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PARAMETERIZATION OF SECONDARY AND BACKSCATTERED - L
ELECTRON YIELDS FOR SPACECRAFT CHARGING ICSCROTE

Justin Christensen, Phil Lundgreen, and JR Dennison USU Materials Physics Group, Utah State University

Abstract

Spacecraft charging codes model the interactions between energetic electrons and spacecraft materials through material properties called electron yields (EY). The accuracy of spacecraft charging calculations can be critically
affected by the availability of accurate EY data for materials and by how the measured data are parameterized for use with spacecraft charging codes. This work investigates the effectiveness of various EY fitting models.

Most often total electron yield (TEY) is characterized by two separate parameterized curves, a secondary electron yield (SEY) curve for low-energy emission <50 eV and a backscattered electron yield (BSEY) for high energies >50
eV. Typical semi-empirical models describe the SEY as a function of incident electron energy in terms of material properties such as atomic number, mean excitation energy, electron range, and mean free path. Other purely
empirical models use parameters which define the shape of the resulting curves rather than physical material properties. The models are usually presented in reduced form, with yields scaled by the maximum yield 6, and
energies scaled by the energy E, , at 6,,,,. The complexity of SEY models considered here can be classified by the number of free fitting parameters, beginning with 6, ., and E_, to include a total of 2, 3, 4 or 5 parameters. BSEY
models considered include a single-parameter empirical model widely used in most spacecraft charging codes and extended empirical models with 3 and 4 free parameters.

Some electron yield models were found to be more effective than others at approximating the measured yield curves of certain materials or energy ranges; this has been quantified for each of several common spacecraft
materials using y? statistical analysis. The implementation of parameterized electron yield models in various spacecraft charging codes is also discussed.

l. Introduction V. Backscattered Electron Yield V. Photo-Yield and lon-Yield

Electron induced electron vield describes how a material will The equations that the USU MPG uses to model BSEY as a function of incident
charge electrically due to electron emission caused by incident energy originate from NASA’s spacecraft charging simulation software NASCAP 2k
electron, photon, or ion bombardment. Understanding this (Katz, et al, 1977). The formula that NASCAP uses to model BSEY has little to no

The total yield (TEY) is comprised of four different yield sources. SEY,
BSEY, lon yield, and photo-yield. 074t = 5+ nto;on+opnote 1 OTot diPS

below 1, ie. There are more electrons impinging on the surface than

process is critical to the fields of spacecraft charging, electron physical basis. It.was designegl to reproduce .the typicgl BSEY trends, which have leaving, a net negative charge will begin to form. This net negative
microscopy, particle accelerators, as well as many others. Many been seen experimentally. This model.has a flxeq maximum height of 1.0 at 1000 charge creates a repelling force towards low energy electrons and
spacecraft charging models use understanding of electron yieldto €V, and the only free parameter 77y adjusts the high-energy asymptotic value (See prevents their capture by the surface. Because this negative charge does
predict how spacecraft will react to the space plasma  lable 2, Fig.5). not affect SE and BSE [Nickles, 2000], charge can accumulate rapidly,
environment and to mitigate negative effects such as electrostatic NASCAP Parameterizes BSEY curves in terms of an effective atomic number Z¢. leading to an abrupt increase in negative charge accumulation. (o;,, is
discharge, the production of stray electric fields, and The BSEY for normal incidence at high energies (above ~10keV), 1y, has a constant affected by negative charge accumulation due to the electrodynamic
cathodoluminescence. The effectiveness of these models relies  \51ye [Burke, 1977; Darlington, 1972] given in terms of Zerr by the relation [Katz, attraction between the negative surface and the positive ions. However,
heavily on the accuracy of available yield data and on the chosen  1977) \while the BSEY as a function of incident energy is given by [Katz, 1977](See 01on has a much smaller effect upon o7, as observed by [Olsen, 1983].)
mathematical models used to fit this data. Table 2). Th , , o , ,
. e total yield associated with ion bombardment of a sample is typically
Il. Assum ptIOnS The NASCAP model rises from zero at 50 eV, to a maximum value at 1000 eV, then very small and so is often overlooked in favor of a electron yield
The majority of vield models all make some common it falls toward a horizontal asymptote of 175. A similar method of calculating BSEY consisting Of.SEY fﬂnd BSEY only. The reasoning behind the practice of
assumptions. The most popular assumptions are listed below. is utilized by the SPENVIS program assumes a value for 14 as 1 — 0.7358%937Z for overlooking ion-yield can be made apparent from the small yields
o | | o surface energy values 1,000 < E, < 100,000. Where Z is the atomic number. With associated with the large lon Energy. At 6keV the yield associated with
* The problem is limited to 1 Dimension (Normal incidence only  ; oyplicit method mentioned in the SPENVIS literature, there are many options He ions is a mere 1.4 electrons/ion.(See Fig.2a ).

