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ABSTRACT

Equilibrium surface potentials for slab configurations (rep. esentative
e.g. of a large solar power satcllite) are determined undzr extensiv~ paramet-
ric variations of material, solar exposure and substorm characteristics. The
results can guide the material selection and design of large space systems to
minimize dielectrir breskdowns and reduce parasitic leakage currents on SPS.

INTRODUCTION. .

Future large space systems, such as & photovoltaic solar power system or
a deployable entenna, will be of low-density construction (~10-5 g/em3), employ-
ing various light-weight materisls. Among the candidate materials being dis-
cussed the emphasis is on polymeric materials (Kapton, Teflon, etc) ana compos-
ites (glass or graphite fibers in an epoxy matrix). Such dielectric materials
may be expected to undergo a substantial evolution in their physical properties,
including electrical characteristics, as a result of prolonged space environ-
mental exposure. The electricel propertes, in particular, may be strongly
sensitive to environmental conditions (e.g. temperature), even at the outset,
and in some cases (e.g. for composites) remain to be more fully characterized.

This uncertainty and variacility in relevant material responses is a major
complicating factor in the prediction of spacecraft charging effects for an
energetic substorm environment, and provides the major impetus for this paper.
Namely, the intent is to explore the consequences for the attained equilibrium
charging poten*tials of systematic variations in sucb material and exposure re-
lated quantitics as photoelectric current, electron backscattering yield,
secondary electron yield from proton and electron Lombardment, material resis-
tivity, and substorm plasmc temperature. To identify the impact of such varia-
tions in their full context, the analyses inciude uvoth primary electron and
proton currents, together with sll their secondary ~urrents, as well as the
resistivity-dependent bulk leakage current. The importance of considering resis-
tivity variations can be gauged, for example, from Table 1, in which the bulk re-
sistivity o' Kapton and several glas:es is seen to change by 4-5 orders of magni-
tude in traversing the temperature range 25 to 200°C.

The method of analysis utilizcs (one-dimensional) Langmuir probe theory,
applied to the self-ccnsistent gsearch for the equilibrated zurface potentisl.
The geometry employed generally is that of a flat slab, although some explora-
tion is also made of a spherical or cylindrieal collection surface. The slab
conflguration, in particular, is examined under conditions of both single and
double sided exposure to the plasma charging currents, with one-sided solar
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expeosure 1o some cases. For single-=gided plasma exposure, the unexposed side is
held wundtormly nt a reference potential. The case, where the shielded aide
corevicn an lupressed potential gradient and floats to yleld a 2ero net current
to the exposed surtace, avrresponds to the inner cover slide surface of u solar
areay  and i examined in a companion paper (Paper III-7, this conference).

It i noted that the shadowed slab side exposed to a substorm plusma can
dovelop ik nepative potentials (tens of kilovolts) that may easily excecd the
dicloctrice breakdown strength of thin sheets (see Table 1). The analyses seck
to identiry possible adjustments in materials parameters that may prevent such
exeexdanees,

It is wlso realiced that the analysis approach employed has limited vaiild-
itys in particuler it is not adequate for describing conditions near spacecratft
cdres, nor does it consider the perturbation of particle trajectories that may
lead to ditverential charging. Nonetheless, it is felt that these shortcom-
inms do not seriously distort the influence of the various material responses
on the charging process tha. is explored in this work.

PLASMA ORIGINATED CURRENTS

The large spacecraft is approximated by an extended slab, and a one-dimen-
slonal Maxwell velocity distribution

2
r{v) =/3%Eﬁ-exp(- '%%f (1)

is uasswmed for the substorm plasma particles. The spacecraf't surface potentinl V
nodities the impinging charged particle distribution. )

The incident plasma electron current is tnus epproximated (Ref. 1) by

) s
o =9, exp(- iﬁd for Vs <0

e,
n

(2)

€
+4g ™
Joll + =% for Vo > 0

. - . /kT y ,
where the experimental values for the JO corresponding to o N e will be
e

used,  lHere, v, = e | V“I, and N and ¢ are, respectively, the electron density
vy

s

and charge. ALl other notations follow the conventional representation.

