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I. INTRODUCTION

Because of thelr very large volume and extreme sensitivity, extrinsic
infrared detectors{l] operating above the atmosphere may be quite vulnerable
to single ionization events resulting from energetic ionized particles in
space. This paper describes a method of applying existing techniques for
calculating the intensity distribution of false signals resulting from cosmic
rays as they impinge upon a silicon detector of given dimensions. The result
is a plot of the amplitude distribution expected from near earth cosmic ray
events., The program can also make comparisons of various shielding models and

the effects of different particles and particle spectra.
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II. SPHERICALLY SYMMETRIC SHIELDING MODEL o
e
Figure 1 illustrates how the "straight ahead” approximation is used to {{”
determine the particle flux inside a spherical cavity. Data from range-energy 5?‘
. .J'
tables are functionalized by means of an interpolation program yielding R(E), =3

range as a function of energy, and its inverse, E(R). Then

-
[}
AR

E, = E(R(Ey) + Tg) (1) o

AL

where E; is the energy of the particle incident on the shield and E, is the
energy of this particle after it is degraded by the shield thickness Tg.

:: Equation (1) is also the basis for determining deposited energy in the sensi- :f?
E tive region of the detector. The degraded flux spectrum, which for spherical ~p

geometry is assumed to be the flux incident on the detector, becomes

¢2(E2) = ¢1 (El) x (dEl/dEZ) (2)

where 01 (El) is the flux spectrum incident on the shield as obtained in this
case from the work of Adams et. al.[2], and the derivative (dE,/dE;) is ob- T
tained from Eq. (1). R

The effects of shielding on the proton and helium spectra are illustrated
in Figures 2 and 3, respectively, for two widely different shielding thick- }Fl
nesses. Note that once the very low energy component is removed, the shield ﬁ{:

thickness has little effect on the spectrum. ;;?

Secondaries coming from the shield were neglected in this calculation,
There are two sources of secondaries to be considered: (1) those resulting
from nuclear reactions between the incident energetic nuclef and the nuclei of
the shield material, and (2) those resulting from hot electrons produced by >
the highly ionized tracks of the incident nuclei. The cross sections for
nuclear reactions are known and indicate this source of secondary generation ;i:
to be negligible compared to the primary particle event rate. No attempt was
made to estimate the secondaries resulting from hot electrons but it seems
reasonable that such events if present would produce only low energy or low

magnitude pulses. Qsh
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R(E) = RANGE vs
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FLUX INSIDE SHIELD

ER) = ENERGY vs 2
(No. /(cm®-ster-MeV-sec))

RANGE
QZ(EZ) - Ql(El) X (dElldEz)

WHERE: E1 . E(R(Ez) + Ts)

Figure 1. Spherically Symmetric Shielding Model
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III. DEPOSITED ENERGY

The omnidirectional particle flux inside the shield creates tracks of
highly ionized regions (hole-electron pairs) in the detector. Esseatially all
of the energy deposited within the sensitive volume of the detector creates
hole-electron pairs (one pair per 3.6 eV) which are collected and amplified by
the electronics to produce an output pulse. To get a pulse height distribu-
tion we first determine the deposited energy distribution.

Consider the minimal event which we define as the passage of a proton of
energy E ;., corresponding to the minimum in (dE/dx), perpendicularly through
the smallest dimension of the parallelepiped shaped sensitive volume. Then
the resulting deposited energy corresponds to the energy of the maximum of the
deposited energy histogram. For protons dE/dx at Eg;, is 1.7 MeV-cmzlgm. The
deposited charge in Coulombs is (dE/dx x 10% x s x 1.6 x 10719/3.6) =
(7.56 x IO'IA x g) where, in this case, s, the chord length in gm/cmz, is the
thickness of the detector. For a 100 ym thick (0.0233 gm/cmz) extrinsic
detector, the minimal event deposits a charge of 1.76 x 10-3 pC, or about 104
e.h. pairs. This is quite large compared to many infrared signals likely to
be encountered. Assume the pulse is amplified by a conventional trans-
impedance amplifier (TIA) as in Figure 4. Since the pulse is very fast, it
can be shown that the output of the TIA is V_ = Q/Cpp, i.e., the deposited
charge divided by the feedback capacitance. For Cpg = <01 pf V, is about 0.2

volt, much larger than the usual sources of noise.

Calculations of single event rates for microelectronics invariably assume
that the deposited energy is (LET) x (chord length, s, of the track through
the sensitive volume). LET, the linear energy transfer, is dE/dX. This "LET
approximation” is quite safe for microelectronics because of the very small
dimensions involved. For IR detectors, in some cases hundreds of microns
thick, the LET approximation may well be inadequate. Thus, for the present
calculations, the average deposited energy DE is computed from the range-

energy relation for each component of the cosmic background:
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DE =

E) for E, < E(s)
(3)

E2 - E(R(Ez)—s), for E, » E(s)

2

where E, 1s the energy of the particle after it has been degraded by the
shield, but before it has entered the detector. Note that the total incident
energy, Ep, is deposited in the detector if it is less than the energy re-
quired for a range of s. If E, is greater than this the particle will escape
the sensitive region and DE is E, minus the energy of the particle as it
escapes from the sensitive region. To accouat for collection of charge by
diffusion one may add a small amount to the dimensions of the detector to
estimate its effective dimensions. This has not been done in the present

calculations.

