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Abstract

Space radiation represents one of the main obstacles for space exploration, therefore it is essential to
study the space radiation environment and its effects in electronic and biological systems. However, most
of the current equipment for radiation measurements are relatively expensive, thus there is a necessity of
low-cost detectors that can make precise measurements of the radiation environment.

In this work, several low-cost components were studied, in order to be able to identify which can be
used as radiation detectors on space missions. For testing, the components were embedded in a carrier
board, and irradiated up to a 100 kRad dose with a Cobalt-60 source in Campus Tecnológico Nuclear
(CTN). The board also allowed to interface the components with a characterization system, a Keithley
unit.

It was observed the existence of an exponential relation between the dose and saturation current of a
MOSFET, both P and N channel, a linear relation between the dose and dark current of a CCD, and no
apparent relation between the chosen OP-AMPs and photodiodes.
Keywords: Commercial Off The Shelf Components, Low Cost Radiation Detectors, Irradiation, Total
Ionizing Dose, Radiation Effects on Semiconductors

1. Introduction
Space exploration is a fundamental part for the
progress of our society. While the common folk
may be unaware, multiple applications from com-
munication to navigation were only possible due to
advances in space research.

The space radiation environment presents itself
as one of the the main obstacles for space ex-
ploration. The risks that radiation represents af-
fect directly the mission planning, and therefore the
knowledge of these values, during every phase of
a mission, is essential. As our presence in space
and its exploration tend to increase, space radia-
tion becomes an important obstacle to overcome.

While the combination of certain conditions can
make it exceedingly hard for continuous instrument
operation, radiation can hasten the degradation of
EEE components and lead to partial or total failure
of instruments.

For unmanned missions, cost plays a huge role,
therefore new and more viable strategies are re-
quired in order to ensure a high quality space re-
search at a lower price. A possible strategy, for
developing more cost efficient missions, is through
the implementation of high quality COTS compo-

nents, which are known for being very cheap for
the high quality that they present. However, some
of their disadvantages are due to the fact that there
is still little information about their tolerance to the
radiation found in the space environment, since it
is expensive to qualify them and the fact that since
they’re commercial, they may behave slightly differ-
ent depending on how and where they were man-
ufactured.

This work seeks to develop a cheap test system
(or at least a proof of concept) for monitoring of
space radiation, that can measure the TID during
flight, and developed using COTS technology, in
order to be able to fly in a Cube Sat.

Unlike other works, the test system will integrate
several different components (MOSFET, Photodi-
ode, CCD, OP-AMP), in order to have some redun-
dancy. The MOSFET will measure the dependency
of the saturation current with the dose rather than
the threshold voltage, the photodiode will check
the saturation currents for any permanent radiation
damage rather than small pulse measuring during
irradiation, for the CCD it shall be measured the
dark current and average pixel voltage instead of
individual pixel analysis, and for the OP-AMP the
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input offset for both voltage and current will be
measured in a voltage follower circuit rather than
a frequency response analysis.

2. State of the Art

Currently there are studies on several COTS com-
ponents that could be used to detect radiation, the
most notable being CCDs, MOSFETs and photodi-
odes.

For MOSFET components, their response to dif-
ferent values of absorbed radiation doses are pre-
sented in [1, 2], where there is a noticeable degra-
dation of the threshold voltage, leakage current
and most importantly, a shift of the i-v curves. Ac-
cording to [3], radiation damage causes dark cur-
rents and shifts their i-v plots, which is one of the
parameters to measure the TID the component has
absorbed. According to their research, CMOS has
less background noise than CCDs, however they
are less sensible to the increase of TID, being more
radiation resistant. The background noise results
from only a part of the radiation’s energy being
transferred to the electron by the Compton effect.

There is also the RADFET, a type of MOSFET
with enhanced thickness of the SiO2, that allows
the monitoring of radiation, with a small volume,
simple circuits, low power and gives a DC output
as analyzed in [4]. They are based on the principle
of converting threshold voltage shifts into absorbed
dose. However, like the normal MOSFET, they are
temperature sensitive and vulnerable to neutrons.

