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ABSTRACT 

The radiation environments at two low altitude orbits have been calculated with 
the NASA space environment models and codes AP8/AE8, Vette, and CREME. LET 
spectra and device upset rates for various solar activity scenarios have been determined. 
Dose deposition into silicon targets as a function of Aluminum shielding thickness has 
been also calculated with a Monte Carlo code. The results indicate that parameters such 
as orbit altitude, shielding thickness, and solar activity strongly affect the SEU rates. 

RESUME 

L'environnement de rayonnement ä deux orbites de basse altitude a ete calcule en 
utilisant des modeles d'environnement e l'espace de NASA's et code AP8/AE8, Vette et 
CREME. Les spectres LET et les cadences bouleversees de dispositif pour differents 
scenarios solaires d'activite avoir ete determine. Le depot de dose dans des cibles de 
silicium en fonction d'epaisseur d' armature d'aluminium a ete egalement calcule en 
utilisant un code de Monte Carlo. Les resultats indiquent que les parametres tels que 
l'altitude d'orbite, protegeant l'epaisseur et l'activite solaire affectent fortement les 
cadences de SEU. 

in 



EXECUTIVE SUMMARY 

The radiation environment and its effect on space vehicle electronic components 
have been determined for two low altitude orbits. The orbits selected were polar/circular 
with altitudes of 600km and 1100km. The orbit parameters were specified by TTRDP. 

The NASA Space environment codes AP8/AE8, Vette, and CREME were used to 
obtain radiation spectra, LET spectra and device upset rates for various solar activity 
scenarios. The effect of aluminum shielding on the dose deposition and electronic device 
upset rates was also calculated. The devices were evaluated according to critical charge 
magnitude, and the size of the sensitive volume. The former parameter refers to the 
amount of charge required to upset the device status; the latter parameter is the region 
inside the device with an electric field; for example a PN junction. Dose deposition into 
silicon targets as a function of Aluminum shielding thickness was calculated with a 
Monte Carlo code. 

The calculations indicate that parameters such as orbit altitude and solar activity 
strongly affect the dose deposition and the upset rates of satellite electronic components. 
It was also determined that only about the first two to three millimeters of Aluminum 
shielding is important; after that the Aluminum thickness shielding effect becomes less 
significant. 

[ Varga, L., Horvath, E. and Cousins T., 2000, Analysis of the Radiation Environment 
Effect on Electronic Components in Near-Earth Orbits, Tech. Mem. No. TM 2000-071, 
DREO] 

SOMMAIRE 

L'environnement de rayonnement et l'effet sur les composants electroniques d'un 
vehicule spatial ont ete determines pour deux orbites de basse altitude. Les orbites 
choisies etaient polar/circular avec des altitudes de 600km et de 1100km. Les parametres 
d'orbite ont ete indiques par TTRDP. 

L'environnement de l'espace de la NASA code AP8/AE8, Vette, et la CREME ont 
ete employees pour obtenir des spectres de rayonnement, des spectres LET et des 
cadences bouleversees de dispositif electronique pour differents scenarios solaires 
d'activite. L'effet de l'aluminium protegeant sur les cadences bouleversees de depot et de 
dispositif de dose a ete egalement calcule. Les dispositifs ont ete evalues selon 
l'importance critiquede charge, et la taille du volume sensible. L'ancien parametre se 
rapporte ä la quantite de charge exigee pour deranger le mode de dispositif; le dernier 
parametre est la region ä l'interieur du dispositif qui contient le champ electrique; comme 
la jonction de PN. Le depot de dose dans des cibles de silicium en function d'epaisseur d' 
armature d'aluminium a ete calcule en utilisant un code de Monte Carlo. 



Les calculs indiquent que les parametres tels que l'altitude d'orbite et 1'activite 
solaire affectent fortement le depot de dose et les cadences bouleversees des composants 
electroniques satellites. On l'a egalement determine que le seul environ les deux premiers 
ä trois millimetres d'armature d'aluminium est important, ensuite cela que l'effet d1 

armature d'epaisseur en aluminium devient moins significatif. 

