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Introduction

Ungrounded Metal Energetic

Accumulates Electrons, Electrons * Energetic electrons will penetrate into
Mav Cause Discharae to Trace Penetrate Shell . . .
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Board
Trace _ _ _
o Electrons may be stopped in dielectrics
or on ungrounded conductors.
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boare T T v e If too many electrons accumulate, the
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Introduction

« Discharge creates a local plasma.

e Current Increases on nearby
conductors that are grounded.

« \Woltage of the dielectrics
decreases.

BLOWOFF CHANNEL

NEGATIVELY CHARGED
{) - - -’;?kyifg (fmsu-:::'rmc

« Discharge pulses can be detected.
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[A.R.Frederickson,1983]
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Earth’s internal charging
threat regions Is estimated
assuming averages electron
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The electron fluence

Conductivity '
‘ . The electron spectrum
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Phenomena
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Phenomena
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@ @ * No clear relationship between pulses and orbital
electron fluence.
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Space radiation particle

e The Deep Dielectric Charging - o o~ saeliteskn
< 30um Cu mm Al equivalen
Effects  Monitor(DDCEM) A
carried by BD3M17 satellite | -
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« DDCEM can monitor leakage fllos ground reference
current and internal potential A @
of FR4 samples.

Satellite telemetry system
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 Internal potential decreased with the increase of time.
« Dielectric properties may have changed due to the electron radiation dose.
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Geant4-RIC

s”E':I”" = p_(x,t)+ p,_(x,1), Poisson Equations
0x
ﬂ_p_{j‘,.“lE[I,.’l-l- olx) E(x,t) ] ] ]
SE (.t The equation of continuity
+J(x)+ §—— =Jy(x,1),
ot
0p,_(x.t) _p(xbf po(xh) The rate equation for deep trapping of negative charges
ot T e, )
Vix.t)= _ff E(x.t)dx The equation of voltage
0

~
c=0,+0,=0,+kD".

o 2+cosh(B,E /2k,T) The equation of conductivity containing RIC and E
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Geant4-RIC

Shielding
layer
E | "“ -
D = I.D 4 lO_“ . g . Front Back
I,pA,Ax — metal  Dielectric =~ metal
layer multi-layers layer
J _ QE . \
T A EE —
E:" aé- T
 The radiation dose rate and current ¥ (2)
density are calculated by the Monte N
Carlo method of Geant4

[Yu Xianggian, 2016]
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Geant4-RIC

o If E(x,0)=0, V(X,0)=0 j is constant

The electric field of dielectric during the charge process is:

oo 2f-en(-)

The electric field of dielectric during the discharge process is:

E=E, exp( Gt)

€

The time constant of charge and discharge is :
3
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Ground Experiment




Ground Experiment

« Energy. 30KeV P mmm

Metallic Electrode

e Current: 1600pA/cm?

. Radiation dose:10M, 25M, 30Mrad oo _I—

. . : Sample
« Sample: Polyimide - | &
o Sample Thickness: 50um | E

Voltmeter

e Temperature: 300K L
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Ground Experiment

e Three same samples was exposed to Vacuum Chamber
different radiation dose.

e The relative permittivity of the
sample was measured after the ST e

- Material Constant
1?_ha_lrg?]e ;nd discharge process | | Voltmeter
inished.
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Results

The result of the Geant4 — RIC simulation
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The charge process
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Results

The discharge process
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Results

The result of the ground experiment

900 T T T T | T QDD T T T T T T T

|
— R ER — IR HE

[ b P B 800 FE WAL IR 5 Hie | 1
"N

800 .
700 .
700 .
600 .
5[}0 i 4[}0 T
300 .
400 .
2001 .
300 N
100 .
2[}0 i I i i i D i i i i i i I
0 10 20 30 40 50 60 0 5 10 15 20 25 30 35 40
i) (8] /h i) 8] /h
10Mrad irradiation 30Mrad irradiation

O,




Results

The result of the ground experiment

charge decay curve of polyimide

After 10Mrad irradiation, the time constant

@ @ 7 =19.1
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charge decay curve of polyimide
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Results

The result of the ground experiment

128

Dielectric Radiation dielectric 1 1
thickness/um dose/Mrad constante ¥ ; — E
50 0 1.250 0
50 10 1.207 0.02
50 25 1.129 0.06
50 30 1.093 0.08
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Results

The change of relative permittivity of each layer may be:
€

= AR

The sample can be treated as 50 series capacitor:

50
d z d
EOE*A - 1n€O€lA 1 hirradiated
1=

Volume

The change of total relative permittivity:

1 1 k 50 A
— 2 =2y350 pt
* € ngzl—l l
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Conclusion

e The relative permittivity of Polyimide decreased with the increase of total
radiation dose.

« The time constant of discharge differs from the total radiation dose received.
* More parameters may be affected by the radiation dose, such as dark conductivity.

 More experiments on different dielectric materials will be carried out when the
Covid-19 ends.
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