variations when the

DIJKS ET AL.: DESIGN, VALIDATION, AND CHARACTERIZATION OF CERN’S SpaceRadMon-NG CubeSat PAYLOAD 15789



Fig. 10. Probability of self-recoverable failure is depicted for various
orbits lasting 1 year with a shielding of 2 mm.

sensor frequency was close to the recharge threshold, the
temperature effect could induce a recharge. This observa-
tion was made without any radiation involved and could
have accuracy implications in operation like the sensor
being discharged or recharged outside of the linear region
of the sensor.

It can be concluded that both Method 2 and Method 3
work extremely effectively with a relative percent differ-
ence (RPD) smaller than 1% with respect to the ionization
chamber used as reference. Method 1 seems to only dampen
the effect of the temperature variations slightly, and it is
hypothesized that this method could improve when using
more accurate temperature measurements. Since Methods
2 and 3 are so close, it implies that the individual reference
frequency characterization in Method 2 is not necessarily
needed and Method 3 can be used to save time and effort in
the future.

VI. PAYLOAD DEPENDABILITY

The OMERE 5.6 tool suite [43] was used to calculate the
expected fluence in the RADIOX mission orbit, compared
to other recognizable orbits such as the International Space
Station (ISS) and CELESTA (the precursor mission). The
RADIOX mission orbit has an approximate semimajor axis
of 6939.5 km, an inclination of 97.7◦, and an eccentricity
of near zero. For the analysis, a shielding of 2 mm was
taken with a mission life-time of one year. With the data
obtained and the cross-section estimated in Section B, it is
possible to estimate the probability rate of the system failure
for the RADIOX mission using the homogeneous Poisson
process (HPP), as has been done in [30]. This process
considers a constant failure rate and independence between
each failure. In Fig. 10, the probability of a recoverable fault
occurring on the payload is depicted for each mission. The
expected fluence for RADIOX in one year is 9.22 · 109 HEH
· cm−2. Considering the fluence expected in this mission,
the probability of having 1 recoverable fault in one mission
year is <7.3%. The orbit of the ISS (LEO) and CELESTA
mission (MEO) have been depicted as references. Using
the same mission life-time in the ISS orbit, the expected
fluence during operation is 4.94 · 108 HEH · cm−2. In this
case, the probability of having 1 recoverable fault in one

mission year is < 0.4%. Finally, considering the original
orbit for which CELESTA was designed with a semimajor
axis of 12212.2 km, inclination of 70.0◦, and eccentricity of
nearly 0, where the expected fluence over the same mission
life-time is 1.84 · 1011 HEH · cm−2. Under these conditions,
the probability of experiencing at least one recoverable fault
in one mission year rises significantly (<32.6%).

It must be remembered that the SpaceRadMon-NG
never exhibited any crashes during the PSI tests, and the
cross-section considered was obtained using the Poisson
process with 0 events. These failure rates have been evalu-
ated considering the possible existence of a low-probability
failure rate with a cross-section equal to that defined in
Section B (worst case scenario). According to the test, this
less probabilistic failure may not occur, and the platform
should guarantee high reliability in its future use. However,
in case it would, the functionalities could be restored by the
OBDH through software (I2C command), hardware reset,
or power cycling.

VII. CONCLUSION

The study highlights the extensive capabilities,
qualifications, validations, and characterizations of the
SpaceRadMon-NG payload and its sensors for space appli-
cations. The enhanced capabilities of the payload compared
to the state-of-the-art are demonstrated, indicating its high
versatility and ability to satisfy low-power requirements.
Unique procedures and methodologies used by CERN for
space applications were employed for successful qualifi-
cations and validations of both firmware and hardware,
ensuring reliable operation of the payload. It ultimately
resulted in the determination of the device cross-section,
that being ≤ 8.58 · 10−12 cm2 at the upper bound of the
95% confidence interval.

The COTS SRAM sensors used for HEH detection
demonstrated excellent agreement with a qualified refer-
ence device, showing a relative difference of approximately
0.65% after compensation when compared to the RadMon
V6 system. Similarly, the FGDOS sensor used for TID mea-
surements exhibits a relative difference of around 0.41%
with respect to the RADFET reference device. These results
confirm the viability of COTS SRAM and FGDOS sensors
as accurate and reliable radiation monitors, when supported
by appropriate mitigation techniques. Nonetheless, the use
of COTS SRAMs comes with limitations, including sen-
sitivity to SEU bursts and micro-latchups, which require
careful firmware-level handling. While the SRAMs were
not characterized for temperature effects in this work, their
behavior under irradiation and in representative operational
modes demonstrates that they are a cost-effective and flex-
ible option for space radiation monitoring when resource
constraints are present.

A new characterization of FGDOS was conducted. The
evolution of the temperature coefficient remains unchanged
when irradiated, and the degradation of sensitivity exhibited
indistinguishable behavior relative to its benchmark. These
results imply that no additional compensation is necessary,
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apart from the general temperature compensation of the
frequency. The best method for this compensation was
found to be the reference frequency method, where the
accuracy is within 1% for the tests performed, no matter
if the FGDOS being considered was characterized or not.

The payload will measure TID and HEH fluence in LEO
on-board the RADIOX mission, part of the SYNDEO-1
satellite. The SpaceRadMon-NG payload can greatly en-
hance the understanding of the radiation environment in
space, surpassing the current state-of-the-art knowledge on
this topic. The results of the space missions will validate the
CHARM as a system-level radiation test facility for space
missions, leading to more accurate and efficient testing,
qualification, and validation procedures. Furthermore, there
are many possible future applications of the payload avail-
able due to its sensor versatility. It could also be employed
to measure radiation levels and anticipate radiation effects
on constellations. This information can then be compared
with the knowledge of the satellite subsystems, so that
maintenance and renewal of individual satellites in the con-
stellation can be predicted. This operation would also give
additional data on current space weather with extremely fine
resolution.
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