[ Varga, L., Horvath, E. and Cousins T., 2000, Analysis of the Radiation Environment 
Effect on Electronic Components in Near-Earth Orbits, Tech. Mem. No. TM 2000-071, 
DREO] 
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1. INTRODUCTION 

Critical to the survivability and mission success of any space-based platform, is that it be 
able to withstand the deleterious effects of ionizing radiation on the system electronics. The 
radiat;on environment to which a space-platform is subjected is orbit specific; the magnetosphere 
of the Earth affects the charged particle spectrum encountered in near-earth orbits. Solar activity 
further affects the temporal variations either long term, as evidenced by cyclical variation in solar 
activity, or in the short term, by the effects of solar flares or coronal holes. It is desirable, 
therefore, to have a means of predicting the radiation environment that a spacecraft will likely 
encounter over the duration of its mission. This information can then be utilized during the 
specification, design, and testing phases of the development a space vehicle, to ensure that 
radiation hardness survivability criteria can be met. 

Total dose effects, single-event upsets, and electrostatic charging/discharging (ESD) are 
the primary radiation effects on electronics of interest to the spacecraft system designer. Material 
degradation, such as surface erosion, due to the synergistic effects of heavy ions and ultraviolet 
radiation (ex. LDEF mission) are also important and, among other things, affect solar array covers 
and thermal blankets. 

Space radiation environmental models and computational methods for estimating total 
dose and single-event upset (SEU) rates have been developed and in use for several decades. 
As part of the development of in-house expertise in Space Radiation Effects at Defence Research 
Establishment Ottawa (DREO), publicly available computer codes (primarily from NASA and 
RSIC) applicable to space radiation effects have been obtained and utilized. To further enhance 
the computational capability for estimating radiation effects on space-based electronic platforms, 
for arbitrary orbits, additional in-house development of models applicable to electrostatic charging 
and dose deposition into complex 3D objects has also been undertaken and completed. 

In this work we determine a number of parameters associated with the space environment 
in general and space radiation environment in particular.   The results presented pertain to two 
circular orbits, namely, an orbit with 600km altitude and one with 1100km altitude. The 
inclination angles of the two orbits are 98° and 85°, respectively (specified by TTRDP). 
Description of the computer programs will be kept to a minimum (described in greater detail 
elsewhere); however, some application capabilities will be highlighted. 



2. TRAPPED RADIATION 

The motion of charged particles in the earth's magnetosphere is governed by the 
magnitude and relative direction of the earth's magnetic field to the particle velocity vector. The 
distribution of the trapped radiation in the magnetosphere is best described in a "B-L coordinate 
system" introduced by Mcllwain, et alm. The coordinate L is called Mclllwain's magnetic shell 
parameter and B is the magnetic field strength. 

The trapped electron model, designated AE8, was used to obtain the trapped electron 
spectra for the two orbits; for protons, the AP8 model has been used. Both AP8 and AE8 models 
provide an average spectrum for the given orbit, based on measurements obtained by a number of 
satellites over a period of several years. The trapped proton model (AP8) is applicable in the 
energy range of lOOkeV to 400MeV, the AE8 model is valid from 40keV to 6MeV. The 
computer programs "ORBIT" and "VETTE", which implement these models, are available from 
the National Space Science Data Center at NASA-GFC. The program output consists of 
differential, integral, and energy-window binned spectra of trapped radiation specific to a given 
orbit. Additional outputs such as particle flux at each point of an orbit, average integral flux 
within an L-band, total particle flux/orbit, and others can also be obtained. 

and 2. 
The trapped electron and proton spectrum for the two orbits is summarized in Tables 1 

Orbit Data: 1) Circular; Altitude = 1100km; Inclination angle = 85 degrees 
2) Circular; Altitude =600km; Inclination angle =98 degrees 

Electron energy Solar Maximum Solar Minimum 
1100km orbit       | 600km orbit 1100km orbit 1 600km orbit 