Figures 5 and 6 plot DE (EZ) for two widely differing values of s: 0.1
and 1.75 gm/cmz, respectively. Also plotted with the dashed line is the LET
approximation (s x dE/dx). It is seen that the LET approximation is very good
for those protons that are not stopped within the sensitive volume. But for
those stopped (E; < E(s)) the LET approximation greatly overestimates the
deposited energy. For s = 0.l gm/cmz, there are very few protons of energy
Ey) < E(s) = 6.6 Mev (.02%). For s = 1.75 gm/cm2 about 0.2% of the incident
protons are less energetic than E(s) = 4.0 MeV (see Figure 6). Thus, using
the LET approximation could affect the shape of the pulse height histogram in
the very large pulse height region if the dimensions of the sensitive volume
are large enough. If the maximum chord length is less than about 0.75 cm
(1.75 gm/cmz) the LET approximation should be reasonably accurate. In the
present calculations, however, the more accurate method (Eq. (3)) is retained

for purposes of generality.
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IV. AMPLITUDE DISTRIBUTION FUNCTIONS
The function DE (Ez) for a given chord length s through the sensitive
volume can always be divided into three monotonic intervals: (O < E
< E(s)), (E(s) < Ey < Epyn)» and (Ep > Epyn)e (In Figures 5 and 6 the minimum
in DE corresponds to Eine) Let Ng (DE) be the deposited energy distribution
for a given s; 1.e., Ns (DE) x ADE is the number of events/cmz-ster that"
deposit energy in the range DE to (DE + ADE). Thus, the contribution to
NS(DE) by the ith interval {is:
Eav
N (DE) x|aDE| = [ 0,(E,) dE, (4)
2L
where E5; and E,y are, respectively, solutions of Eq. (3), as follows:
- DE = DE (EZL’S)
DE + ADE = DE (E,;, S) (5)
Equation (4) assumes that the probability, P(DE), of depositing energy DE is a
delta function: P(DE) = § (DE - DE). This is a very safe assumption for
protons and heavier particles. The total contribution is the sum of the
three; NS(DE) = ZNSi(DE) provided the ADE intervals are the same. For the
total distribution Nj(DE) of deposited energy produced by the jth component we
utilize the exact chord length distribution of Petroff[3], F , as follows:
S
— max
Nj(DE) = 41 x Apx ({ N (DE) x F_ds (6)
wherelxé 1s the average projected area of the sensitive volume and Spax 1s its
largest chord length:
2 2 2,0.5
Smax = (L® + W° + H7) n
17
e e e S

PN A

&
:

Lt 17 Ta et

L S,
et [
‘ el [N
fol by :

.ﬂ“,"'.

A

et
L

I TR L W

,....,,
l‘v"".i ‘¢ .
DA
V'l R et
SO

P g
I
e .t

* 8 9
AP

l' ’. 1
1]
St

[ '-. "ﬁf‘ ‘,
T,

YN

S
a
v PP,

ik




BN S i Sl i i LEMEIAARIL SN g ST o

where L, W, H are, respectively the length, width and height of the parallele-
piped shaped sensitive volume. The total distribution is the sum of those
produced by individual components: N(DE) = 5 Nj(DE). 1In the present calcula-
tion we considered protons and helium only. 1In other calculations we found
that the inclusion of heavier elements make no noticeable difference. The

cumulative distribution is

DE(S_,.)
CN(DE) = [ N(DE) x dDE (8)
DE

One can calculate the total number of cosmic ray particles per cm? of
average projected area that penetrate the sensitive region by integrating
Adam's spectra (after a moderate amount of shielding). This gives 1.64
events/cmzsec and agrees quite well with CN(O) obtained from Equation (8),
confirming the internal consistency of the calculation.

~1 .
dv
)

d(DE)
where the peak output voltage, V, is obtained from linear circuit theory for

To convert Eq. (8) to output voltage distribution, N(V) = N(DE) x (

the circuit of Figure 4:
= &
V C V (9)

FB rm

where Cpp is the capacitance across the feedback resistor, Rpp, of the TIA, G
is the D.C. gain of the following amplifiers, and Q is the collected charge:

Q = 4.44 x 10'20 x (DE). From linear circuit theory, Vnorm

R’ TFB? and Tps which are respectively the response time of
the detector (carrier lifetime), Rpg Cpg, and 1/2nf°, where £, is the roll off

can be determined

as a function of T

frequency of the following amplifiers. If R is very small compared to the

smaller of Trp and s (which is usually the case) then

- 12/ (z-D)]
norm

(10)
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where, Z = 1,/ The derivative is obtained from Eq. (9).