The exponential peometric parameter g ranges from 0 for the lat contigura-
Lion discussed in this paper to 1 for a spherical configuration. bDue to the
comparvatively taree Debye length coupled with possible edpe efecti, the effova-
Live ¢ may have a nonvanishing value. Note, however, that the geometric efteet
cun in peneral be appreciable when |eVS|/kT < 1.
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Fop the inejdent, plasma proton current Jp = QJO, the expcrimental valuc
of S/ T miopled, The 'Jp nugmented by the effect or its secondary ~lccetron
current, ,ip = § .lp (where ¢ == 2.5 for V_ < 0) can become Lhe dominant chareinge
H o

carrent. wheg the surt'ace potential becomes highly neg -tive. The effect of the
Surinee potentinl polarity for "p is opposite to that for electrons uas given in
Fa. ().

Adepting the impact yield parameter (Ref. 2) for electrons of energy
mVe

LT emm— 1.8,

l €.
oy i 9
5 = (o Sm (”1*' eVs) exF

[
m

,_
P
—

that gives the maximum yield Gm at energy €m? the secondary electron current is

approximated by

J = D 1 .
5 Jl JQ F ()
where J o= 7. W6 kT exp(ev- +i§_)
1 m € —
m kT £

Values of § = 3 and €, = 0.3 KeV are adopted (Ref. 3) and

[
-

Fo= 34 :ex'-i‘c(yl) for V. < 0
S

‘ / NN 2y,
= (3113 + (3y,)211" + (3yg)1 + yg) /-éjerf‘c(ys) for V> 0

kT t:s
where Yy 5> ¥, 5[ —> and y5 = I ¥,
. l. [ & kT [

m

The backscattered electrons, on the other hand, constitute the high cnerpey
portion of the scattered electron spectrum. Since available data here arce scanl,

the following simple approximation, using the backscattering yield parametor @, i
adopled:

L
J = Rl CXP(- "'-b') for V. < 0
bs 0 , 5

k1

€ €
= RJ (1 +'—“-")“'ex1 - -“3-)[‘01* vV >0
o kT KT 8
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Thias expression or'ten permits separating the backscattering effect vut in the anal-
yola, ao that a straichtrorward reassessment ot its contribution can be made as
more duta become available.

The Leakage current is approximated by

J = f6)
¢ I\VS/R n)

where R = pl with p and ¢ representing, respectively the volume resistivity and

the alab width., Currents as well us all associated quantities here are piven
<)
per unit area (em’).

PHOTOELECTRCN YIELDS IN THE SPACE ENVIRONMENT

The photoelectron yield depends on the material work function and the
width and peak of its energy distribution on the solar photon energy spectrum.
Opacecrat't surfaces in the space erviromment are, however, quickly contaminated
and (he surtace contamination tends to cause inelastic scattering of the photo-~
excited clectrons (Ref. N).

The photelectron spectrum from such met: s as gold, alwninium, and stain-
tess cteel in the space environment was observed to have an energy distribution
similar to that ror many nommetale (for example graphite). The photoelectron
energy distribution in general has a Gaussian form, peaking at 1~2 eV and
tavering of 7 rapidly toward higher energies.

In the absence of a comprehensive theory, on the basis of observed data
the photoelectron euergy E distr: “ution (norm-lized to 1) produced by a photon
of energy o 1s determined by

ohiw) F

N(E, w) = = ©XP -h(m)EE
1-exp [ ~h{w) (v - ¢)<) [ ]

where ¢ is the work function.

Here h(w) = » with the uspproximation

Eh(w)

"
=
—
[
'
o
b
o
———

1.
)] ®

ror the ragre of oS < w g 30 eV.  The Em(m)»}';l toward the upper o domnin  and

represents Lhe enerey Foat which N(E, w) peaks.



