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Time-Evolved Constant Voltage Conductivity Measurements
of Common Spaceborne Polymeric Materials

Brian Wood, David King, JR Dennison
Utah State University

‘ Bulk Conductivity NOT a Constant

» Transport Mechanisms in HDIM and Conductivity Model

> Measurement Limits and Critical Times

» Experimental Setup and Sample Preparation

» Results and Comparison
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Charge Transport in HDIM
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Dispersive Transport
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Macroscopic Charge Transport Mechanisms

t
() —(1— _
o(t) = opc + Opge PO + [O'dispt (19 + Giranst (1+“)] + Opc + ORrIC

‘ a(t)_](t) _I@®-d

F(t) V-A

opC = gene e dark current or drift conduction—very long time scale equilibrium conductivity.
-t

Opo1(l) = [(e,°f’ — €2)e,/ rpol] . "ol long time exponentially decaying conduction due to polarization
o-glispersive : t_(l_a) ) (fOl‘ t < Ttransit)
atransit(t) = Gt(:’ransit (1t ; (for t > Tyransic)

space charge through coupling with energy distribution of trap states.
= §.. — 0 ;]

GAC(V) - Zl [(er (V) Er)Eo 1+(v/v,-)2

frequency-dependent AC conduction—dielectric response to a periodic applied electric field
: : I N -1

oric(t, D; Tric) Tric) = Shuc (D) (1 — e "ric/t t"”)) (1 + (t— torr)/Thic)

radiation induced conductivity term resulting from energy deposition within the material.

O gispersive (1) E{ broadening of spatial distribution of
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· σDC ≡ qe ne μe dark current or drift conduction—very long time scale equilibrium conductivity.

·  long time exponentially decaying conduction due to polarization  

·  broadening of spatial distribution of space charge through coupling with energy distribution of trap states.  

·  

frequency-dependent AC conduction—dielectric response to a periodic applied electric field  

·  

radiation induced conductivity term resulting from energy deposition within the material. 




Limits of Measurement and Uncertainties

t

-G —(1- _
G(t) = Opc T Opol€ Tpol” + [o-dispt (1~ + Otranst (1+a)] T Oac T ORrIC

‘ t
CVC G(t) = OpC + o-pole ("[po]) + [o_dispt—(l—a) + o.transt—(l'l‘a)]

Noise Sources Estimated Contributions to Conductivity
e Thermal o Aly =~ 4x107184 --> o= 6x107%*(2-cm)~!
* Oxc * Displacement current due to voltage ripple
—»— AV = 0.02% (Battery)
* ORIC * RIC from cosmic microwave background for LDPE
—»— 0~ 4x107%3(2 - cm)!
« Electrometer Noise e Al =2x1071%4 55 0=3x107%1(2-cm)?!
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Critical Time Scales and Conductivities
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CVC Experimental Setup

Front

Electrode
i ‘ DAC
" ﬁ;m- & . i !.

Guard ) ___E@
Rear : T |
Electrode | = = i

Constant Voltage Conductivity ettt :

* Time evolution of conductivity t I(t) - d

*<101sto>10°s O'(t) — ]( ) — ( )

« + 2x107154 resolution F(t) V(t) - A

Al ~ 3x10716 4 \

~100K <T <375K V(t) —» V with Battery

A

@ UtahStateUniversity
Ao g COLLEGE OF SCIENCE



LDPE Results

Removing DC from the data
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Determining Equilibrium Conductivity
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Averages of conductivity taken near end at the same temperature over cycles

Equilibrium defined as when the transitive contribution falls below instrument
error and when the total fit agrees with the dark conductivity
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Results: Kapton vs LDPE
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Tpo11 = 0.1 min

Tpol2 = 0.5 min

Opor1 = 9-0x107°(Q - cm) ™!

Tpol = 2.4 min




PEEK Results
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Polypropylene Results

B Current Data
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e Very Long Equilibrium Time
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Conclusions

» Bulk conductivity reduces in time, with most of the reduction happening
within the first few hours of charge injection

» Reduction should be taken into account when modeling charging

» This along with conductivity enhancers should be considered in terms of
decay time and specific flight and rotational characteristics

» Temperature control as next step for future measurements

Thank You
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