(MeV) Electrons cm"1 day"1 MeV"1 
Electrons cm"2 dav"1 MeV"1 

5.50E-02 9.09E+11 1.56E+11 4.56E+11 6.81E+10 
6.50E-02 8.47E+11 1.43E+11 4.22E+11 6.21E+10 
7.50E-02 7.87E+11 1.31E+11 3.89E+11 5.63E+10 
8.50E-02 7.33E+11 1.20E+11 3.59E+11 5.12E+10 
9.50E-02 6.82E+11 1.11E+11 3.32E+11 4.68E+10 
1.25E-01 7.00E+11 1.03E+11 3.52E+11 4.36E+10 
3.00E-01 2.57E+11 2.67E+10 7.94E+10 9.61E+09 
4.25E-01 1.06E+11 1.14E+10 3.36E+10 4.35E+09 
6.00E-01 2.21E+10 3.78E+09 1.08E+10 1.77E+09 
8.50E-01 5.93E+09 1.38E+09 3.49E+09 7.26E408 
1.25E-KX) 1.90E+09 5.56E+08 1.25E+09 3.22E+08 
1.75E-KX) 6.38E+08 2.14E408 3.97E408 1.15E+08 
2.25E-KX) 2.62E+08 9.00E-+O7 1.59E+08 4.72E+07 
2.75E+00 1.32E+08 4.27E+07 8.11E407 2.19E+07 
3.50E+00 5.28E+07 2.78E+06 3.12E+07 9.71E+06 
4.50E+00 6.63E+06 3.02E-K)5 4.72E+06 1.94E+06 
5.50E+00 6.58E-KD5 1.02E+04 6.02E+05 1.01E+04 



TQHIP r. nenmaeneticalv TraDoed DiflFerential Proton Spectra. 
Orbit Data: l)CircuIar, Altitude = 1100km; Inclination angle = 85 degrees 

T\ Circular: Altitude =600km; Inclination ancle = 98 degrees 
Proton energy Solar Maximum Solar Minimum 

1100km orbit        600km orbit 1100km orbit 600km orbit 

(MeV) Protons cm"2 dav'1 MeV"1 Protons cm" day"1 MeV" 