is considered)

e A Continuous Slowdown approximation is made (Energy is
deposited continuously over path of incident electrons.)

e The number of secondary electrons(SE) are assumed (Electrons
produced per penetration depth o« energy deposited)

e The probability of emission is estimated (Probability of SE
depends on an exponential decay term and the probability of

for users to determine Z in the case of polyatomic molecules. A simple mean
atomic number as implemented in NASCAP[Mandell, 1993] is very popular
method of determining Z.

Photoemission at constant reflectivity [Lai, 2008] increases
approximately as 1/cos o, Where @ is the angle of incidence from normal.
Because reflectivity scales with cos¢@ and photo-yield is directly
7 — &ZatbZpt-n-Zn proportional to reflectivity, changes to the incidence angle will also

a+b+:-m affect the charge rate (See Fig. 2b,2c).
where a, b, ...n are the atomic coefficients present in the molecule, and z,, z,, ... z,

are the atomic numbers of the various atoms present in the compounds; eg.,

overcoming the surface bar'rler) _ polyethylene (CH,),, has a mean atomic number of (6 +1 +1)/3 = 2.7. \A o Refe rences
e An electron range model is selected for SEY (various models . ECSS-E-ST-10-04C November 2009 “Space Environment”
exist the most common are power |aW mode|s) . ] . . e E.M. Baroody, “ A theory of secondary electron emission from metals,” Phys. Rev. 78, 780.,1950
An aIternatlve method to dete rmine Z SpeCIflca”y meant to determlne VA for phOton- e E.A. Burke, "Secondary Emission From Polymers," IEEE Transactions on Nuclear Science, Vol. NS-27, No. 6, 1980
. . e EHDarlington and V E Cosslett, " Backscattering of 0-5-10 keV electrons from solid targets," J. Phys. D: Appl. Phys. 5 1969
d I . I d energy absorptlon; haS been dEtermlned by ManOhara [ManOhara 2007] Where e |. Katz, D. E. Parks, M. J. Mandell, J.M. Harvey, D. H. Brownwell, S. S. Wang, M. Rotenberg, “A three-dimensional dynamic
I I I ° S e CO n a ry E e Ct ro n YI e Oa.en . . . . study of electrostatic charging in materials,” NASA CR-135256 S-Cubed Rep. SSS-R-77-3367, NASA, Greenbelt, Md. 1977
Zman - Where O-a,en IS the effECtIVE (ave rage) atomic energY' abSOrpthn Cross e Shu, Lai, “On the anticritical temperture for spacecraft charging,” Journal of Geophysical Research 113, 2008
The majority of seconda ry y|6|d formulas are written in the Oe,en H f | e M.J. Mandell, “NASCAP Programmer’s Reference Manual,” NASA Contractor Report 191044, 1993
. . . I I I I - I ion. e S. R., Manohara, and S.M. Hanagodimath, “Energy dependance of effective atomic numbers for photon energy
Reduced Yield Formula[Baroody, 1950] It is used in p|OtS where SECtIOn, and O-a’en 's the eftective electronic enersy abSOrpthn cross section absorption and photon interaction: Studies of some biological molecules in the energy range keV-20Mev” , 2007
S(EO) . . Eg .  Neal, Nickles, "The role of bandgap in the secondary electron emisson of small bandgap semiconductors: studies of
is plotted against and is only dependent on parameters graphitic carbon,” 2000
5max Emax e R.C.Olsen, "A Threshold Effect for Spacecraft Charging," Journal of Geophysical Research, Vol 88, Pg 493-499, 1983

