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Abstract. The radiation factors during the forthcoming launch of the 
satellite Mars'94 are discussed in the present paper: the sterilization pro
cedures of the satellite, the crossing of the radiation belts, the solar flares 
during the flight and the orbiting around Mars. A model for the calcu
lation of the accumulated dose of the Langmuir probe is suggested. The 
radiation hazard for damage of the electronics is estimated. 

Pe3IOMe. B pa6oTe paccMoTpeHHbl pa.n:irn.iurnHHhle <j>aKTOpbl BO BpeM.R 
rrpe.n;CTOJllllero IIOJieTa CIIYTHHKa "Mapc-94": orrepaU.HH .LJ;JIJI CTepHJIH-
3aU.HH crryTHHKa, rrepeceqeHHe 3eMHblX pa,ll.Hal{HOHHblX IIOJICOB, COJIHe"<l
Hble BCIIbllllKH BO BpeM.R rrepeJieTa H B op6HTe OKOJIO Mapca. Ilpe.n;Jio
ltCeHa MO.LJ;eJib .LJ;JIJI Bbl"<IHCJieHHJI aKKYMYJIHpoBaHHOii .LJ;03bl, IIOJiyqaeMOH 
aJieKTpOHHKOH 30H.D:OB JleHrMIOpa. Ha 6a3e aToli Mo.n;eJIH ou:eHeHa orrac
HOCTh IIOBpeltC.n;eHHJI aJieKTpOHHblX KOMIIOHeHT pa,ll.Hal{HeH. 

1. Introduction 

In 1994 the first satellite Mars'94 of the international programme for Mars explo
ration is to be launched. 

Our experience on radiation risks and protection of space vehicles is mainly 
based on telecommunication satellites operating almost continuously in a near
Earth orbit. There are substantial differences between them and Mars'94 satellite. 

The purpose of the present paper is to estimate the radiation factors during the 
operation of Mars'94 satellite as related to the Langmuir probe which is a part of 
the plasma complex ELISMA. 
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2. Radiation Factors D uring the Flight 

From the point of view of radiation risk the flight of Mars'94 can be divided into: 
sterilization operations on the vehicle, transit through the Earth's radiation belts, 
Earth-Mars cruise, operation in the Martian orbit. 

2.1. Sterilization of the vehicle 

A sterilization of the vehicle is to be made right after launch. The dose acquired by 
any of the electronic elements will be about 500 rad for eight hours as a result of 
exposition to 500 keV protons [l] . The only thing that can be done in this period 
is to switch the instruments off. 

2.2 Radiation in the Earth's magnetosphere 

Mars'94 satellite will pass once or twice through the Earth's radiation belts or 
through the South Atlantic anomaly. However, ELISMA complex will be first 
switched on after the boom deployment and after the sterilization gas has been 
completely released. This is to be out of the radiation belts, so the effects of the 
Earth's magnetosphere can be neglected. 

2.3 Earth- Mars cruise 

The most dangerous factors for electronics during the cruise phase are the fluxes 
of energetic particles associated with solar flares and galactic cosmic radiation. We 
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Fig. 1. Total accumulated dose for one 
year of flight in interplanetary medium at 
a distance 1 a. e. with (1) and without 
(2) ALSF behind a standart aluminium 
shielding as a function of the shielding's 
thickness. 



34 B. Kirov et al. Radiation Risk for Electronic Blocks ... 

consider two types of solar flares. The first type are the ordinary solar flares (OSF) 
- rather frequent events. The second type are the anomalously large solar flares 
(ALSF) which are observed very rarely. 

The dose from an isolated big ALSF can be 10 times greater than the one 
year accumulated dose of OSF. Such ALSF have been observed once or twice per 
cycle during the last three solar cycles. The occurance of a particular solar flare is 
unpredictable. Its duration is from a few hours to a few days. This means that it 
is practically impossible to switch the satellite off by means of a telecommand in 
order to protect it. In Fig. 1 a typical example of the expected tot.al dose of one 
year flight in the interplanetary medium with and without big ALSF behind an 
alluminium screen is shown. 