T, /T, LA

A" 'FB d(DE)
Equation (10) is plotted in Figure 7 to show its monotonic behavior.

& Thus to decrease the effect of the spurious cosmic ray pulses one should

. increase the amplifier's response time and decrease the parasitic capacitance

across the feedback resistor of the TIA as much as possible without loss of

signal amplitude. This requires keeping T, less than the dwell time or the

pulse width of the optical signal.

In Figure 8 the cumulative amplitude distribution calculated for an array
of extrinsic detectors shielded with 62 gm/cm2 of high Z material is plotted
as a function of amplitude in arbitrary units. (An array of N identical
detectors would have an event rate of N times that of a single detector.)

This array has also been flight tested at low orbit where Van Allen radiation
can be neglected, but above the earth's atmosphere. Thus, a likely candidate
y for the cause of fast, spurious output pulses would be near earth cosmic

rays. The effect of earth shielding was taken into consideration by assuming
exposure to only 2% steradians of omnidirectional cosmic rays. The cumulative
amplitude distribution of "fast, spurious” output pulses obtained during the
flight test 1is also plotted in Figure 8 against the same scale. Considering
the uncertainty in particle fluxes, the agreement is very good, except at low
pulse heights where the calculated values are too low. This might be the
result of secondaries produced in the thick shield since these secondaries
were not included in the calculation and are expected to lie in the low ampli-

tude region.
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V. CONCLUSIONS

Good agreement was obtalned between the calculated amplitude distribution
of cosmic ray events and the spurious events observed in an extrinsic detector
during a flight test below the Van Allen radiation belts. The date of the
flight was taken into consideration according to the recipe described by
Adams[2]. Although the deposited energy was determined from the range—energy
relation it appears that the LET approximation would be adequate for detectors
whose maximum dimension 1s less than 0.75 cm. A method of decreasing the

amplitude of these pulses by taking advantage of their fast risetime was
described.
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LABORATORY OPERATIONS

The Aerospace Corporation tunctions as an "architect-engineer” for
national security projects, specializing in advanced military space systems.
Providing research support, the corporation’s Laboratory Uperations conducts
experimental and theoretical investigations that focus on the application of
scieatific and technical advances to such systems. Vital to the success of
these investigations is the technical staff's wide-ranging expertise and its
ability tu stay current with new developments. This expertise is enhanced by
a research program aimed at dealing with the many problems associated with
rapidly evolving space systems. Contributing their capabilities to the
research ettort are these individual laboratories:

Aerophysics Laboratory: Launch vehicle and reentry tluid mechanics, heat
transfer and flight dvnamics; chemical and electric propulsion, propellant
cuemistry, chemical dynamics, environmental chemistry, trace detection;
spacecraft structural mechanics, contamination, thermal and structural
control: high temperature thermomechanics, gas kinetics and radiation; cw and
pulsed chemical and excimer laser development including chemical kinetics,

spectroscopy, optical resonators, beam control, atmospheric propagation, laser
eifects and countermeasures.

Chemistry and Physics Laboratory: Atmospheric chemical reactions,
atmospheric optics, light scattering, state-specific chemical reactions and
ruliative sipnatures of missile plumes, sensor out-of -field-of -view rejection,
applied laser spectroscopy, laser chemistry, laser optoelectronics, solar cell
physics, hattery electrochemistry, space vacuum and radiation eftects on
materials, lubrication and surface phenomena, thermionic emission, photo-
sensitive materials and detectors, atomic frequency standards, and
envitonmental chemistry.

Computer Science Laboratory: Program verification, program translation,
performance-sensitive system design, distributed architectures for spaceborne
computers, tault-tolerant computer systems, artificial intelligence, micro-
electronics applications, communication protocols, and computer security.

Electronics Research Laboratory: Microelectronics, solid-state device
physics, compound semiconductors, radiation hardening; electro-optics, quantum
electronics, solid-state lasers, optical propagation and communications;
microwave semiconductor devices, microwave/millimeter wave measurements,
diagnostics and cadiometry, microwave/millimeter wave thermionic devices;
atomic time and frequency standards; antennas, rf systems, electromagnetic
propagation phenomena, space communication systems.

tences Laboratory: Development of new materials: metals,
allnys, s, polymers and their composites, and new forms of carbon; non-
destructive evaluation, component failure analysis and reliabliity; fracture
mechanics and stress corcosion; analysis and evaluation of materials at
cryogenic and elevated temperatures as well as in space and enemy-induced

environments.

Space Sciences Lahoratory: Magnetospheric, auroral and cosmic ray
physics, wave-particle interactions, magnetospheric plasma waves; atmospheric
i awnosphecic physics, density and composition of the upper atmosphere,
remote sensing using atmospheric radiatlon; solar physics, infrared astronomy,
intrared signature analysis; etftects of solar activity, magnetic storms and
nuclear explosions on the earth's atmosphere, fonosphere and magnetosphere;
etfects ot electromagnetic and particulate radiations on space systems; space
instrumentation,
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