Values for Gn and El’ derived from empirical dntn, are

Aluminiuwn Steel Nonmetal
-2 . -g
o) 2.84367 x 1077 1.45236 x 10°° 0.292431
- - ” -2
v, -1.12782 x 10 2 2.59762 x 10 3 -8.82573 x 10
oy 1.32354 x 2073 145428 x 1073 6.29027 x 1073
-5 . - -l
o) ~7.03183 x 10~° 3.56235 x 10™°  -1.59182 x 10~
E, (eV) 5 2 3
The photoelectron yield per incident photon of energy w is approximated by
4 n
Y(w) = kP exp ( I k&) for 5 <w < 17 eV
n=0 n
(9)
= 0.193 for w > 17 eV
where
k = 2.456 x 106 p = -=-2k9.87hk
kl = 104.388 k2 = =7,20837
k, = 0.27670¢ K, = =4.30132 x 1073

W

Since the shupe of the yields is similar for most of the metnl as well as
nonmetal cases, as discussed above, any desired adjustment can be made by modi-
fying the parameter k. The photoelectron yield energy distribution is now
determined by

Y(E, w}) = Y(w) NE,w) (10)

The continuous and discrete solar photon inteasity distributions (in photons/

»)
cm®secreV) are approximated by

Icont (w) = 1.3 x 1019 exp(=1.985 w) for b <, S il eV
9 (11)
= 8x 10 for 11 L w £ 15 oV
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= 1.2x10°  for 15 <w < 30 eV

I.. = 2x 1011 at w a10.2 eV
dise

The total photoelectron energy distribution in (em® see eV)™ then is
-
Y(E) = I{w)Y(w)N(E\w) dw (12)
E + ¢

When the spacecraft surface potential Vs is positive, photoelectrons require an
energy E » evs to overcome the potential barrier. The photoelectron current

3p as a function of VS and with a cut-off at E = 30 eV, i.e.,
Q

30
Jpe (vs) ~ eY(E) dE (13)

eV
s

exp[-h(evs)gl- exp[—h(30~¢)9]
~ feI(w)Y(w)

- daw

1 - exp[=h{w - ¢)7)

i shown in Fig., 1. The Jpe is nearly constant up to 1 eV, beyond which it

rapidly becomes negligible as the positive surface potential increases to a few
oV.

MODIFIED SECONDARY ELECTRON YIELD

The emission mechanism for secondary elecirons by electron tombardment is
similar to the case of photoelectrons. The shapes of the electron energy spec=
tra in both cases are comparable with more than 80% of the secondaries emitted
at enecrgies below 20 eV (Ref. 5). As the surface potential turns positive, the
scceondary electron current thus becomes sensitively dependent on the energy
distribution, due to the potential barrier.

Therefore, from Eg. (4), the following simple approximation is adopted tor

the clectron-induced secondary electvon energy spectrum,

)
. 3 x 2 N -bE h
Tos (e, E) JyJ F 0K exp(-bE) (1)

-1
where bay 0.3 (eV) and ¢ = kT, The integrated secondary clectron current modie
ried by positive surface rotential VS is
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a

)

\ . 2 ) ; -
JS (e, Vs) = a.JlJOF‘ b~ & exp( bE)‘U..e:JOJSCC (15)
eV
s
where, because of be »> 1,

EY

f) 1 -
Jsec = L.JlF(J. + bevs) expl( bevs)

SURFACE POTENTIAL IN THE DARK

As shown in Fig. 2, a spacecraft in the dark is exposed to a substorm,
while its inner surface is maintained at the reference potential zero. The ex-
posed surface in the dark becomes negatively charged, with currents being
balanced by

Jo = Jp Fleg FUps * Jps * (16)

Here, as modified by the equilibrium surface potential Vs,

eIVS[
I, = Jexi|- (electron current)
© KT
e[VS,
J = gJ .+ g (proton current)
P © KT
T = B Jg (backscattering current)
Jeq = J"o Je (electron-induced secondary electron current)
- v,
JQ = 5 (leakage current)
R
Jps = ¢ J (proton-induced secondary electron current)
where f
J.oo= f.h§ kT exp(ﬁ)‘/njﬁ!i:aorf‘(l‘ T
50 m € £ v
m m m
ar ¢ = .Y s adopted for V< 0.