Photodiodes present a better sensibility when
compared to other devices, due to their fast re-
sponse, high ruggedness and small dimensions,
and the low energy required to produce EHP, how-
ever, their output current is very small. Alpha par-
ticles and low energy beta particles are blocked by
the plastic encasing, while the gamma rays and
high energy betas will pass through and create the
EHP in the diode’s depletion layer. If it’s being ap-
plied a voltage, the charge carriers will be drawn
away and result in a small current pulse. There
are mainly two different types, the PIN and the PN
diode, where the former has an extra layer, with a
lightly N-doped region (intrinsic region), which re-
sults in a wider depletion layer, allowing a greater
volume of semi-conductor that can interact with the
radiation. A prototype can be seen in [5]. The TID
will also increase the dark current in a photodiode,
however, according to [6], there are no significant
effects for values below 500 Gy.

Another alternative could be the use of OP-
AMPs ([7, 8]), since radiation can also affect some
of their parameters, such as frequency responses,
slew rate, closed loop gain, offset input voltage and
current and others.

3. TID Effects in Semiconductor Devices
Firstly - EHP are produced in the intrinsic area and
depletion region due to the ionization of electrons,
from the valence band of a material to the con-
duction band. The number of EHP is proportional
to the deposited energy of the incident radiation.
Secondly, some of the generated EHP recombine
rapidly after their generation (order of the picosec-
onds). The electrons and holes that did not re-
combine, will be transported in direction of the ox-
ide/semiconductor interface in the presence of an
electric field, which can then be measured.

It requires only 3.6 eV energy to produce an
EHP, being very low compared to 35 eV in gas ion-
ization chambers and 1000 eV to generate a pho-
toelectron in a photomultiplier. As such, there’s a
higher energy resolution.

To improve their electrical conductivity, their
bandgap width can be shortened by addition of im-
purities known as doping. These impurities can be
defined as donors, when they have more valence
electrons than the semiconductor material, or ac-
ceptors, should they have less. Donors populate
the conduction band with electrons, which pushes
the Fermi level away from the valence band (n-
type), while acceptors contribute with holes, which
puts the Fermi level closer to the valence band (p-
type).

3.1. TID Mechanisms in MOS Devices
TID effects represent the damage associated with
the accumulated dose of ionizing radiation by a
material, so it can be seen as a long-term effect
of radiation. It is considered as the main mech-
anism of cumulative radiation damage in charge-
based technologies.

It has more impact on materials like oxide in-
sulators, like SiO2, since they have very low con-
centration of free charges compared to conductors
and semi-conductors, making insulators’ electrical
properties more susceptible to modifications when
facing ionizing radiation.

During the transport of the non-recombined
holes and electrons, protons are released due to
interactions between the holes and hydrogen con-
tained in oxide defects. Some of the holes will be
trapped in long-term trapping sites near interface
and oxide bulk, leading to the formation of posi-
tively trap charges.

These radiation-induced effects cause shifts in
the threshold voltages, increase the noise and
degradation of devices, due to the buildup of local-
ized potentials. Other parameters affected are the
decrease of transconductance, increase of leak-
age currents and reduction of drain-source break-
down voltage.

The threshold voltage shifts depend mainly on
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the gate SiO2 thickness. The position of the built-
up charges depend on the gate voltage, therefore
the smaller the distance between the gate termi-
nal and the charge sheet, the lesser the additional
electric field is observed and less the threshold
voltage is shifted. Since the distance is greater for
the PMOS, because of the negative bias, it is more
radiation resistant than the NMOS as we can see
in Figure 1.

From TID assessment it is possible to infer the
amounts of ionizing doses that a device may with-
stand.

Figure 1: Simplified threshold-voltage shifts in MOS transistors:
contribution of oxide traps (ot) and interface traps (it) - Image
from ESA.

4. Space Radiation Environment
Since the main objective of this work is measuring
space radiation, it is important to know what types
of radiation are expected to find in space, their ori-
gin and characteristics.

GCR are extra-terrestrial particles, composed of
highly energetic and penetrating ions. While mostly
consisting of protons (85% to 90%) with energies
extending up to 1021 eV, there is also heavier nu-
clei, predominantly Helium (9% to 14%), all the way
up to Iron (<1%). This radiation is an isotropic
and continuous source that is inversely correlated
to the solar activity.

