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SUMMARY

In the context of the spacecraft charging technology investigation, stud-
ier have been made to characterize the response of typical spacectaff. surface
materials-to the charging environment. The objective is to obtain an under-
standing of the charging and discharging behavior of such materials for the
reliable prediction of spacecraft response to charging eavironmernts and as a
guide for the design of fututre spacecraft. aterials have been characterized
in terms of such basic properties as resistivity and secondary emission and in
terms of charging and discharging behavior in simulated charging environments.
Botbh types of information are required to develop adequate predictive capabili-
ties. This paper summarizes the results obtained to date, assesses the present
understanding of charging and discharging behavior, and identifies areas in
need of further study.

INTRODUCTIOR

The spacecraft charging technolcgy investigation is being conducted to
provide design guidelines and test standards for the control of absolute and
differential charging of geosynchronous spacecraft (ref. 1). Attainment of
this objective requires development of the capability to predict spacecraft re-
sponse to charging environments. The phenomenology of spacecraft charging re-
sponse consists bausically of the electrostatic charging of spacecraft surfaces
by the environment and the arc discharging of differentially charged spacecraft
surfaces, including the coupling of the discharge energy into spacecraft elec-
trical systems. During these processes, the spacecraft's surface materials in-
teract with che environment, with each other, and with the spacecraft's struc-
ture and electrical systems - largely through the absorption, emission, and
conduction of charge. The response of a2 given ares of surface material depends
on the environment, the properties of the material (resistivity, secondary
ylelds, dielectric strength, etc.), and its configurstion (i.e., its geometri-
cal and electrical relationships to other portions of the spacecraft). Reli-
able prediction of spacecraft charging response thus requires accounting for
the effects of both the basic properties of spacecraft mater’als and their con-
figurations on their charging and arc discharging behavior.

Materials are characterized for spacecraft churging by identifying and
describing their particular traits or features, in configurations typical of
spacecraft construction, that determine a spacecraft's charging response in a
given environment. Materials characterization studies have three objectives:

437



(1) to support model development by providing insights into the mechanisms that
determine charging responses, (2) to identify the values of material property

parameters that are needed as inputs to modeis, and (3) to provide the data re-.. -

quired to validate models.

Three approdcaes have beéen taken: Literature reviews have been made to
locate relevant information. Experiments have been performed in which samples
of spacecraft materials in various configurations were exposed to charging en-
vironments (in general, to electron beams). Parametric studies have exercised
models of the charging phenomena to ldentify the importance of various parame-
ters in determining charging response.

For purposes of materials characterization, the spacecraft charging phe-
nomena can be divided into two classes, charging and dischacging. Charging
characteristics are those that determine a surface's equilibrium potentiel in
a specified environment and its charging rate. Discharging characdteristics are
those that determine the conditions causing an arc discharge to occur and the
features of the discharge. Coupling of discharge energy into spacecraft sys-
tems depends on the features of the discharge and on spacecraft design. From
the materials characterization standpoint, coupling does not constitute a sepa-
rate area of investigation, but rather defines a requirement for an arc de-
scription in terms of the arc's electromagnetic signature. Both the charging
and the discharging responses are affected by the properties of the materials,
by their configurations, and by the environment. Identifying the roles of
these effects and their relative importance in determining charging and dis-
charging responses is an essential part of materials characterization.

The present paper summarizes the status of materials charsactetization
studies in terms of progress toward attaining the three gbjectives for the two
classes of response.

CHARGING RESPONSE

Mechanisms

Charging is the response by which a surface comes into equilibrium with
its environment. The environment of interest consists of charged particles and
photons incident on the surface. The surface interacts with this environment
by absorbing, emitting, and conducting charge and thereby acquiring a potential
relative to the environment such that, in equilibrium, the net current to the
surface is zero. This must be true at each point on an insulating surface.

The mechanism by which orbiting spacecraft acquire nonzero potentials was
known well before spacecraft charging became recognized as an operational haz-
ard (ref. 2). The observed charging of geosynchronous spacecraft to negative
kilovolt potentials is attributed to the same current-balance mechanism oper-
ating in the geomagnetic substorm environment, in which the plasmas are charac-
terized by kilovult temperatures (refs. 3 and 4). Charging-response models
vary widely in the sophistication of techniques used to calculate incident,
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omitted, and conducted fluxes to surface elements but have in common the condi-
tior of zero net current to all surface eleménts in equilibrium (refs. 5 to 8).
The time required to attain equilibrium depends on the net cutrents to various
surfaces and the capacitarices irn the system (refs. 8 and 9).