[t
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Observation indicates that, while the energies of the substorm plasma
particles are higher than in quiet periods, their currents are reduced. The

substogm electron current (in nA/cme) aisnted in the analysis is approximated
(Ref. 6) vy

4
J = I A en for 2 < g < 12 KeV
o n ~
n=0
(17)
= 0.5 for 12 Kev < ¢
where Ao = 2.30725 Al = -0.255535
A, = -2.34739 x 1073, Ay = 1.79609 x 10™3
A, = -T.26u9k x 10’5, € = kT
Eq. (16) gives
vl
B =1 - J - E¥(1 + )
kT
1 v | elv_|
— s 8 (18)
*J R ]e"l’( T )
o
where £* = £(1 + ¢). 1In Fig. 3 A and B, respectively for the cases of g = 0

and 1, Vs is shown as function of surface potential B at various values of

electron temperature € = kT and recistance R.

At g = 0, with a backscattering parameter B8 = 0.2, for example Vs==(-55,
-36, -14, =2) KV at ¢ = 25 KeV, and Vo= (=17, =13, =T, =1.2) KV at ¢ = 10 KeV,

respectively for R = (e, 1015, 1o*h, 1013) Q. The corresponding surface
potentials Vs at g = 1 with the same backscattering parameter B = 0.2 are Vs

(-33, =27, =13, =2) KV at € = 25 KeV and Vs = (=10, -9, =6, -1) KV at ¢
10 KeV, respectively, for R = (=, 1015. 101k, 1013) Q.

At high values of R, there is a large difference in Vs between the cases
g = 0 and 1, indicatin: the possible extent of the geometric dependence of VS.
For the case of g = %, the corresponding Vs lies close to the midpoint between

the values for g = 0 and 1. The high energy tail in the plasma electron dis-
tribution helps at high R values to support surface voltages considerably higher
than the incident electron tempera’ ‘e (especially in the g = 0 case).
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The relative magnitude of the various currents (in unit of Je, i.e.,
Ji = Ji/Je) in the approach to equiiibrium 1s compare. in Fip, h, ror exame

ple, for the case of R = lOl5 £ and ¢ = 15 KeV, Note that at further higher
Vg, the initially lnsignificant Jp and Jpa become inereasingly important (espe-

cially at g = 1), eventually overtaking the other J

)
The equilibrium reached at ZJi =l for R = (101‘, 1015) ¢y respectively,
yields
Vs = (=8.6, -15.5) KV for g = 1
V. = (=9.7, -22) KV for g = 0

5

showing an appreciable dependence of VS on R and g. The strong dependence

of Vs on the resistivity is quite significant in view of the fact that R is a
sensitive function of temperature (see Table 1) and the surface temperature can
undergo large variations.

Also the eguilibrium surface pciential VS, if it appears across a thin but
high resistance material, may become suificiently high to exceed the dielectric
strengths shown in the Table 1. At low R, where the dielectric acts more like
a conductor, the leakage current depresses the surface voltage.

Introducing a multiplier I fo- the plasma electron current

J=1 JO (19)

\N

the effect of current variation on Vs at R = lOl Q is shown in Fig. 5 for the

case of g = 0. At low energy, the efrect of varying I is small but becomes
important at high energies.

SPACECRAFT POTENTTAL IN THE SUN

As shown in Fig. 6, the spacecraf{t is exposed to a substorm on the sun
illuminated side, while the shodowed side is shielded and held at a reference
potential zero. The effective solar intensity is a function of the sun
angle 6, causing at large 8 a slight modification to the case of spacecratt in
the dark discussed previously. The sun exposure at small @, however, becomes
sufficiently strong that the surface potential may become positive.

