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Abstraci—The total dese data from a Tsubasa (MIDS-1) satellite, flying in a highly eccentric orbit, is analyzed. The
total dose is measured by the small desimeter utilizing RADFETSs. The RADFETs have been calibrated with the Co60
gamma ray source and 56 devices (densted DOS-S) were mounted in several experimental modules in the satellite. The
total dose data behind certain Aluminum shield domes have been analyzed initially. The total dose change is affected
by electron flux in the thin shield, In thicker shield, electron and proton affect the total dose prefile.

Missio ¢
launched in February 2002 and still in orblt has some
experimental devices to verify the function of commercial
parts and components, and to measure space environment
data. The satellite has a highly elliptical orbit. One of the
space environment data measurement sysiems, Dosimeter
(DOS), measures the integrated radiation dose, i.e. total dose
at each sensor location.

Damage and errors caused by high-energy particles in space
have been of pr;mc concern for use of modem electronics in
space applicati o
flown for understanding
electrical parts have be
measured in flight data on space ent recewed by
monifors mounted on board of no NASDA s satellite
but also Space shuttle and Entematlonai space station
[1j{2]{3]. The coliected data have been integrated in the
Space Environment & Effects System (SEES) and released
via http://sees.tksc.nasda.go.jp/.

We have analyzed the effect of space radiation environment
to spacecraft by using NASA models AE-8, AP-8, and
SHIELDOSE-2 for designing spacecraft in a known orbit.
These particle models are based on observations from
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satellites that had been 1 1658-1078. It has heen
pointed out recently tha ay be discrepancies between
these results and ob ata in some orbits. Meanwhile,
new space radiation modi developed [4][5].
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measure the total d ction but also to construct
the high accuracy aof dese effect model. In this paper, we

briefly present the total dose data at different positions with
known shield thickness. The scope of the daia is from the
satellite funch 4 February 2002 to 1 May 2003. In addition,
the comparison between the flight data and environment
model is presented.
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I, SPACECRAFT & INSTRUMENT

A. Tsubasa (MDS-1) satellite

The MDS-1 satellite 'has a highly elliptical orbit
{500 km x 35700 km) and an inclination of 28.5 degrees with
a period of ten hour and thirty minutes. It is a spin stabilized
satellite with the spin rate of 5 rpm.

This satellite’s mission is to verify the function of
commercial paris and new technologies of bus-system
components in space, and to measure space environment. It
was equipped with six experimental modules for this mission
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fon ieiescope (HIT), Magnetometer (MAM), and Dosimeter
{DOS). SDOM measures the electron and proton fluxes with
Solid-state Silicon detectors {(SSDs) and plastic scintillator
with photo-multipliers (PMT) [7i[8]. SDOM discriminates
particles and energy by algorithm which is determined by the
combination of pulse height by each sensor. This algorithm is
based on the ground-based calibrations and simulations. Five
electron chammels in the energy range 0.4-20MeV, 12 proton
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channels in the energy range 0.9-212MeV, 4 alpha particle
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channels in the energy range 6.5-137MeV and a heavy ion
channel in the energy range 24-950 MeV are defined [8]. HIT

measures flux of heavy ions from He to Fe, and MAM
monitors the magnetic field in the satellite pass. These data
support the evaluation of other experimental modules data in

orbit
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B.  Dosimeter (DOS)
DOS consists. of two modules with installed sensors and

two with readout electronics. Fifty-six very small sensors
(DOS-S), shown in Fig.1, have been installed. The readout
electronics (DOS-E) can measure thirty-two sensors by
multiplexing them.

The eight DOS-Ss are installed into two DOS-Sensor Shield

Modules (BOS-SSM), each of which has four hemispherical
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aluminum shield domes with thickness of 0.7, 3, 6, and 10
mm. The back of DOS-SSM is shielded by the walls of the
satellite.

One DOS-SSM (DOS-SSM1) is attached in +Z direction of
the satellite outside the satellite, another DOS-SSM (DOS-
SSM2) is attached to —X direction. The +Z direction
corresponds to the sun direction, and the —X direction
corresponds to the direction perpendicular to the spin axis
(+Z axis). Fig.2 shows MDS-1 and the position of the DOS-
SSMs on the satellite. Other DOS-Ss are installed into some
experimental components that are required to measure the
total dose.

Fig. 1. Photograph of DOS-S. DOS-S is 17 mmx10 mm>5 mm and 7.4

DOS~5SM1

DOS-SSM2

SDOM

Fig. 2. The position of DOS-SSM1 & 2 and SDOM on MDS-1 satellite.
7 axis is a spin axis. DOS-SSM1 is attached to +Z direction of the satellite,
the other DOS-SSM2 is attached to —X direction. The fieid of view of
SDOM is also —X direction.