The problem of determining charging response thus reduces to calculating
net currents to surfaces. The net current to a particular surface element is
simply the sum of incident, emitted, and conducted currents. These currents
depend on the environment, the properties and potential of the surface element,
and the effects of its surroundings.

Material Properties

The simplest case to consider is that of an isolated slab of insulation.
In this case, a surface element interacts with the external environment and, if
it is an insulator, with the metal structure directly beneath it. Current den-
sities to a surface element of such an insulator are illustrated in figure 1.
The current densities depicted are those considered significant for charging
response in the geosynchrorous substorn environment, in which electron and ion

distributions are expected to have temperatures in the kilovolt range (refs. 2,
8, and 10).

In this siniple case, current densities of incident ions and electrons (34
and j_, respectively) depend on the undisturbed environment and on the surface
potential ¢g. All other current densities depend on the properties of the
surface material as well as on environmental input (incident ions, electroms,
and photons). The material properties required are evidently those that de-
scribe the yields of emitted electrons as functions of the energy and angle of
incident particle impact and the bulk conductivity of the insulator.

Environmental effects on surface charging are illustrated in figure 2.
Figure 2(a) depicts local effects of two ad:acent surface elements at different
potentials. If ¢y is more negative than ¢; (as illustrated), the resulting
fields affect the trajectories of incoming electrons (and iomns) so that the
energy and angle distributions of environmental particles incident on each sur-
face element depend on both ®; and @p. Trajectories of emitted electrons

are also affected by thesc fields, so low-energy electrons emitted by surface 2
(at @3) can be collected by the more positive surface (at ®;). These col-
lected electroins then reprasent an additional source of incident current to

surface 1. In addition, surface currents can flow between the two surface ecle-
ments jsl'

Figure 2(b) depicts a similar, but more global, effect in which a poten-
tial barrier results in the exclusion of low-energy environmental electrons
from the distribution arriving at surface 1 (at ®1) and in crapping of second-
ary electrons emitted by this surface. Such trapping reduces the effective
secondary yield of surface 1. Formation of potential barriers can result from
differences in the properties of surface materials (as depicted) or from aniso-
tropies in the environment. The most obvious environmental anisotropy is solar
illumination; formation of potential bharriers due to illumination of one side
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of a spacecraft is expected (refs. l1 and 12). The ATS-6 data indicate that
sucih potential barriers do develop in space (ref. 13).

In terms of material properties, thz effects of surroundings indicate a
need to know the surface conductivity and the energy and angle distributions of
emitted electrons.

The material properties needed to calculate charging response then are
basically the yields and distributions of electrons for electrom, ion, and
rhoton impact and conductivities. These yields and distributions in turn de-
pend on physical and chemical propertié¢s and can also be functions of applied
ficld, temperature, etc. Charging modelers have used methods to calculate the
energy and angle dependence of electron yields that differ in the specific pa-
rameters required. Table I lists material properties commonly used in charging
models. Specifically included in the table are properties required by the NASA
charging analyzer program (NASCAP) code (refs. 8 and 14), which gives the most
detailed treatment of material properties. Two of the listed properties,
radiation-induced conductivity Jp and dielectric strength Ep, are of more
interest for discharging response than for charging response but are included
in table I for completeness.

The materials whose properties are needed are those used for spacecraft
surfaces. These include pure metals and alloys; polymer films; quartz; and a
host of paints, coatings, composites, and fabrics developed particularly for
space applications. The extent to which property information is available for
these materials varies widely. 1In general, fairly complete characterizations
are possible for pure metals, and many characteristics of quartz and of polymer
films (Teflon, Kapton, and Mylar) have been measured. By contrast, very little
is known about the propertics of alloys and other spacecraft-specific materials.

To date, a comprehensive compilation of required material property infor-
mation has not been made. A literature survey (ref. 15) has indicated that
diclectric and electron interaction data are available for polymers. Conduct-
ing studies have been made for polymer films and quartz (rcfs. 16 to 18) and
for some other spacecraft materials (refs. 19 to 21). Photoelectron emission
has been measured for some spacecraft materials (ref. 22)., Modelers of charg-
ing have compiled property data on materials of specific interest to their
studies (refs. 2, 7, 8, and 23). Secondary-electron yield due to ion (H*) im-
pact appears to be the least available property for all materials of inteccest.