The low energy electrons (emitted with insuffiecient vertical velocity) are
trapped by the positive potential barrier. Because mest of the secondary and
photoelectrons are of low energies, 2 very sensitive balance is estnbliched
between the surface potential and the currents. ‘The determination 1 the effec-
tive currents ther requires a knowledge of the electron energy distributions.
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Fivat, comsider the ease of V< 0. The purface potential Vq is determined

Y I, Y i S, - - =
by io s Ip Py ]pe Ibs ps 0, yiclding
eV, J elv |
=l -d - [(,* ('1 + __.i.)g; +2_|Vgl +_P_O.] (axp(—_:_) (20)
' kT S T R J kT
Q Q

Por Vo= 0, . (20) is reduced, with & = 1 - Jgo = &% to

I]. y
5 - (6 -JTi) =0 (21)
J

O

requiring No- (R + Jpe/Jo) 20 for vy $ 0. Since the I (shown in Fig. T7)

is independent of J , ¢ and R, Eq. (21) itself is independent of g and R.
{

Since ¥ & 0.74 at € = 25 KeV and 0.49, at ¢ = 10 KeV, for example (with the
buvckscattering parameter 3 = 0.2)

’

Jpe/d})§ 0.5h at € = 25 KeV
§

[}
A
-

0.29 at & = 10 KeV

are required tor V.S 0. With substorm currents J_ = 0.5 and 0.58 nA/cma,
S 8

IS

respectively, at ¢ = 25 and 10 KeV,

J_ > 0.27 nAfem™  at e = 25 KeV
pe
> 0.17 nAJem™ at € = 10 KeV

to charpge the spacecraft surflace positive,

For the case of Vq < @, the equilibrium surtface potential Vs at R = LOlb §

is plotted in Pigs. 8A and B as a function of backscattering yield 8 for ¢ = 25
D
and 15 KeV, by varyiug Jpe (in nA/em” at vV = 0). The solid lines here are for
the substorm currents J‘ ot Eq. (17), while the dashed lines are for the doubled
C

substurm current 20 - cuse [eee Bq. (9)].
{

-

[

For Kk = 10 8y there ls an appreciable shift in the g - V . curves in going

from ¢ = 1 to ¢ o= 0 (i.e., !'rom a sphere to an infinite plane), both at ¢ = 25

C e fpax o . . s - ) 14

oV (Fig. 8A) and LD KoV (Fig. 9B). At SN KeV for B = 10 v, as well an at
L, : . .

lﬁSlU ror nll electron temperatures, however, the shift penerally becomes
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nepligiple.  For I'R.-":‘,lol1 0, the surface potential V}:3 readily turns positilve. )

For o given R, the effective g an Tunetlon of Vs praduslly becomes smndleor
ng ¢ is roduced,  For amall Jpe (£0.! nA/ch), there ia substantinl latitude
for g to keep Vﬁ unun&ivo, espeeldally when ¢ iz high, As Jpe inereases beyond
4 few tenths of nA/em’ , however, VS is likely to turn positive., The B - v,
curves rapldly reach a plateau us IV3| decrenses, making the determination of

the surface potential as function of 8 there delicate.

)
Relative strength of the currents at ¢ = 19 KeV and Jpe = 0,01 nA/en” in

units of J_ = J exp(- elvsl/kT), i.e.,

Ji = 9340,

c 1
L and 10*39. Note tuat,

especially at R = 101) 2, all currents are in the same crder of magnitude near

are showit in Figs. 9A and B, respectively, for R = 10

equilibrium By coincidence, J (g = 0) herel.

pe™ Jp
The shifts in j _{(g) and J

15 Lo 13

for R=10"" Q. For RS10™

ps(g) between the g = 1 and O cases are appreciable
, the difference in the currents between the g = 1

and O cases is small and thus ignored in the diagram.

For RZ,RC = 0(1017 ), the eflect of 'jSL is negligible and the material
behaves as a perfect insulater (i.e., R = =), For R < Rc’ jk increases steeply
toward the ecuilibrium Vs’ and, especially when B is low,(h,becomes significant
even at relatively high R. Far R < 0(109 ©2), the material practically behaves

as a conductor.