The Sun is constantly emitting radiation, the so-
lar wind, which is mostly comprised of protons and
electrons. These particles have low energy (100
to 3500 eV for the protons). Occasionally, ener-
getic particles are ejected by a solar eruption with
a large fluence rate. This is known as a SEP.
These events are caused by coronal mass ejec-
tions and solar flares. These phenomena acceler-
ate charged particles from the solar corona up to a
few Gev with very high fluxes, while emitting γ, X
and radio waves with high energies.

For low Earth orbits, where most of manned mis-
sions have occurred, the major source of radia-
tion comes from the VAB. It consists of energetic
charged particles held in a torus orbit around the
Earth by its magnetosphere. The outer belt (15000
km to 25000 km) is formed by electrons, while
the inner belt (1000 km to 6000 km) is composed
of both electrons and protons. Most of the par-
ticles on the outer belt come from the solar wind

and GCR, while the particles on the inner belt are
mainly comprised from the decay of neutrons re-
sulting from the cosmic ray interactions with our
atmosphere. In the heart of these radiation belts,
the radiation dose rate becomes very large and af-
fects electrical components. From [9], a maximum
radiation dose rate of 100 kRad/h for the external
VAB and a 100 kRad dose for an average maxi-
mum flare are then obtained.

In figure 2 we can see a summary of the fluence
rate of space radiation in function of its energy.

Figure 2: Overview of particle fluence rate of space radiation
and its energy [10].

5. Methodology
5.1. EEE Components
The samples were irradiated in a support board,
which doubles as an interface board for the mea-
surement of the parameters. A second board car-
ries the reference samples, which were not irradi-
ated.

It was used the software Altium Designer to de-
sign the schematics and PCB of the circuit, which
were subsequently sent to EuroCircuits for manu-
facturing and then manually welded in LIP.

For each type of components, the relevant pa-
rameters will be measured and obtained with a
Keithley SMU, using a LUA script for automated
measurements, with the focus on the understand-
ing differences between the electric parameters
before and after Co-60 irradiation.

In the following sections the relevant parameters
to be measured for each component type are iden-
tified. The components will be irradiated and mea-
sured at room temperature Tamb= 22±1oC. The list
of final components can be seen in table 1.

5.2. MOSFETs
The temperatures effects are reduced for a satu-
rated drain-source current, thus the measures will
be more focused on the saturation shifts. A sensi-
bility of the order of (mV/Gy) is expected, as seen
in [11].
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Component Type Component N. of unitsReference
A P-MOSFET TP2104 4
B N-MOSFET 2N7000 4
C Op-Amp LM358 5
D Op-Amp MCP6002 5
E Photodiode SFH229 5
F Photodiode OP950 5
G CCD TCD1304DG 1

Table 1: List of components to be tested.

5.2.1 Component A

Component A is a P-Channel MOSFET manufac-
tured by Supertex Inc. with the reference TP2104.
Our measuring parameter, the drain current, shall
be measured by setting the gate-source voltage to
a fixed value (-2V, -3V and -4V) and sweeping the
drain-source voltage from 0V to -5V. 3 units are to
be irradiated while 1 is to be used as a reference.

5.2.2 Component B

Component B is an N-Channel MOSFET manufac-
tured by Supertex Inc. with the reference 2N7000.
Our measuring parameter, the drain current, shall
be measured similarly to the previous one. By set-
ting the gate-source voltage to a fixed value (2V,
3V and 4V) and sweeping the drain-source voltage
from 0V to 5V. 3 units are to be irradiated while 1 is
to be used as a reference.

5.3. OP-AMPs
It will be analysed the variation of the offset input
current and voltage. A follower circuit is used to
minimize the current draw to it and also to have
another reference since on normal operations the
gain is 1.

5.3.1 Component C

Component C is a Dual Operational Amplifier man-
ufactured by Texas Instruments with reference
LM358. Our measuring parameters, the offset in-
put current and voltage, shall be measured by con-
necting the positive and negative power supplies
pins to a +5V and -5V power supply respectively,
and connecting both the non-inverting and invert-
ing inputs to a 5V power supply, and connecting
the inverting input to the output, while measuring
both the current and voltage’s evolution with time
at the inputs for a period of around 1 min. 4 units
are to be irradiated while 1 is to be used as a ref-
erence.

The LM OP-AMP is internally composed of 1
power-MOSFET, 2 diodes, 7 resistors, 51 transis-
tors and 2 capacitors.