2.4. Radiation in the Martian orbit 

The effect of the magnetic field in the Martian mbit can be neglected and the 
atmospheric shielding is inefficient. But, taking into account that Martian orbit is 
at about 1.5 a.u., the solar particles flux is expected to be a factor 2.25 smaller 
than the value around the Earth. 

3. Models 

3.1. Formulation of the problem 

Two types of damages in electronics can result from radiation - temporary or 
permanent damages. The latter practically destroy the instruments. 

Damage depends on the acquired dose and on the operational status of the 
instrument (ON/OFF). Permanent damages are comparatively insignificant when 
the device is OFF [2]. 

There are ma'ny models for calculating the accumulated dose during the flight. 
They should be used taking into account the operational status of the instrument 
as an important parameter. The operation time is important because of two ef
fects. The first one is related to the so-called "sensibility to single events". Heavy 
energetic ions and photons are not efficiently absorbed by shields and may lead to 
different processes in electronics, resulting mainly in temporary damages. These 
effects only occur when the instrument is ON. 

Permanent degradation because of accumulated doses is the second effect in 
which the operation time should be considered. An important mechanism leading to 
permanent damages is the formation of interface traps in MOS- devices. However, 
these effects only occur if the instrument works several hours immediately after 
irradiation [3]. 

In our particular case a correction factor should be used, proportional to the 
ratio of the operation time to the total mission time. 

All known models assume an isotropic distribution of the incoming radiation. 
This is true for the galactic sources and the secondary sputtered radiation . In the 
case of the expected 500 rad 1-rays from the sterilization bank, the solid angle 
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is well defined. For a given solar flare the primary ions flux moving along the 
interplanetary magnetic field can be roughly considered divergence-free. 

Considering our probe model it should be kept in mind that all conventional 
models don't take into account the particular conditions such as the form of the 
shield or the angular distribution of the incoming flux. 

3.2. Langmuir probe model 

The radiation sources for the LP are considered to consist mainly of galactic rays 
and regular OSF plus at least one ALSF and the dose from the sterilization oper
ations. So the radiation model for the LP will be 

JdO 
<I>(r) = <l>st + <I>alsf + 4.5a 

4
71' (1) 

where <I>(r) is the accumulated dose from direction r; 0 is the solid angle around r; 
a is a correction factor for the operation time; <I>st is the impact of the sterilization 
operations for each electronic element in 471' sr; <I>alsf is the total dose as a result of 
one big ALSF behind a standard shielding. 

During "Phobos" mission the measured accumulated dose for 8 months was 
1.5 krad over 471' sr behind a standard alluminium shielding with mass density of 
1 g/ cm2 . We suppose that the conditions during the flight to Mars in 1994 will be 
the same as during "Phobos" mission, and for two years (the expected duration of 
the flight) the accumulated dose will be 4.5 krad. 

In the worst case when a big ALSF occurs in the beginning of the flight, i. e. 
when the vehicle is at a distance of about 1 a.e. from the Sun, the effective dose 
according to the curves in Fig. l will be 2.5 krad behind a standard shielding. In 
this case we assume a randomly oriented but quasi-parallel distribution functioin 
for the incoming primary flux . 

<I>st is assumed to be 0.5 krad. 
As the accumulated dose is normalized over the shielding, its exact form and 

thickness should be considered. In a first approximation we assume that the ab
sorption is proportioinal to the shielding's density in the range of 1- 10 g/ cm2 (4). 
For an alluminium alloy with a density 2.75, a shielding of 1 g/cm2 corresponds to 
a thickness 1/2. 75, i.e. about 3.6 mm and the dose <I> for 1 g/ cm2 will be 3.6 <I>/ D..r 
behind alluminium (or equivalent shielding with a thickness D..r in mm). Then Eq. 
(1) becomes 