When VS > 0, while the primary plasma electrons are accelerated toward
the spacecraft, the emitted electrons are retarded by the potential barrier.
Because of the .ow energy of the secondary and photoelectrons, the balancing of
the various currents for the positive Vs by

+ . - -? - -cf —? = "-w:w
Jo v Jpw “es ~ 'p bs  ps 0 (22)

becomes delicate. lerve, Jpn and J_ nrve piven, respectively, in Bys. (11) and
hol o)

).

_ . N Py ] ) - 1 .\'
(15), and Jps corresponds to dvs (and s

Golar incidence here ins assumed bo be nearly vertical, and the photcelec-

)
tric current is normalived to approximately 1.5 rA/em’ abt cero surface potential.,
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Reduction of the solar intensity with an inereased sun-angle may caugse the
spacceraft to kbecome negatively charged, as discussed above. Beecause of
|0Vq]/kT<§1 here, pogsglble geometrie effects in the eleetron attractlon to the

surfac> e negllgible.

For R = 109 Qs the Jo becomes signiZicant and Increases rapidly wilh VF.
The equilibrinm surface potentials are thus small (VB = 0,92 V and 0.8 V at
KT = 15 KeV, respectively, tor the T =" and 2 cases), and, in approaching

equilibrium, tne currents other than JQ are nearly constant,

At low R, the J2 thus becomes the controlling factor in the determina-
tion of VS. The ef'fective Vs as a function of ¢ and R are shown in Fig. 10,
again with 8 = 0.2 and Jpe(vs =0) = 1.5 nA/cm2 (the solid and dotted lines
are, respectively, for the I = 1 and 2).

The Vs is not much affected by the variation of R from 1011 to 1015 Q.

BelowlolO 2, however, decreases in R give rise to a progressively stronger re-~
duction in the effective VS. Note also that as expected, the Vs for a given
R is a decreasing function of average plasma electron ene-gy e, although the

dependence is relatively weak.
SPACECRAFT TOTALLY IMMERSED IN A SUBSTORM

The case of a slab configuration spacecraft, totally immersed "a a sub-
storm enviromment in the earth's shadow is similar to that of a spacecraft
slab of infinite resistance unilaterally exposed to the substorm in the dark.
With sun exposure on one side (see Fig. 11), however, a potentiel difference

develops between the two surfaces.

If the incident solar intensity is weak, due to a large sun angle @#, the
two surface potentials V1 and V2 remain negative. When the solar exposure be-

comes sufficiently strong, the illuminated side potential V., turns positive,

1
while tne dark side potential V_, remains negative at large values of the bulk
reaistance R but eventually may turn positive for small R. The potential dif-

ference between the two surfaces induces a leakage current JQ.
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Flrat, ccnaider the case of Vl:)gih by writing
N

M2 Y (23)
The explieit current balanee equatilona to be simultancously solved are
Ml - M2 eM, eM.\e
+1n exp(-__'.’ - EX{ ] + — = (24)
RJo kT kT

J eM.\g eM, \g eM eM,
___p_e + £% [(l + -—'1'-) + ('L + —E) ] -n [exr_(_ -—%) + exp(. -—L'—)] = 0
JO kT kT kT kT

where n = 1 = 8 = Jso’ E* = £(1 + ¢), and g is the geometric configuration

parameter,
For the case of Ml = 0, the above relations are simplified to

M eM eM \g

2= Jo n ex;(; -—2) - g*(l + -—2) (254)
R kT - kT

My
o a—— - *
(Jpe)c - + Jo(n £%) (25B)

Note that (Jpe)c is the value of Jpe needed to raise the surface potential V,

to zero.