A DOS-S includes a bare die of RADFET (Radiation-
Sensitive Field Effect Transistor) and a Pt thermometer. The
RADFET is a specially designed PMOS transistor with a
thick gate oxide, optimized for increased radiation sensitivity.
The RADFET is suitable for space use in respect of cost,
weight and low power consumption. The RADFET used in
MDS-1 are 400nm implanted gate oxide devices
manufactured by National Microelectronics Research Cenire
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(NMRC) in Ireland. The bare chip and Pt thermometer are
shielded by a thin package cover and this part is assembled
with DOS-S final cover. These shields are estimated at 1mm
Al equivalent shielding. The RADFET in a DOS-S can be
connected in two modes. One is a mode where all pins are
grounded during exposure (Expose mode). Every twenty
minutes, RADFET is put into another mode (Measure mode),
where source/bulk is connected to a constant current (10pA),
the voliage (Vgs) at the source with drain/gate grounded is
measured for 20 seconds and telemetered to the spacecraft’s
communication & data handling unit. The Vgs is measured in
the range from 0 to 20 V in 12-bit resolution. Fig.3 shows
the measure mode for RADFET in DOS-S. Temperature is
also measured in twenty minute intervals. The measurement
range of Pt thermometer is from — 130 to + 130 °C.
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[II. GROUND IRRADIATION TEST

Ground irradiation tests were conducted with the Co®
gamma-ray source. The dose rate was 10 Gy (Siy/hour. The

ATYOL T Wit nacrkaced in ctandard
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14-lead Dual-in-Line packages, were irradiated at room
temperature. RADFETs were irradiated and read out in the
same configuration as during the flight: irradiation was done
in the Expose mode and every 20 minutes the configuration
was switched to Measure mode for 20 seconds. The second
g*oup of measurements were done at certain dose levels using
ontrolled parameter analyzer. dose rate

hour, RADFETSs were measured at 1, 3, 10,
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thc to‘iai dose. Th data shows that the dVgs dependence on
the total dose (D) can be described by 2 power law functlon
given by

from the initial value

(2}
o

dVgs =aD’ (1)

where a and b are fitting constants.

The fitting constants were calculated as a = 0.1336, b =
0.6245, assuming dVgs is given in V, and D in Gy{(S1).
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Fig. 4. Radiation response of the RADFETs. X axis shows total dose
[Gy] and Y axis shows the difference of Vgs from the initial value (dVgs).
The black dots are data measured every 20 minutes, while white dots are

data measured after a certain total dose levels.
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The factors that in
dose calcnja‘non based on tne ca,hbratlon curve are
temperature dependence, threshold voltage drift, and the
annealing effect [9][10]. In this initial analysis, these effects
were not taken into account. It is estimated that the aggregate
effect of the above factors is less than 10%, which translates

in the error of dose estimation within 16%.
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when the operation of DOS and Gther expe
and the data acquisition were stabilized, to
period corresponds to for 430 days and 974 orbits.

Fig.5 shows the total dose versus orbit pass for four different
shieldings of DOS-SSM2, direction of which is —X, on a log
scale. These data are averaged for each pass. For 430 days
(974 orbits), the total dose at each shield is 1.57 x 10°, 3.31 x
10%,82.0 and 56.4 Gy (Si), respectively.

Fig. 6 shows the temperature change in DOS-SSM1 (+2) and
DOS SSM2 (-X). The %empefature of the four DOS-Ss
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average is 28 and 21.1°C respectively. The temperature in the
+Z direction is higher than in the —X direction because +7
direction is the direction towards Sun. Except for a drop in
the end of March 2002, these temperatures are stable, and
their deviation from the average is 22°C. The current in the
source/bulk of the RADFET for the Measure mode is a
current value at the zero temperature coefficient (ZTC) point,
where the temperature dependence of Vgs is only 0.4 % [11].

Therefore, the observed temperature changes do not
significantly affect the dosimetry result.

Fig. 7 shows the total dose versus date for different shield
domes of —X and +Z direction (DOS-SSM1 & 2). For all
shields, the total dose increases gently, but sometimes slopes
are changed. In the 0.7, 3, and 6 mm shields, the total doses
in -X direction have a tendency which is greater than in +7
direction: 14, 4, and 11 percent higher, respectively.
Meanwhile, in the 10mm shield, the total dose data in +Z
direction is 7% greater than the total dose in —X direction.
This difference is within the error of measurement. However
the differences between —X and +Z direction are becoming
bigger with time, suggesting that the total dose is different on
the satellite position even with the same shield thickness.
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Fig. 5. Total dose in four shield domes versus pass number in —X

direction (DOS-SSM2).
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Fig. 6. Temperature in DOS-SSMs | and 2 versus date.

Electrons with energies above 0.5, 1.6, 2.8 and 4.3 MeV and
protons with energies above 10.0, 23.7, 35.7, and 48.3 MeV
are able 1o penetrate the aluminum shield thickness of 0.7, 3,
6, and 10mm of DOS-SSM, respectively. In practice, these
energy levels are further increase somewhat because of the
shield effect of DOS-S itself.