1.50E-01 1.26E+10 8.49E+08 1.19E+10 9.04E-K)8 

2.50E-01 5.28E-KJ9 3.86E-K)8 5.38E-K)9 4.73E-H)8 

3.50E-01 2.33E409 1.80E-+O8 2.46E-H)9 2.42E408 

4.00E-01 6.34E+08 5.01E-K)7 7.22E408 8.65E+07 

7.50E-01 8.04E-KJ7 5.38E406 •    1.11E+08 1.69E-+07 

2.00E+00 1.02E+07 5.33E405 1.56E407 2.49E-+06 

4.00E+00 3.32E-KJ6 1.49E-K)5 4.90E-KJ6 6.99E-W5 

7.50E+O0 1.27E+06 5.72E-KM 1.72E+06 1.81E+05 

1.50E-KH 5.08E+O5 2.65E-K)4 6.65E-K)5 6.06E+04 

2.50E-+O1 2.82E+05 1.84E-KM 3.72E-+05 3.75E-+04 

3.50E+01 2.18E405 1.56E-HM 2.93E-+05 3.17E-KJ4 

4.50E+01 1.90E-KD5 1.41E-KM 2.60E-K)5 2.87E+04 

5.50E-K)1 1.70E+O5 1.32E404 2.39E405 2.66E404 

7.00E+01 1.42E405 1.14E+04 2.02E4O5 2.20E404 

9.00E-KM 1.19E-+05 9.93E+03 1.69E+05 1.81E-K)4 

1.20E+O2 8.09E+O4 6.71E+03 1.13E+05 1.16E-K)4 

1.50E+02 6.59E404 5.35E+03 9.18E+04 9.13E+03 

1.70E+02 5.40E+04 4.31E+03 7.48E+04 7.28E+03 

1.90E+02 4.47E+04 3.63E+03 6.06E+04 5.81E+03 

2.20E+O2 3.06E-KM 2.45E+03 4.07E+04 3.78E+03 

250 2.52E+04 1.97E+03 3.35E-H34 3.05E+03 

280 1.72E-+04 1.29E+03 2.28E+04 2.01E+03 

330 9.78E+03 6.94E+02 1.29E+04 1.09E+03 

380 6.71E+03 4.60E+O2 8.78E+03 7.23E402 

450 2.67E+03 1.68E+02 3.44E+03 2.66E+02 

In a graphical form, the spectra are presented in Figure 1 and Figure 2, with both solar 
maximum and minimum shown. Figure 3 (panels a, b) and Figure 4 (panels c, d) provides 
information about the spatial distribution of the trapped electron flux (E>0.7MeV) and proton 
flux (E>0. lMeV) intercepting the plane of the two orbits. It is evident that the electron and 
proton flux is concentrated in the area of the South Atlantic Anomaly, although appreciable 
electron flux is also observed in the Auroral Oval area in both hemispheres. For protons, the flux 
contribution from the Auroral Oval regions is negligible. The effect of altitude on the flux 
magnitude becomes evident when comparing panels (a) and (b) in Figure 3 and panels (c) and (d) 
in Figure 4. For better visual comparison of the differences between the two orbits, the same 
scales have been used. 
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Figure 1. Trapped differential electron spectra. 
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Figure 2. Trapped differential proton spectra. 
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3. COSMIC RAYS 

There are two cosmic ray components that affect the total radiation dose received by an 
earth-orbiting spacecraft, namely the galactic component and solar component. Galactic cosmic 
rays, originating outside the solar system, are relatively low fluxes of ions having energies 
extending beyond the TeV energy range and include all elements found in the periodic table. The 
solar cosmic rays are of solar flare origin. These are energetic protons, with a minor component 
of alpha particles, heavy ions, and electrons. The maximum energy is several hundred MeV. 
Solar coronal holes are also a source of this type of radiation. 

The cosmic ray radiation contribution to the total dose received by an earth-orbiting 
satellite platform can be predicted with the use of the CREME codepl. In determining the various 
particle spectra, CREME makes use of experimental data from a variety of sources. For example, 
in-situ measured spectra of cosmic ray protons and alpha particles are scaled by appropriate 
factors[2] to determine particle spectra for heavier elements, up to Ni in the periodic table. The 
values of these scaling factors were deduced from the element-abundance measurements 
originating from a French-Danish experiment'3', taken on-board HEAO-3. To obtain spectra of 
ionized elements heavier than Ni, scaling factors are also applied to measured iron spectra and 
other heavy nuclei, from the heavy nuclei experiment14'5'61, also taken on-board HEAO-3. 

Cosmic ray spectra for Proton, Helium, Oxygen, and Iron for the 600km altitude orbit are 
shown in Figures 5 and 6. Figures 7 and 8 show the spectra for the same elements but for the 
1100km altitude orbit. CREME classifies the space environment into twelve categories each 
called an "Interplanetary Weather Index" (IWI). The weather indices numbered 1 to 4 relate to 
galactic cosmic rays of various intensity and composition. The other 8 (numbered 5 to 12, 
inclusive) also include solar flare cosmic rays of various compositions and intensities'21. The solar 
component is the dominating factor in the cosmic ray spectrum. This is evident when one 
compares plots in Figures 5 and 6 or plots in Figures 7 and 8. Tables 3,4,5, and 6 provide 
numerical summary of the calculations. 