The M2 is determined by solving Eq. (25A) as function of ¢ = kT, and the re-
sults are shown in Fig. 12 for the cases of various values of R and 8 = 0.2.
The corresponding critical photoelectric current (Jpe)C is in turn determined by
Eq. (25B) as shown in Fig. 13. The impact of the geometric parameter variation

from 8, =1 t0 0 is generally negligible with low R but becomes noticable for
[ 24
R,Zlol) Q as shown in Fig 13 and especially in Fig. 12.

When eM,/kT<l, Eg. (25A) is reduced to

M, me(n = %)/ 1L
© RJ

o

+ e(n + g€¥)/km :l (06)
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The velntion g tfarther simpliticd for (RJ()hl‘§>(%n + gF¥Y /e 1
)]

M, & RS (0o~ %) (o)

wheroe M) now hecomen proportionn] Lo R,

P oy ba Dwdopendond, of B but 1a o funetion of ¢ rad appronches £¥s=0,07
townrd tash, 4 KoV,  Thoretore, Mp in ¥Wip. 12 vanishes rapidly ag ¢ doerensen Lo=
ward Y, 3 EeVe  To e, 13, (qu)u Lo neen to approuch rapldly a limiting voalue

11

a3 R decreases to the order ol 10" 2 (where the approximation (P27) becomes pood)
uhd also Lo decrease steeply toward emeb.4 KoV, This characteristic is ex-
pecled, beeause the (Jpe)c determined there by Bg. (25B) becomes (in conjunetion
with (27)) proportional to n - €% and independent of R.

As the mmodified Jpe axceeds (Jpe)c’ the sun exposed slde beeomes positive.
The low energy electrons in the secondary and particularly in the photovlectric
currents on this side are then trapped by the potential barrier as discussed

previously.

While Vl ~ % 0, the Egs. (2h) are solved lor the surface potential M

L,
A ] 4]
2 - Vl ~s With its co-responding leakage current JQ = (M, - Ml)/R' When the
8 g [ .
sun exposed siae becomes positively charged (i.e., v, = M,o> C), while the
shadowed side remains nepatively charged, (i.e., V, = -« M, = 0), the corre=~
sponding eguations becore
M, + M, N N ~ el c:Ml .
= e I T I * e—) - (1 =P
pe ]es "bs Io £ CXP( B ) (1 o )
R DK K1
R onl, |
=J, [0 enple mm=) o (¥ (L 4 —=) {8)
Q g B
) k'l 4

.

Here, beeause ol the relative smallness ot J on the sun exposed cido {(whiey

8]
t -
is at o very low positive surface potential), o simple approximation of ‘asd
. . 3 . . . . L. Lo
1 adopted,  The intesiatoea d [ nnd ave pgiven, respechbively, iu bac.e (19)
pe i : ‘

and (19).
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LT

The V as function of J_ (V. = 0) are shown in Figs. 1h4A and B, re-
1,2 pe 515 10
gpectively, for the cases of R = 107 and 107 Q, with 8 = 0.2. For R<10
vl'evz in the domain of Jpe(vs = Q) where Vl < 0,

11 Q,

The effect of changing the geometric parameter g from 1 to 0 is ap-
parent only when |eVs|/kT is comparatively large, as seen from the figures.
Note, however, that as Vl rapidly turns positive while leaving the magnitule
o the negative V2 large, the resulting large potential difference between the

two surfaces produces a correspondingly large leakage current J This large JQ

2.
then negates the relative importance of the effect of the shifts in Jp and Jps
due to the variation in g, even if leVS| /kT is not small.

For Jpe = 0, Vl = V2 < 0, which, as stated above, corresponds to the sur-

face potential of an isolated (i.e., R + ») spacecraft slab unilaterally ex-
posad to the substorm in the dark (see previous, section and Figs. 3A and B).
Az Jpe pe)c (see Fig. 1k)
and quickly reaches a plateau value of.-a few to several volts.

incremses, V; rises ropidly to become positive at (3

This is due to the low energy of the secondary and especially photoelectrons,
reculting in a rapid increase in the current attenuation when the surface po-

tential turns positive and begins to rise.