5.3.2 Component D

Component D is a Low-Power Operational Am-
plifier manufactured by Microchip with reference
MCP6002. Our measuring parameters, the offset
input current and voltage, shall be measured ex-
actly the same as the previous component. 4 units
are to be irradiated while 1 is to be used as a ref-
erence.

5.4. Photodiode
It will be plotted an IV curve and analysed the sat-
uration currents, which will be compared to the ref-
erence results. The ”saturation current” for the re-
verse voltage is known as leakage current. It is
expected to observe a shift of those saturation cur-
rents.

5.4.1 Component E

Component E is a Silicon PIN Photodiode manu-
factured by Osram with reference SFH229. Our
measuring parameter, the output current, shall be
measured by sweeping the voltage of the pins A
and B from -2V to 2V for both a natural lighting
and dark environments. 4 units are to be irradiated
while 1 is to be used as a reference.

5.4.2 Component F

Component F is a Silicon PIN Photodiode manu-
factured by Electronics with reference OP950. Our
measuring parameter, the output current, shall be
measured by sweeping the voltage of the pins A
and B from -2V to 2V for both a natural lighting
and dark environments. 4 units are to be irradiated
while 1 is to be used as a reference.

5.5. CCD
5.5.1 Component G

Component G is a CCD Linear Image Sensor man-
ufactured by Toshiba with reference TCD1304DG.
Our measuring parameters, output current and
voltage, shall be measured by supplying 5V to the
digital and analog power supply pins, grounding
the ground pin, connecting the Shift Gate (SH), In-
tegration Clear Gate (ICG) and Master Clock (φM)
to a pulse generator to their respective pulses (SH
- 0.8MHz Burst, Delay 100ns, High 1.5V, Low 0V,
Width 1µs; ICG - 0.4MHz Burst, Delay 0ns, Ampl.
1.5 Vpp, Offset -750mV, Width 2.1µs; φM - 0.8Mhz),
while measuring both current and voltage’s evolu-
tion with time for around 20 seconds, for three dif-
ferent conditions: dark, environment light and dark
after light exposure (”dark 2”). Since there’s only 1
unit available, there’s no reference sample.

The minimum recommended frequency at which
this CCD works is 0.8 MHz. Since our measur-
ing equipment does not have a MHz sample rate
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(3.333 kHz maximum) it is not possible to measure
the pixels individually but rather to average the pix-
els over time.

5.6. Final Board
Adding all the above components into the board
and creating the tracks in a 2 layered board we get
the post-manufacturing board in figure 3.

Figure 3: Final board, after manufacturing and welding the
components, with 12cm x 9.4cm.

5.7. Radiation Tests
All components were to be irradiated without a bias
condition and its measuring parameters to be mea-
sured prior to the irradiation, in between radiation
steps and after the end of the irradiations. Due to
time constraints of the irradiation site it wasn’t pos-
sible to measure all the interesting electrical pa-
rameters, so only the main parameters referred in
last section will be focused upon for each compo-
nent.

5.7.1 Radiation Test Facility

The Co-60 tests were performed in a Portuguese
facility, IRIS located in CTN-IST (Campus Tec-
nológico e Nuclear) with appropriate quality control
and accurate standard dosimetry, using an ionisa-
tion chamber with a 10% or better precision, re-
specting the ECSS-22900.

The Cobalt sources, contained in cylinders and
deployed by the irradiation machine, were posi-
tioned sideways and considered to be isotropic
point-like sources. Due to their position, there is a
dependency with the distance to the source. In or-
der to minimize this effect, and to achieve a better
uniformity, the sample support should rotate inside
during the irradiation.

5.7.2 Co60 Irradiation

The components were irradiated using a Cobalt-60
radioactive source up to a Level of Interest dose of
100 kRad, the typical dose values of a maximum
flare with an approximate 90 kRad/hour dose rate,
which is around the 100 kRad/hour dose rates of
the VAB for an unshielded target.

The Co-60 is a preferred source for TID qualifi-
cation of EEE components for space use, due to
being empirically demonstrated that for the same
dose, they’re affected in a more pronounced man-
ner when compared to other radiation sources [12].
Thus, it is considered as a worst-case TID test con-
dition for components exposed to space radiation
environment.