Thus, although material property information required to model the charg-
ing of spacecraft surfaces is available, it is both incomplete and scattered.
An effor. to compile the available information and to identify specific areas
of deficiency is needed. Information oh the influences of temperature,
illumination-applied fields, surface condition, aging, etc., on the various
properties should be included in such a compilation. Once specific arcas of
deficiency are identified, experimental programs to obtain the missing infor-
mation can be devised.
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Experimental Results

Ground studies of the charging of spacecraft surface materials have been
reported by several investigators (refs. 24 to 31). Such tests generally in-
volve exposing the surface of interest to normally incident monoenergetic elec-
tron beams in vacuum chambers. Two types of sample have beer iavestigated:
samples of single materials (polymer, paint, etc.) and samples in a "spacecraft
configuration" (solar-a ray segments, thermal blankets, etc.). The single-
material samples have generally been mounted on metal substrates that were
electrically grounded to the facility. The spacecraft-configuration samples
have generally been tested with their metallic portions grounded to the facil-
ity. Data reported include current in the ground line and surface potentials.
A "typical data set" (fig. 1 of ref. 24) is reproduced in figure 3.

The most common method of summarizing charging test results is by plotting
surface potential at equilibrium as a function of electron beam voltage, as il-
lustrated in figure 4. The figure shows two types of respomse for insulators.
Linear behavior is interpreted to indicate that the material's resistivity is
large enough for leakage currents to be negligible. 1In this case the equilib-
rium potential is determined by surface emission characteristics (secondary-
electron current due to electroa impact jgo and backscattered electron cur-
rent jpg). Behavior in which the surface potential reaches a plateau beyond
some beam voltage is interpreted to indicate that the equilibrium potential is
determined by leakage current in the plateau region. The type of behavior ob-
served depended on material thickness and beam current density as well as on
resistivity and electron emission characteristics. This complicates comparison
vf results from different investigators, since the beam current densities used

vary from one to another. With l-nA/cmz beam current densities, 0.01-
centimeter-thick Teflon and Kapton samples exhibited emission-dominated behav-
ior to beam voltages of 12 and 14 kilevolts, respectively; in these tests. arc-
ing occurred at higher beam voltages (ref. 24). Leakage-dominated equilibrium
has been reported for thin (<0.0025 cm thick) Kapton and Mylar (ref. 29) and
for S-13G10 paint (ref. 24) with l-nA/cm? beams, and for 0.005-centimeter-thick
Kapton at slightly higher current densities (ref. 28).

Equilibrium potential profiles of several surface-material samples exhibit
irregularities that are probably due to configuration effects such as those il-
lustrated in figure 2 (beam deflection, trapping of secondaries, etc.) (refs.
9, 24, and 29)., Irregularities in equilibrium surface potential caused by the
precence of small gaps between sections of a single type of insulation (e.g.,
sr..ar-cell cover slides or strips of Teflcn tape) were also observed. These
became more pronounced for larger samples, apparently as a tresult of increasecd
beam deflection by the larger samples (ref. 30).

Efforts to validate the NASCAP code by comparing its predictiens with ex-
perimental data have begun (refs. 9 and 14). Agreement between prediction and
experiment is generally very good when both material properties and test data
are available (e.g., Teflon and Kapton). Additional experimental data for
single-material samples are nceded, since it is preferable to validate the
models for individual materials before adding the complexity of surroundings
effects.
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Since experiments have been performed wich normally incident monoenergetic
electron beams, the data presently available do not permit models to be cali-
brated for the effects of distributed (in energy and angle) electron fluxes or
for electron emission due to ion or photon impact. Experiments incorporating
these additional environmental factors are needed, since the space environment
consists of distributed fluxes of ions, eclectrons, and photons.

Ground testing of complex objects (spacecraft models), with concurrent
modeling, is required to ensure that configuration effects are modeled ade-
quately.

Parametric Studies

The two preceding sections identified the necd for experimental efforts to
obtain material properties and to provide .nodel validation data for a variety
of materials. The test matrix to examine each material in cach environment,
even without considering experiments to study configuration effects or dis-
charge characteristics, is prohibitively large. Since charging models that in-
corporate material, configura.ion, and environmental factors are available, one
approach to reducing the number of tests required is to conduct parametric
studies. Such studies can be used to identify those material properties and
configuration characteristics that are most important in determining charging
response to various environments snd how accurately the properties must be
known for a given prediction accuracy.