m and n. Many models use some variation of this form. Table 1

gives a summary of many models listing their fixed and free R(E, )
: : : R( Emax) c c max
parameters along with the appropriate ratios for r = 3 : | 2 1
SE

( Young, 1957; Dionne, 1973;Whipple, 1981) [0 1.35 1.114 2.28 2.283
0 1.4 1.1349 2.161 2.138
0 1.66 1.24 1.626 1.629
Fig. 1. Yield model comparisons. 0 1.67 1.28 1.614 1.614
Graphs show the above model (Eq 0 173 153 128 1533
9 for 4 = 005, y = 001, solid), : 18 131 1.45 1.45
n = 1.50 (dashed), and n = 1.65 (Whiddington, 1912; Terrill, 1923; ; Bruining, 1.396 1.26
(dot-dashed) in (a) linear and (b) 1938; Baroody, 1950) 0) 2 1.256
log-log form. Markers indicate first ! . o — 1
and second crossover energies 0 e
(Eiand E,), as well as the energy e —r—1 i
of largest yield, E.. ..., with the
assoc?atedyyield, (gn,z;x, for then = (1 —&n _ 1 [exp(r

1.5 case.
Fn.&rcn' l'.a\"l I:f‘leU"\.' rP\‘}

variable

Table 1. Comparison between several

range and SEY models with their Incid NASCAP SPENVIS USU Modified BSEY
ent Energy (E

associated coefficients. BY (Bs) NMnas (Eo, o) [Katz 1977] Nsp(Eo) [ECSS, 2009] Nusu (Eo)

>100,000 0

&%  LISL He Yoeld Daka
~—- MASCAF Fit
— Extended Fit

B USL AR Y sld Data

—— Absorbed Photon energy
— Yield Measured

_(EO_Emax)

lon-Induced Electron Yield {electrondion)
Photon-Induced Yield (electron/photon)

10,000-100,000 01. e~S00%7 + 770] 1 — 0.73580-0372 [l —10) e B 4,
| 1,000-10,000 e —E,
Table 2. Comparison between several (USUE, .. < Eo) 1=073587 + 0.1 exp(G504)

1 l l 1 1 l 1 1 1 1 1 l
130 140 150 160 170 180 190 200 210 220 230 240 BSEY models used by the most log(EO/SOeV) logEO/SOeV [1 109(E°/5Oey)
lan Energy (2V) Photon Wave Length (nm) pOpU|ar Charge mOdelmg programs. 50-1,000 log(10008V/50 V) 10g1000eV/508V log(Em‘“‘/SO V)
. e
Broken up by the ranges for which (USU 50 < Eg <Emax) o ‘ ] - 07358977 4 0.1 exp (| By ~Ema)
+10.1- e5000ev + 75, ' =P \5,000 -[(nmax—no)'e i +770]

aspects of the models are effective.

0 0 0

Fig. 2. (a) Comparison of low energy ion yield for Helium and
Argon on a Gold sample. An Extended fit as well as the
NASCAP fit has been included. (b) Photon-Induced yield as
a function of Wavelength with electron yield (lower curve)
and absorbed photon energy (red upper curve.) (c)
Reflectivity of sample as a function of incident energy
showing specular reflection for normal incidence.

— L L T Fig. 5. BSEY vs incident
beam energy for a clean
1P EESEC::FTIFEI : polycrystalline Au
k-l CUCCL S I surface. Measured data,
using a low density
electron beam. To show
a comparison between
different fitting methods
BSEY data have been
plotted with the
NASCAP Fitting method
as well as the USU MPG
3 parameter fitting
method.
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