The samples were irradiated in the carrier board.
There were two types of carrier boards, one for irra-
diation and one for reference. The irradiation board
contained all samples but one of a component type
to be irradiated in a specific condition, while the ref-
erence board contained one sample of each com-
ponent (except for the CCD), to compare with the
irradiated board and to verify any external factors’
influence (temperature for example).

The carrier board allowed two modes of opera-
tion: Measurement and irradiation. In the irradi-
ation mode the sample board, which had no bias
and was completely independent, was inserted in-
side the machine. In the measurement mode the
carrier boards are coupled to the measuring sys-
tem so that the measurements could be done ac-
cordingly.

The reference board was measured, for each
step, during the irradiation of the main board to find
if any variations or fluctuations of the parameters
were dependant on external factors.

5.8. Dosimetry
Dosimetry tests were made before the irradiation
of the components.

The test board was considered as a 12 cm di-
ameter and 1 cm high cylinder. Using an ionization
chamber FC65-P, and it was measured the dose
rate on both planes of the cylinder (base and top)
from the center to the edge while rotating.

It was also studied the shadow effects with a test
board. A 5% effect on a component 2 cm taller
component nearby was found. Since in the real
board the components are approximately the same
height, this effect was disregarded.

The average dose rates are seen in figure 4,
where the statistical measurement error was 2.2%.
By plotting the dose measured in each radius to
an inverse square function, we can then verify that
the effective dose rate is dependent on the radial
position of the sample, where we get the following
results in table 2.

a b c χ2

1703 79.79 -13.99 0.03061± 467 ± 1.27 ± 0.98
Table 2: Fitting parameters for an inverse square function, us-
ing the least-squares method.
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Figure 4: Fitting the dose dependency with the radius for a
function of the type D = a · (x+ c)−2 + b.

The resulting χ2 is very likely due to the overes-
timation of the errors, since by observing the figure
it is visible that the resulting fit is adjusted to the
data points. Also, it is to be noted that the Co-60
source was not in the same plane as the board but
slightly above.

In this work, the target doses represent minimum
values to be achieved. As such, it was taken as ref-
erence the lowest dose rate (at the center) to cal-
culate the exposure time. Consequently, the total
dose at the periphery was higher than the desired
one.

Measuring the components’ average distance to
the center, we can assign a radius to the corre-
spondent component. The CCD (G) is at 0 cm, the
OP-AMPs (C, D) are at 3 cm and the photodiodes
(E, F) and MOSFETs (A, B) are at the 4 cm radius.
In table 3 it’s summarized the used irradiation test
sequence.

Exposure
Time

Component
G C D A B E F

Total 3m27s 5.09 5.40 5.57
Dose 6m54s 10.18 10.80 11.14

(kRad) 17m15s 25.46 27.01 27.84
34m29s 50.93 54.02 55.78
68m58s 101.89 108.05 111.36

Table 3: Irradiation Test Sequence for each type of component.

6. Results
For each irradiation step the result was obtained
through a weighted average of the results of the
different irradiated samples. These results from the
irradiation steps were aggregated, after checking
its consistency, with the reference sample plotted
for comparison.

6.1. P-Channel MOSFET (TP2104)
In order to establish the saturation drain current,
ID, a weighted average was applied to the data
points of the interval -4V to -5V.

In figure 5 it is shown the evolution of the satura-
tion current with the irradiation level for VGS equal
to 2, 3 and 4 Volts, respectively.

The reference presents no notable fluctuations.
Moreover, there seems to exist a correlation be-
tween a higher VGS and a higher fluctuation due to
external parameters.

The data presents an evolution more pro-
nounced for lower dose levels and a higher satu-
ration effect at higher dose levels.

This evolution was modeled using an exponen-
tial of the type ID = -k em·x + o, fitted to the data
using the least-squares method. The obtained re-
sults can be seen in table 4.

From those results, it can be concluded that this
component can be used as a dosimeter.

While it has the better χ2, there is a faster sat-
uration with the dose for the 2V VGS , which limits
its use to lower doses. While the other two do not
present the same problem, it is necessary to in-
crease the gate-source voltage in order to be able
to measure a saturation current for a higher dose,
which in turn, increases the susceptibility to exter-
nal factors and the measurement errors.