As an example, effects of changing secondary-electron yields on .predicted
charging response to ground test and space environments are illustrated in fig-
ure 5. Figure 5(a) shows NASCAP predictions of the charging response of a
metal plate in a 10-keV electron beam for three sets of secondary-electron-~
yield parameters. The metal rlate is electrically floating and has a capaci-
tance to its sucroundings of 200 picofarads. No illumination or ions are pres-
ent, so the currents to the plate are due to the beam and the emission of back-
scattered and secondary electrons by the plate. As shown in the figure, chang-
ing either the maximum yield 6m or the energy ior maximum yield Ey affects
both the final plate potential and the rate at which charging occurs. From
these curves, changing 6, has a stronger effect on equilibrium potential than
changing Eg,: Using the middle curve 6y = 2.6, Ep = 300) as a base and reduc-
ing 6, by 63 percent (to 0.97) increase the final potential by 38 percent.
Increasing I, by 33 percent (to 400) decreases the final potential by only

9 percent. The dependence of final potential on beam voltage is linear, as
shown in reference 14.

Figure 5(b) shows NASCAP predictions of the charging response of an ATS-5
model object {ref. 14) in a 5-keV, l-particle/cmd Maxwellian "space enviroun-
ment." On the time scale of figure 5(b), differential charging is negligible,
so the contirz object is at the potential shown. The curves reflect effects of
halving the secondary-electron yield for l-keV proion impact Gp for all sur-
face materials. '"Standard" 6. 's are those in the current version of NASCAP

for Teflon, silicon dioxis ., and aiuminum, which are the surface materials of
the ATS-5 object (ref. 14). With the curve for standard 6p's as a base, a
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50 percent reduction in bp'a nas resulted in a 58-percent increase in poten-
tial.

Secondary clectron yield is expected to be an important factor in deter-
mining final potential in space substorm conditioris, because scconhdary yields
for protons with impact energies of tens of kilovolts are expected to be great-
er than unity and these effectively add to the proton fluxes (refs. 2 and 32),.
Figure 5 suggests that ion-generated secondary clectrons are an important de-
tetminant of absolute spacecraft potential. Obviously, the information pre-
sented in figure 5 is insufficient to determine whether the relationships are
linear and over whdat range of material and environmental parameters they cre
appropriate. It does, however, indicate the us2fulness of parametric sgtudies.

Although no comprehensive parametric studies of material property influ-
ences have been reported to date, some work has been done (ref. 33) and furthe~
results are expected (refs. 34 to 36). Such studies shouid be expanded to in-
clude configuration effects; it has been suggested (ref. 9) that the relative
areas of different surface materials are an important consideration in deter-
mining charging rates and levels.

DISCHARGE RESPONSE

Mechanisms

Although charging response is adequately understood in terms of current
balances, quantitative discharge mechanism models have yet to be devised. To
attain a predictive capability it is necessary to identify the mechanisms re-
sponsible for initiation and propagation of arc discharges and to describe arcs
in terms of their electromagnetic signatures.

Discharges of concern for spacecraft charging are those that can occur on
dielectric surfaces charged by exposure to fluxes of kilovolt particles. The
dielectric surface exposed to this envirorment is supposed to be charged nega-
tively with respect to the underlying spacecraft structure. It thus acts as a
cathode in a discharge. The situation differs from voltage breakdown of a di-
electric between metal plates in that there is no dielectric-metal interface at
the cathode, there is a limited supply of charge at the cathode, and the elec-
tric field in the dielectric is created by charges that are removed when dis-

charge occurs. Little information on this type of discharge has been reported
in the literature (ref. 15).

For calculating charging response it is sufficient to consider the absorp-
tion, emission, and conduction of charge to occutr at material surfaces (since
the depth of penctration of kilovolt particles is much less than the thickness
of spacecraft surface materials). However, such a description is probably in-
adequate for considering discharge-response mechanisms.