4. LET SPECTRUM 

Integral LET spectra for the 1100km altitude orbit (Figure 9) and the 600km altitude orbit 
(Figure 10) have been calculated for various space radiation scenarios based on the space 
environment characterization scheme in CREME. The plot labeled IWI=1 is the LET spectrum of 
the average galactic cosmic rays, while IW1=3 plot is the LET spectrum of the so called "worst 
case" galactic cosmic rays. Curves IWI=6 and 8 are LET spectra of the galactic cosmic rays plus 
the solar component. The solar component in the IWI=6 plot is an average intensity solar flare 
while for the IWI=8 curve, the solar flare component ranks at the top 10% of the most intense 
solar flares. These two cases (IWI=6 and 8) are also referred to as worst case composition 
environments, as opposed to the average composition rwi=5 and IWI=7 (not shown). The 
average and worst case composition differ in the relative intensity of heavy ions with respect to 
the proton component in the spectrum. The IWI=10 curve relates to August 1972 solar flare. 
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Figure 5. Proton, Helium, Oxygen and Iron spectra for galactic cosmic rays at the altitude of 
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Table 3. Differential galactic cosmic ray flux (particles m"2 s"1 ster"1 (MeV/u)"1) at the altitude of 

Energy(MeV)        H He 0 Fe 

1.00E-+O1 6.05E-02 5.68E-03 1.61E-04 7.81E-05 

1.50E-K)1 2.20E-02 4.55E-03 1.29E-04 3.31E-05 

2.24E+01 1.18E-02 4.50E-03 1.28E-04 1.87E-05 

3.36E401 9.25E-03 5.34E-03 1.52E-04 1.42E-05 

5.02E-K)1 1.01E-02 7.15E-03 2.03E-04 1.40E-05 

7.52E+01 1.40E-02 1.02E-02 2.91E-04 1.68E-05 

1.13E+02 2.23E-02 1.45E-02 4.12E-04 2.25E-05 

1.69E402 3.67E-02 1.91E-02 5.44E-04 3.11E-05 

2.52E+02 5.84E-02 2.28E-02 6.47E-04 4.11E-05 

3.78E+02 8.38E-02 2.39E-02 6.79E-04 4.92E-05 

5.66E+02 1.04E-01 2.18E-02 6.20E-04 5.16E-05 

8.47E+02 1.11E-01 1.75E-02 4.97E-04 4.71E-05 

1.27E+03 1.01E-01 1.25E-02 3.54E-04 3.72E-05 

1.90E-KJ3 7.92E-02 7.99E-03 2.27E-04 2.58E-05 

2.84E+03 5.48E-02 4.70E-03 1.33E-04 1.62E-05 

4.25E+03 3.40E-02 2.68E-03 7.62E-05 1.01E-05 

6.37E+03 1.94E-02 1.62E-03 4.61E-05 6.06E-06 

9.54E+03 1.09E-02 7.18E-04 2.04E-05 2.78E-06 

1.43E+04 6.44E-03 3.03E-04 8.61E-06 1.23E-06 

2.14E+04 2.81E-03 1.24E-04 3.53E-06 5.36E-07 

Table 4. Differential galactic cosmic rays flux including an average intensity solar flare 
component (particles m'2 s"1 ster'1 (MeV/u)"1) at the altitude of 600km (four elements shown). 

Energy(M IeV)         H He o Fe 
1.00E+01 5.42E+04 6.74E+02 2.16E+01 2.83E+00 
1.50E+01 1.81E+04 2.25E+02 7.21E-KX) 9.43E-01 