VGS k (·10−4) m (·10−4) o (·10−4) χ2

2V 302.3 -868.9 1.710 1.100±2.7 ±19.3 ±1.676

3V 1221 -271.9 -184.1 3.230±33 ±19.4 ±18.2

4V 1589 -219.7 -1231 0.2905±20 ±8.4 ±20
Table 4: Fitting parameters for ID = -k em·x + o, using the
least-squares method.

7. N-Channel MOSFET (2N7000)
For the 2V VGS , the saturation current was ob-
tained by a weighted average of the data points
of the interval 3V to 4V. For the other voltages, it
was not possible to obtain a saturation current for
all steps due to the 0.4A equipment limit, therefore
a point at VDS = 2V was selected for the VGS = 3V
and a point at VDS = 1.8V was selected for the VGS

= 4V.
In figure 6 it is shown the evolution of the satura-

tion current with the irradiation level for VGS equal
to 2 and 3 Volts, respectively.

The reference presents no notable fluctuations.
As before, there also seems to exist a correlation
between a higher gate-source voltage and a higher
fluctuation due to external parameters.

The results from the 4V VGS can then be dis-
carded due to the fact that the I-V curves for the
6 steps all saturate at the equipment limit of 0.4A
and their values at the 1.8V VDS do not seem to
present any meaningful correlation.
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Figure 5: P-Channel MOSFET’s saturation current vs dose and
reference values.

The data presents an evolution more pro-
nounced for lower dose levels and a higher ”sat-
uration” effect at higher dose levels due to the 0.4A
current limit.

This evolution was modeled using an exponen-
tial of the type ID = -k em·x + o, fitted to the data
using the least-squares method. The obtained re-
sults can be seen in table 5.

From those results, it can be concluded that this
component can be used as a dosimeter for low
VGS . For higher voltages, it could be possible to
use as a dosimeter by adding a resistor in order to
decrease the currents to lower values that do not
damage the components and to be able to observe
the saturation currents.

There is a faster saturation with the dose for the
VGS higher than 2V, which limits its use to lower

doses for higher VGS . Contrary to the previous P-
Channel, by decreasing the VGS , we can measure
with higher accuracy, decreasing the susceptibility
to external factors and avoiding component dam-
age.

Figure 6: N-Channel MOSFET’s saturation current vs dose and
reference values.

VGS k (·10−3) m (·10−3) o (·10−3) χ2

2V 407.2 -8.062 424.4 5.217±86.9 ±2.158 ±87.2

3V 179.1 -35.94 376.1 1.030±5.3 ±2.72 ±5.3
Table 5: Fitting parameters for ID = -k em·x + o, using the
least-squares method.

8. Dual and Low-Power Operational Amplifier
(LM358 and MCP6002)

In figures 7 and 8 it is shown the evolution of the
offset input current and voltage, respectively, with
the irradiation level, for both OP-AMPs.

Observing the previous figures, we can verify the
importance of the reference sample, since it is very
similar to the measured results. We can then con-
clude that this variation of offset input current and
voltage is not dependant on the dose but rather on
the external factors, and that they’re merely fluctu-
ations.

From those results, it can be concluded that both
these components cannot be used as a dosimeter
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under this conditions for these electrical character-
istics and setup.

Figure 7: LM OP-AMP average offset input current and voltage
vs dose plot and respective reference values.

9. Silicon PIN Photodiode (SFH229)
This component presents no notable results except
for the left saturation current (leakage current) for
the light case (figure 9), which was obtained by a
weighted average of the data points of the interval
-1.5V to -2V. However, by comparing it with the ref-
erence, the apparent variation is of the same order
as the fluctuations (except for the last step). While
it can be seen a similar effect in the left saturation
current for the dark case, it is of the order of the
dark current (10−11 to 10−10 A).

Thus, the SF photodiode’s saturation currents
seem to be independent of the dose. From those
results, it can be concluded that this component
cannot be used as a dosimeter, at least for these
doses. For its utility as a high dose dosimeter more
tests with a higher dose should be performed.

While the irradiation machine did not allow it, it
could be interesting to evaluate the measures with
the component biased in order to collect the semi-
conductor generated charge during the irradiation.