Kilovolt electrons incident on a dielectric surface penetrate a distance
of micrometers. Secondary electrons are emitted from a region within a few
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tens of angstrows from the surface. This results in a charge distribution in-
slde the dielectric in which negative charge accumulates in some layer below
the surface. The gituation is sketched schematically in figure 6 for a dielec-
tric slab mounted on a grounded metal substrate. Electrons are emitted from a
reglon near the surface; incident clectrons penetrate further ianto the dielec-
tric, and a reglon of radiation-enhanced conductivity is formed; a distribution
of necgative charge (fig. 6) inside the dielectric results. The detailed shape
of this distribution depends on material properties (bulk conductivity dg,
radiation-induced conductivity g, electron range Rg, and emission yields),
on the distribution of incident electrons, and on irradiation time. Models now
exist that describe such charge deposition profiles (refs. 8, 37, and 38), and
techniques have been devised for their measurement (ref. 39),

Although no quantitative models of discharge wechanisms have yet been
developed, mechanisms inyolving charge propagation in the radiation-enhanced
region (refs. 40 and 41) and arc propagation by secondary emission (refs. 27
and 42) have been suggested. Such mechanisms have yet to be evaluated.

Experimental Resuits

In the absence of quantitative theoretical models for discharges, experi-
ments must be relied on to provide both insights into discharge mechanisms and
a daca base from which empirical models can be constructed.

Investigations of the discharge response of electron-irradiated spacecraft
dielectrics have been reported by a number of workers (refs. 24, 27, 28, 30,
41, and 43 to 47). For the most part, such investigations have involved expo-
sure to monoenergetic electron beams of insulator samples mounted on grounded
subgstrates or spacecraft-configuration samples (solar-array segments, thermal
blankets, etc.) mounted with their metal portions grounded. Data taken include
current in the ground line and surface potentials. In some experiments a scan-
ning electron microscope has been used as both the electron source and the
diagnostic (refs. 41 and 45). Typical current-to-ground and voltage-versus-
time results are illustrated in figure 7. When a sample is exposed to an elec~
tron beam, charge and voltage build up on the dielectric surface and a corre-
sponding current flows ir the ground line. When a discharge occurs, a fast
current pulse is observed (denoted by the arrow in fig. 7) that signifies net
negative charge leaving the surface: The surface potential drops and charging
resumes.

Charges transferred and a fast current pulse (return or reverse current
pulse) observed during a discharge are illustrated in figure 8. 1In figure
8(a), charges are shown emanating from a trigger site. Charges Q; and Oy
are transferred to the substrate, where they cancel with their image charge:.
The net charge Qp leaves the surface and couples through the external cir-
cuit, which includes the vacuum facility and associated structures. Current
flows in the ground line (meter 1I) and reflects the transfer Qp (which is a
negative charge). The horizontal arrows in figure 8(a) represent charge trans-
ferred on or near the surface to the trigger site, that is, arc propagation or
a charge release mechanism.
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A return current pulge is illustrated in figure 8(b), and Qp 1is just the
time integral of this current pulse. Such pulses exhibit a wide variety of de-
tatled shapes (see, e.g., ref. 30) and may reflect multiple rather than truly
single events. They are most easily characterized in terms of parameters such
as peak current Ip. duration At, net charge Qp © /A‘t 'IIZp dt, and rise time

dI/dt‘i. Results réported vary widely and depetid on sample size and instrumen-
tation as well as on gample material and configuration. The values of Ip,

Qp, and At all increase with increasing sample area for small samplecs

(ref, 46); recent rusults indicate limitations on how large an area is affected
in a single discharge (ref. 30). As an example, values given for samples of a

few hundred square centimeters in area are At ~500 nanoseconds, 1p ~20 to

100 amperes, and Qp ~20 to 60 uC for silvered-Teflon samples (ref. 24).

A critical aspect of instrumetitation that must be considered in investi-
gating return current pulses is the impedance to ground in the experimental
setup. Typical surface potentials at discharge are about 10 kilovolts, aud
peak currents are about 100 amperes. Thus, a 50-ohm termination does not ap-
proximate a short circuit in this case, and test results may depend strongly
on this impedance (ref. 30). This is of particular concern for application of
results to the spacecraft situatiom.

In addition to descriptions of return current pulses, estimates have been
made of the energy in a discharge, the charge transferred, and the area dis-
charged (refs. 24 and 30). To date, no data have been reported on the radiated
electromagnetic signature of such arcs. This information is important to cal-
culations of electromagnetic interference (EMI) resulting from discharges. It
is lacking because none of the experiments reported to date have been conducted

in anechoic chambers so that facility resonances have made EMI measurements im-
possible.