2.24E+01 4.48E+03 5.53E+01 1.77E+00 2.31E-01 
3.36E+01 1.47E+03 1.82E+01 5.81E-01 7.57E-02 

5.02E+01 7.61E+02 9.24E+00 2.96E-01 3.87E-02 
7.52E+01 3.25E-HD2 3.94E+O0 1.26E-01 1.65E-02 

1.13E+02 8.87E-KH 1.08E4O0 3.46E-02 4.48E-03 

1.69E+02 1.23E+01 1.67E-01 5.26E-03 6.46E-04 

2.52E+02 6.78E-01 3.02E-02 8.84E-04 7.20E-05 

3.78E+02 9.07E-02 2.40E-02 6.82E-04 4.95E-05 

5.66E+02 1.04E-01 2.18E-02 6.20E-04 5.16E-05 

8.47E+02 1.11E-01 1.75E-02 4.97E-04 4.71E-05 

1.27E+03 1.01E-01 1.25E-02 3.54E-04 3.72E-05 

1.90E+03 7.92E-02 7.99E-03 2.27E-04 2.58E-05 

2.84E+03 5.48E-02 4.70E-03 1.33E-04 1.62E-05 
4.25E+03 3.40E-02 2.68E-03 7.62E-05 1.01E-05 
6.37E+03 1.94E-02 1.62E-03 4.61E-05 6.06E-06 
9.54E+03 1.09E-02 7.18E-04 2.04E-05 2.78E-06 
1.43E+04 6.44E-03 3.03E-04 8.61E-06 1.23E-06 
2.14E+04 2.81E-03 1.24E-04 3.53E-06 5.36E-07 



Table 5. Differential galactic cosmic rays flux (particles m"2 s"1 ster*1 (MeV/u)"1) at the altitude of 
1100km (four elements shown). 

Energy(MeV)         H He 0 Fe 
1.00E+01 7.21 E-02 6.64E-03 1.89E-04 9.11E-05 
1.50E4O1 2.60E-02 5.29E-03 1.50E-04 3.84E-05 
2.24E401 1.39E-02 5.20E-03 1.48E-04 2.16E-05 
3.36E401 1.08E-02 6.16E-03 1.75E-04 1.63E-05 
5.02E-HD1 1.18E-02 8.26E-03 2.35E-04 1.61E-05 
7.52E-KH 1.63E-02 1.17E-02 3.34E-04 1.92E-05 
1.13E+02 2.58E-02 1.66E-02 4.70E-04 2.58E-05 
1.69E+02 4.24E-02 2.18E-02 6.20E-04 3.55E-05 
2.52E+02 6.70E-02 2.60E-02 7.37E-04 4.68E-05 
3.78E-K)2 9.55E-02 2.71E-02 7.70E-04 5.60E-05 
5.66E+02 1.19E-01 2.48E-02 7.05E-04 5.87E-05 
8.47E+02 1.26E-01 1.99E-02 5.66E-04 5.35E-05 
1.27E-H33 1.15E-01 1.42E-02 4.03E-04 4.22E-05 
1.90E+O3 8.98E-02 9.04E-03 2.57E-04 2.92E-05 
2.84E+03 6.21 E-02 5.37E-03 1.53E-04 1.86E-05 
4.25E-K)3 3.85E-02 3.30E-03 9.36E-05 1.25E-05 
6.37E+03 2.22E-02 1.77E-03 5.03E-05 6.56E-06 
9.54E+03 1.35E-02 7.77E-04 2.21E-05 3.01E-06 
1.43E+04 6.97E-03 3.28E-04 9.32E-06 1.34E-06 
2.14E+04 3.04E-03 1.35E-04 3.83E-06 5.80E-07 

Table 6. Differential galactic cosmic rays flux including an average intensity solar flare 
component (particles m'2 s"' ster'1 (MeV/u)'1 at the altitude of 1100km (four elements shown). 

Energy(MeV) H He O Fe 
1.00E+01 
1.50E+O1 
2.24E+01 
3.36E+01 
5.02E+01 
7.52E+01 

6.46E+04 
2.15E+04 
5.28E+03 
1.73E+03 
8.87E+02 
3.76E+02 

I3E+02 
69E+02 

2.52E+02 
3.78E+02 
5.66E+02 
847E+02 
1.27E+03 
1.90E+03 
2.84E+03 
4.25E+03 
6.37E+03 
9.54E+03 
1.43E+04 
2.14E+04 

1.02E+02 
1.42E+01 
7.77E-01 
1.03E-01 
1.19E-01 
1.26E-01 
1.15E-01 
8.98E-02 
6.21 E-02 
3.85E-02 
2.22E-02 
1.35E-02 
6.97E-03 
3.04E-03 