10. Silicon PIN Photodiode (OP950)
This component presents no notable results except
for the right saturation current (leakage current) for
the light case (figure 10), which was obtained by a
weighted average of the data points of the interval
1.5V to 2V. However, just like the previous one, by

Figure 8: MCP OP-AMP average offset input current and volt-
age vs dose plot and respective reference values.

comparing it with the reference, the apparent vari-
ation is of the same order as the fluctuations. As
before, while it can be seen a similar effect in the
right saturation current for the dark case, it is lower
than the order of the dark current (typically 10−9

A).
Thus, the OP photodiode’s saturation currents

seem to be independent of the dose. From those
results, it can be concluded that this component
cannot be used as a dosimeter, at least for these
doses. For its utility as a high dose dosimeter more
tests with a higher dose should be performed.

Like before, it could also be interesting to evalu-
ate the measures with the component biased in or-
der to collect the semiconductor generated charge
during the irradiation.

11. CCD Linear Image Sensor (TCD1304DG)
With only one sample it was not possible to have a
reference sample, but several measurements were
made prior to the irradiation to check for fluctua-
tions.

A linear relationship in the dose plots can be
observed, and thus by fitting the average output
current with the dose by using the least squares
method, the following results are obtained in table
6 and figure 11. It is noticeable how similar the
fits are, which implies that the output current (dark
current) does not depend on the light conditions.

As expected, due to the low sampling rate of
the measuring equipment, it was not possible to
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Figure 9: Left saturation current for the SF photodiode, in the
presence of light, dose plot and respective reference values.

Figure 10: Right saturation current for the OP photodiode, in
the presence of light, dose plot and respective reference values.

measure neither individual pixels nor their average
value as seen in the voltage plots.

From those results, it can be concluded that this
component can be used as a dosimeter.

Lighting m (× 10−7) b (× 10−5) χ2

Dark 1 -149.8 303.4 1.547±3.9 ±1.9

Dark 2 -147.0 300.1 1.131±3.7 ±1.8

Light -147.1 300.1 1.337±3.7 ±1.8
Table 6: Fitting parameters for V = m · x + b, using the least-
squares method.

12. Conclusions
In this work it was verified that ionizing damage
affects differently different electronic components,
with the most affected being the MOSFET.

It was analyzed the effects that the TID had on
those component’s oxide insulators, and verified a
higher effect on components with an oxide layer
rather than in those without as seen in the MOS-
FET versus the photodiodes, where the later didn’t
have an oxide layer to generate observable TID ef-
fects for these doses.

For the P-Channel MOSFET, TP2104, a notable
increase of the saturation current was observed.

Figure 11: CCD dose plot for the average output voltage in the
dark, in the dark after light exposure, and in the light.

For low doses, with VGS at 2V, this component can
be used as a good dosimeter, however, for higher
doses, we’d have to increase the VGS , which also
increases the measurement error, having a trade-
off between effective range and precision.

The N-Channel MOSFET 2N7000 revealed a
considerable decrease of the saturation current.
With VGS at 2V, it can be used as a very good
dosimeter for an increased effective range, higher
than the previous MOSFET. By varying the VGS it
could be used as a fuse for very high doses, where
the MOSFET would break down or burn, since a
higher dose results in a very high current.

The OP-AMP seem to be radiation-hard, since
there is no notable dependency of their offset cur-
rent and voltage with the dose. This could be
related to their internal composition, since they’re
composed of several transistors (both P and N)
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which may cancel out each other.
The CCD’s dark current appears to be a good

parameter for this device’s use as a dosimeter
since it appears to have a good linear dependency
with the dose regardless of the light conditions.

It is to be noted that it was disregarded other
types of interaction or other particles (for example,
displacement damage and high energy neutrons,
respectively).

For the future, tests should be performed with
photodiodes with a thicker oxide layer and biased
during the irradiation or at higher doses; other
parameters for the OP-AMP should be analyzed,
such as the frequency response; additionally, a
measuring system for the CCD with a high enough
sampling rate for individual pixel analysis should be
used; and finally, the effects of different dose rates
on the same components should also be studied.

In conclusion, it was verified that we can use
cheap COTS components such as MOSFET, to
measure TID up to at least a 100 kRad, the typi-
cal dose for the maximum flare, making it possible
to ensure a quality space research at a much lower
price.
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