Fig. 8. shows the total dose change per day versus date for
0.7mm shield in — X direction and electron flux with average
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energy at 1.45 MeV from SDOM. In this shield, the change
of electron flux at 1.45 MeV coniributes to the change of the
total dose. In thicker shields, electrons and protons affect the
total dose in a more complicated manner.

1.60E+03 <
0.7mm shield - /’/
o~
4.20E+03 Pl ///
=
=) +
g f,?f/ z
S
g 8.00E+02 i -
E §
R [
4.00E+02 f/
0.00E+00 L : ‘ .
13-Feb- 24-May 01-Sep- 10-Dec- 20-Mar- 28-Jun-
02 02 02 02 03 03
Pate
(aj
4.00E+02
3mm shield x
3.00E+02 4
& / +Z
Q; /
F
§ 200E+02 ff/
5
] S
o
1.00E+02
e
5
0.00E+00 ; . L :
13-Feb- 24-May- 01-Sep- 10-Dec- 20-Mar- 28-jun-
02 02 02 02 03 03
Date
(b)
1.008+02
émm shield
8.00E+01
X
= //+Z
£ 6.00E+01 -
g /«:’;//
3
-8 4 £4+01
s 4.00E+01 /
b= /
2.00E+01 E
L %
0.00E+00 " .
13-Feb- 24-May- 01-Sep- 10-Dec- 20-Mar- 28-Jun-
02 02 02 02 03 03
Date
(c)
1.00E+02
r  10mm shield
8.00E+01
= 3 +Z
&, 5.008+01
& s
:gj /;’/}'-X
T 4.00E+01 S
£ =
2.00E+01 —
../’
0.00E+00 Zanlf L
13-Feb- 24-May- 01-Sep- 10-Dec- 20-Mar- 28-jun-
02 02 02 02 03 03
Tiaéa
(d)

Fig. 7. Total dose in four shield domes versus date for —X and +Z
direction (DOS-SSM1 and DOS-SSM2).
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Fig. 8. Total dose change per day versus date for 0.7mm shield in —X
direction and electron flux with average energy at 1.45 MeV from SDOM.
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Fig. 9. shows the total dose change per day versus date for
6mm shield in —X direction and electron flux with at 8.5
MeV, and, in addition, proton flux with average energy at 59
MeV. This shows a major effect is caused by electrons, but
when proton events happen the total dose is affected by
protons.

V. DISCUSSION

Fig.10 shows total dose versus date for the four shields of
DOS-SSM2 in —X direction and the model calculation on a
log scale. AP8, AEg, JPL1991, and SHIELDOSE-2 models
in SEES model were used for the model calculation for a
period from 26 February 2002 to 1 May 2003. The reliability
of JPL1991 is 75%. The target material is Silicon. Solid
sphere 1s used in shield geometry and the data are halved on
the assumption a half of the sphere is shielded. The orbit
data of MDS-1 is updated every month and it is assumed that
the orbit data aren’t changed during the month. Every month
data are integrated. The thickness of DOS-S is estimated to
be 1mm in this calculation. There are differences between
the flight data and the model calculation, particularly for 0.7
and 10mm shields. The flight data in 0.7mm shield are
estimated to be about 40% lower than the model result. The
flight data in 10mm shield are greater by a factor of 4 than
the model calculation. As the period of data acquisition is
getting longer, the flight data in 3mm shield approaches the
model calculation.
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Fig. 10. Comparison of flight total dose profile with SHIELDOSE-2 model
calculation. Each thick line shows the model calculation.
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Fig. 11. Dose-depth curve from the flight data and SHIELDOSE-2 model
calculation.

Fig 11 shows the total dose data versus Aluminum shield
thickness, that is a dose-depth curve, of the flight data and
model calculation. The dose-depth curve is calculated for
100, 200, and 430 days. This shows the model might
overestimate the total dose in the shield under 2mm and
underestimate the total dose in thick shield over 8mm. One
of the reasons for discrepancies between the flight data and
model calculation is the difference of electron and proton
fluxes within some energy range [6][12]. Namely, electron
fluxes with the energy under 4MeV from flight data are
lower than the model flux and, while those with the energy
over 5 MeV are higher than the model flux. Proton fluxes
with the energy under 20 MeV from the flight data are lower
than the model data, and those with the energy over 30 MeV
are higher than the model data. The current analysis is based
on the data collected only one year. It is necessary to
measure and analyze the data continuously in a loner term to
establish more reliable conclusions.

VL

The very small dosimeter utilizing RADFETs has been
developed and flown on Tsubasa (MDS-1) satellite. Initial
results, the total dose at eight points covered with different
Aluminum shielding, were analyzed. The major effect on a
total dose is caused by electrons, but when proton events
happen the total dose is affected by protons.

SUMMARY
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