The value of the bulk resistance R primarily affects Vg. For R = 1015 2,

bec wuse the leakage current Jk is relatively small, V., remains essentially the

2
s+me throughout the variation of Jpe(VS = 0), while V

1 increases rapidly and

turns to stabilize at a small positive value.

10

When R is reduced to 107~ f, because of the large leakage current J,, V

2° 1
-

increases and turns positive at relatively slower rate than for R = lOl) 2,
while V2 keeps increasing and may change sign to become positive, especially

in the low € domain.

For a given Jpe(vs = Q), V1 and V2 are, respectivelr, an increasing and

decreasing functjon of R, while both V are decreasing functions of JO. In

1,2
a typical substorm enrironment, the sun exposure may turn both Vl . positive
9 <
for € < 5.3 KeV and (in general) R < 10%% 9. The positive excursicn of V. and V,
C

is restricted to a few volts.
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SUMMARY AND CONCLUSIONS

The primary objective of this paper has been to describe the dependence
of the charging process for dielectiric surfaces on the various material response
characteristics. This was done with the intent of exhibiting the ranges of
magnitudes over which certain materials parameters either have a significant
influence on the charging process or contribute on’y weakly to the charging
levels attained. For this purpose it was importzua% to include in the analysis
all the currents involved in the equilibration of the charging potential.
Where possible the material dependence of these currents was described by vari-
ables to facilitate parametric excursions. The main areas treated in the anal-
yses and the chief conclusions derivable from ihe results are as follows:

The influence of bulk resistance on thé charging potential was analyzed
parametrically for R21010, fThe results show that for the lowest part of this
resistance 1ange the leakage current becomes a dominant factor in the equili-
bration process. For high resistance values the shadowed side of a dielectric
slab in a substorm enviromnment can develop a large negative potential. 1In
this case the otherwise relatively insignificant plasma proton current and its
secondary electron current may assume a dominant role in preventing further
growth of the negative potential. In view of the conspicuous dependence of
equilibrium potentials on dielectric resistivities, the ldrge variability of
resistivity values for importent candidete materials makes the prediction of
charging potentials problematic. Also, for dielectric materials of a few mils
thickness, such as Kapton sheets, the potentiel differences developed are fre-
guently sufficient to produce dielectric breakdown. Repeated breakdown in turn
may lead to progressive changes in resistivity.

For a sheet of dielectric meterial the equilibrium potential VS on the
sun-illuminoted side tends to saturate fer Jpeﬁ'l nA/cm2. The saturation Vs
is a few volts positive and depends only weakly on kT. The largest effect on
V, is in the range O - 0.5 nA/cmg, where V_ moves from large negative (xV) val-
ues to small positive values... This dynamic behavior is important in sun-angile
variations and terminator crossings. If the bulk resistanze of the sheet is
large, the shadcved side potential settles at a large negative value; however,
for a sufficiently low resistance (~~10lO ohm—cmz) both sides may become posi-
tive.

Aa analysis of the sensitivity of the charging process to the value of the
backscattering yield B shows the following trend: If 8 is significantly larger
than 0.2, then at lower substorm plasma temperatures (e.g. kTS5 keV), even a

shadowed surface may turn positive. However, for large kT (> 10 keV) the in-
fluence of B on the attained surface potential Vs becomes pregressively weaker,
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Tabls 1 Electrical Characteristics of Selected Dielectrics

VOLUME RESISTIVITY {Q-CM] "'E"&‘«’:’L"r'?ﬁ{‘f"“"
TEFLON FEP 1018 (25.175°¢) 8103 (0.6 MIL) — 4-103 (4 MiL)
KAPTON 10'8 (26°C) - 1014 (200°C) 7-103 (1 ML) — 4.6-10° (3 ML)
BOROSILICATE GLASS 51013 (26°C) - 6102 (200°C) 1104 ~ 2108
FUSED SILICA 1018 (26°C} — 5.1013 (200°¢) 1104 - 2404
SODA LIME GLASS 101%(26°c) - 6107 (200°C) 1104 - 2104
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