The trigger mechanism for discharges is not understood, but data indicate
that the observed discharges begin at gaps; holes, or edges and do not repre-
sent bulk dielectric breakdown (refs. 24, 27, 30, 43, and 44). Thus, dis-
charges are observed at electric field stresses signficicantly less than the
dielectric strengths of the insulators under study when gaps or edges are pres-
ent. Some threshold condition, probably configuration dependent, other than

insulator dielectric strength must be quantitatively defined for accurate arc
prediction.

Experimental evidence to date indicates that discharges begin at gaps in
insulation; that charge is removed from an area much larger than the trigger
site; that a net negative charge is ejected from a surface during discharge;
and that this charge ejection results in significant currents flowing in ground
lines. Yet to be investigated are the EMI due to dischacges and effects on
discharge response of such environmental factors as distributed fluxes of elec-
trons and the presence of ions. Experiments in which solar-array segments with
flexible substrates of Kapton-fiberglass laminates have been illuminated during
exposure to electren beams have ‘ndicated that arcing on such structures is
greatly reduced during illumination, probably because of photoconductivity and
the thermal enhancement of Kegton conductivity (refs. 24 and 46).
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CONCLUDING REMARKS

The charging rceporise of surfaces exposed to charged-particle and photon
fluxds is understood im terms of current-dengity balonce mechanisms. Medels
of charging response arc available and predictions agree well with experimental
results for cases im which maeterial propertics are adequately known. Material
property information now available should be compiled to identify specific
areas and materials for which data ate lacking and to provide propcrty values
for use in prediction. A cursory examination of the information available in-
dicates that the least well-known ptoperty for most materials of interest is
secondary-electron yield due to ion impact and that the most poorly character-
ized materials arr chose that have been developed specifically for space ap-
plications. Also poorly krnown are property changes with time due to exposure,
repeated arcing, etc. The experimentation required to determine material prop-
erties adequately for charging-response predictions can be significantly re-
duced by using paremetric studies to identify those properties most important
for determining charging response and how accurately these properties must be
known for a specified prediction accuracy.

Data on charging response of spacecraft surface materials under monoener-
getic electron irradiation ere available for wany, though not all, materials
of interest. Data on the effects of additional enviromnmental factors are
needed. Of particular concern is information on the response to ion impact
since this is expected to be an important determinant of spacecraft response.
Effects of more complex geométries also need investigation to ensure that the
modeling is adequate.

The mechanisms for initiation and propagation of arc discharges are not
yet understood, although a number of their characteristics have been experi-
mentally identified. The initiation mechanism is apparently configuration de-
pendent: Arcs occur preferentially at gaps, seams, and edges. A net negative
charge is emitted during discharges. Jts measured magnit .de depénds on system
instrumentation as well as on sample material and area. These dependencies
are of particvlar interest in modeling arc propagation as well as in extrapo-
lating ground test data to space conditions. Models of charge deposition and
transport in electron-irtadiated dielectrics have been devised, and they pro-
vide a necessary first step toward developing discharge mechanism models.

Thiu paper has summarized the present status of materials characterization
studies. Efforts are being made to develop empirical models for discharge
pulses. Data or a wider variety of materials and configurations are needed to
support this activity as well as mechanism model development. There is a grow-
ing data base on characteristics of return current pulses. Yet to be investi-
gated are the electromagnetic interference spectra from arc discharges and the
effects of such environmental factors as distributed fluxes of electrons and
ions and temperature on discharge response.
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TABLE 1. - MATERIAL PROPERTIES

Type of propetty Propérty Symbol
Physical and chemical | Dénsity P
Chemical coriposition cc
Atomic number A
Atomic weight A
Electrical Dielectric constant €
Bulk conductivity og
Surface conductivity dg
Radiation-induced O
coriductivity
Dielectric strength Ep
Particle penetration | Electron range R
Ion reange Ry
Rate of energy loss for dE,/dx
electrons
Raté of energy loss for dE; /dx
ions
Electron emission Photoelectron yield 6PHO(Eph’9)
Secondary-electron yield 6ge(Ee,b)
due to electron impact:
Maximum yield 8,
Energy for maximum Ep
yield
Backscatter coefficient 1 (Eq,9)
Secondary-electron yield 681(31,9)
due to ion impact:
Yield at Ej = 1 keV ﬁp
(protons)
Entergy for maximum yield Eg
(protons)
Work function w
Distribution of emitted fPHO(E’e)
photoeleétrons
Distribution of secondary foe (E,0)
electtons from electron
impact
Distribution of secondary £g4 (E,9)

electrontis from ion impact
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