7.88E-K)2 
2.62E-K)2 
6.40E+O1 
2.10E+01 
1.07E+O1 
4.52E+00 
1.24E+00 
1.90E-01 
3.44E-02 
2.72E-02 
2.48E-02 

.99E-02 
1.42E-02 
9.04E-03 
5.37E-03 
3.30E-03 
1.77E-03 
7.77E-04 
3.28E-04 
1.35E-04 

2.52E+01 
8.38E+00 
2.05E+O0 
6.71E-01 
3.41E-01 
1.45E-01 
3.95E-02 
6.00E-03 
1 01E-03 
7.73E-04 
7.05E-04 
5.66E-04 
4.03E-04 
2.57E-04 

■53E-04 
9.36E-05 
5.03E-05 
2.21E-05 
9.32E-06 
3.83E-06 

3.30E+00 
1.09E+00 
2.67E-01 
8.74E-02 
4.45E-02 
1.89E-02 
5.13E-03 
7.38E-04 
8.21E-05 
5.64E-05 
5.87E-05 
5.35E-05 
4.22E-05 
2.92E-05 
1.86E-05 
1.25E-05 
6.56E-06 
3.01E-06 
1.34E-06 
5.80E-07 
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Figure 9. LET spectrum plots for specified interplanetary conditions for the 600km circular 
orbit. 
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Figure 10. LET spectrum plots for specified interplanetary conditions for the 1100km 
circular orbit. 
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5. SHIELDING EFFECT ON LET SPECTRUM 

The effect of Aluminum shielding on the LET spectrum for the two orbits has been 
investigated. Aluminum thicknesses of 1mm, 3mm, and 5mm were used for this purpose. The 
results are shown in Figures 11 and 12 (600km-altitude orbit) and Figures 13 and 14(1100km 
altitude orbit). Figures 11 and 13 relate to galactic cosmic rays only, while Figures 12 and 14 
show the shielding effect on LET spectrum due to the galactic cosmic rays containing an ordinary 
solar flare component. The unshielded LET spectrum is also shown for a comparison purpose. It 
is evident that shielding is more effective in the case where the solar component is present. 
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Figure 11. Effect of Aluminum shielding thickness on the LET spectrum of galactic cosmic rays 
at the altitude of 600km. 
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Figure 12. Effect of Aluminum shielding on the LET spectrum of galactic cosmic rays including 
an average intensity solar flare component at the altitude of 600km. 
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Figure 13. Effect of Aluminum shielding thickness on the LET spectrum of galactic cosmic rays 
at the altitude of 1100km. 
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Figure 14. Effect of Aluminum shielding on the LET spectrum of galactic cosmic rays including 
an average intensity solar flare component at the altitude of 1100km. 

6. UPSET RATES. 

The number and the magnitude of solar flares experienced by a satellite can significantly 
influence estimates of both the upset rates and the total mission radiation dose. Other parameters 
affecting upset rates include the sensitive volume of the device (referring to a region of the device 
containing an electric field), the critical charge (the amount of charge required to change the state 
of the device), and the shielding thickness. 

Using CREME, upset rate calculation results as a function of sensitive volume size and 
critical charge magnitude are shown in Figure 15. For this example, the 1100km altitude orbit 
and an IWI value of 3 have been selected. The plots relate the size of the sensitive volume 
(selected to be equal to 1000, 1.0, and 0.125 microns cube) and the size of the critical charge with 
the upset rate. 

The effect of solar activity and the shielding thickness for the 1100km altitude orbit on the 
upset rates is shown in Figure 16. Here the critical charge and the critical volume parameters 
were 1 pC and 1 cubic micron respectively.  It is worth noting that shielding thickness is less 
effective in the pure galactic cosmic ray environment. The same plot for the 600km altitude orbit 
is shown in Figure 17. 
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Figure 15. The critical volume size and the critical charge magnitude effect on device upset rates 
at 1100km altitude. 
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Figure 16. Shielding and solar activity effect on device upset rates at the 1100km altitude. 
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Figure 17. Shielding and solar activity effect on device upset rates at the 600km altitude. 

7. DOSE DEPOSITION 

A three dimensional Monte Carlo N-Particle (MCNP) code has been used to determine the 
dose delivered into a silicon detector by the electrons and protons for the two orbits. Both 
trapped and cosmic ray components were used in the calculations. In the scenario IWI=5, the 
dose due to protons also includes a contribution from an average intensity solar flare. The 
detector was a thin silicon shell surrounded by a spherical shielding with thickness ranging from 
lmm to 9mm.  A case without shielding is also given in Table 7. 