9 J dO <I>(r) = 0.5 + D..r + 16.4a 47rtl.r; D..r :5 1 mm. (2) 

The first term from the sterilization tank remains constant because the 1-rays 
penetrate freely into the box. For the second term expressing ALSF by means of 
quasiparallel fluxes the shielding from each direction should be considered. First 
we shall estimate the last term describing the isotropic impact. Let the electronic 
element be located under a rectangular plate (Fig. 2). The radiation received by 
the chip depends on the solid angle at which the plate is viewed by the chip. For 
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simplicity we can divide the plate into four parts and then sum up the impacts 
from each of them. Now our element is located at a distance d under the edge of 
a rectangular plate with a thickness 8 and dimensions h and /, as demonstrated in 
Fig. 3. In this case . 

z 
103 

x 

Fig. 2. Geometry of the electronics block of the Langmuir probe in a spacecraft coordinate 
system 

Fig. 3. Geometry of a plate with thickness 6 and size h x l at a distance d above the 
irradiated material 

dO. = cos ()d()d<f>; 
8 

~r= sinO· {3) 

Then the dose acquired by the target from the solid angle 0., limited by the plate's 
surface will be 

<l>;{O.) = 16.4a /3{0.) 
8 

(4) 
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where /3 is a coefficient for the field of view given by 

[ 

0 ~12 

/3(0) = 
4

1
71" J J sin() cos BdBd¢ 

-arctg(I/ h) - arctg( d cos¢/ h) 

-arctg(l/h) ~/2 l 
+ j j sin() cos BdBd¢ . 

-~/2 arctg(dsin ¢/1) 

(5) 

The result of this integral is 

I 
7r (y'h2 + d2) 7r (..//2+<I2) I - - arctg - - arctg 

1 2 I 2 h 

/3=811" Jl+d2/h2 + Jl+d2/12 
(6) 

Equation (6) is applicable to any construction made of separate plates. If we 
consider for example the simple case of an electronics chip located in the centre 
of a rectangular plate of size 21 x 2h, the total contribution of this plate will be 4 
times the above value. 

Let us now consider our particular block. Its geometry is shown in Fig. 2 in x, 
y, z spacecraft coordinates. For electronics located in the centre of this module the 
coefficient for the field of view from the different directions according to (6) will be 

/3(x) = /3(-x) = _i_ { 7r/2- l.189 + 7r/2- l.022} = 7_2 x 10_2 

871" 1.779 2.29 

/3( ) = /3(- ) = _i_ { 7r /2 - 1.189 7r /2 - 0.8749} = 1 10-1 
y y 811" 1.209 + 1.72 .4 x (7) 

/3(z) = /3(-z) = _i_ { 7r/2 - 1.189 + 7r/2 - 0.695} = 1.68 x 10_ 1 _ 

871" 1.11 1. 229 

The equivalent of alluminium for face - z is at least 20 mm because the instrument 
is fixed to the boom on this wall. So the input from this side will be 

16.4a 
cl>;(-z) = ----W- + 0.168 = 0.138a. 

On the wall in x direction the ultraviolet sensor is mounted and the effective thick
ness can be assumed to be 5 mm. In -x direction are the mount_ing elements of 
the cylindrical probe boom and the effective thickness can also be assumed equal 
to 5 mm. 

16.4a 
~(x) = ~(-x) = -

5
- + 7.2 x 10-2 = 0.236a. 

From the other sides the only protection is the box of the electronics with an average 
thickness of 1 mm. Therefore 

cl>(y) = cl>(-y) = 16.4a + 0.14 = 2.3a 

cl>(z) = 16.fo + 0.168 = 2.75a. 
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The total accumulated dose of isotropic radiation thus becomes 

6 

<I>i(LP) = L <I>i = Ba. 
i=l 

Supposing there can be one big ALSF through one of the unprotected sides with 
1 mm thick, <I>alsf will also be 9 krad and the total accumulated dose will be 

<I>(LP) = 0.5 + 9 +Ba. 

Assuming that the instrument will be ON during half of the flight, i.e. a = 0.5, 
<I>(LP) = 13.5 krad. 

For most of the electronic components this is an acceptable dose that would not 
lead to their destruction. However, taking into account that most of it (9 krad) 
can be received in a very short time, we decide to increase the thickness of the 
wall from 1 to 4 mm in the region around the most sensitive elements. In this way 
the dose will be reduced to 5 krad and the device will be enough protected against 
radiation damages. 
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