Table 7. Dose deposition rates (rad day"1) at the 600km-altitude orbit 
Aluminum 
Shielding 

(mm) 

IWI=1 rwi=5 
Electrons Protons Total Electrons Protons 

+ Solar Flare 
Total 

0 
t , 

2.118E+03 2.202E+02 2.338E+03 2.118E+03 2.420E+02 2.360E+03 
1 1.549E+01 1.770E+O0 1.726E+01 1.549E401 1.819E+01 3.369E-H31 
2 4.174E+00 1.199E+00 5.373E+00 4.174E-KX) 5.180E+00 9.353E+00 
3 1.423E+00 1 030E+00 2.453E+O0 1.423E+00 3.553E+00 4.976E+00 
4 5.292E-01 9.124E-01 1.442E-KX) 5.292E-01 2.540E+O0 3.069E+O0 
5 2.035E-01 8.486E-01 1.052E+O0 2.035E-01 2.221E+O0 2.425E+00 
6 8.323E-02 7.497E-01 8.329E-01 8.323E-02 1.686E+00 1.769E+00 
7 3.470E-02 7.106E-01 7.453E-01 3.470E-02 1.560E+00 1.595E+00 
8 1.904E-02 6.742E-01 6.933E-01 1.904E-02 1.421E+00 1 440E-K)0 
9 1.349E-02 6.091E-01 6.226E-01 1.349E-02 1.175E-KX) 1.188E+00 
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Table 8. Dose deüosition rates (rad day"1) at the 1 lOOkm-altitude orbit. 
Aluminum 
Shielding 

(mm) 

IWI=1 IWI=5 

Electrons Protons Total Electrons Protons 
+ Solar Flare 

Total 

0 1.481E+04 1.934E+03 1.674E-KM 1.481E+04 1.959E-KJ3 1.677E-KM 

1 5.019E-K)1 1.413E+01 6.432E401 5.019E4O1 3.244E-K)1 8.263E-K)1 

2 1.234E+01 8.976E-KX) 2.132E401 1.234E+01 1.335E-K)1 2.569E-H)1 

3 4.177E-KX) 7.544E+00 1.172E-K)1 4.177E-+O0 1.043E+O1 1.461E-K)1 

4 1.549E+00 6.580E-KX) 8.128E-KK) 1.549E-KX) 8.533E+O0 1.008E-K)1 

5 5.881E-01 6.123E-KX) 6.712E+O0 5.881E-01 7.765E+00 8.353E-+O0 

6 2.500E-01 5.416E-KX) 5.666E-KX) 2.500E-01 6.524E+00 6.773E-KX) 

7 1.181E-01 5.138E-KX) 5.256E-KX) 1.181E-01 6.150E-KX) 6.268E-KX) 

8 7.558E-02 4.878E-KX) 4.954E-KX) 7.558E-02 5.780E-KX) 5.855E-KX) 

9 6.028E-02 4.413E-KX) 4.473E-KX) 6.028E-02 5.122E+00 5.183E+O0 

The radiation source in the model was distributed over the surface of the 
detector/shielding assembly, however, the direction of the emission was non-isotropic (directed 
toward the geometrical centre the detector) 

8. SUMMARY 

In this work, we have used the AE8, AP8, and CREME space environment codes to 
obtain an estimate for the electron and proton flux data for the 600km altitude and 1100km 
altitude orbits. LET and effect of shielding on LET spectra for the two orbits were also 
calculated. The upset rates were also estimated for various solar flare activity scenarios. 

For the dose rate calculations, a three-dimensional Monte Carlo N-Particle (MCNP) code 
was used. The nature of the source used does not exactly reflect the directionality of the space 
radiation and hence one would expect that the dose rate results calculated would differ somewhat 
from the results one would obtain with the isotropic source 
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