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Why study DCPD?

» There is not a widely accepted
physical model of DC partial discharge
(DCPD). '

« DCPD is a key indicator of dielectric
breakdown.

* Important DC applications include
« HVDC power ,
« Spacecraft charging -
 Microelectronics
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Density of States N (&)

Defect-driven model

Coystl Ideal crystalline insulators

» Large band gap of forbidden energies.

» Charge transport is solvable from first
principles.
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Glass

... | Highly disordered insulators

- « Spatially localized states exist in the
mobility gap.

* Analytic solutions from first

C” o principles are not available.
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Defect-driven model

Mean-Field Approximation
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Crine model

» Consider transport between evenly
spaced defects of the same energy is
a common approximation.

Dual-defect model

» Consider the average contributions of
low-energy physical defects and high-
energy chemical defects.

 Low-energy defects are thermally
recoverable.



Mean field theory—single defect model
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Mean field theory—single defect model
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Mean field theory—single defect model

2k, TAt —AGger €F2
P, (F,T,At) = inh
def ( ) < h )eXp[ kT | |2kpTNges

Dual-defect model—sum of the contribution of two defect types

—AGL, ;

2k, TAt
ég}(FTAt)—< bh ) Z exp
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k, T

LO-type low-energy defects correspond to physical defects.
HI-type high-energy defects are high energy chemical defects.




Defect-driven model
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Are DCPD and Breakdown Related?

Quantile-Quantile plots compare the distributions
of two observables.

If the distributions are related the plot is a linear.

If the fields at each quantile are identical, points
will lie on y=x.




Are DCPD and Breakdown Related?

Quantile-Quantile (g-q) analysis shows DCPD and breakdown are
correlated!
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Are DCPD and Breakdown Related?

g-g plots of uncorrelated data
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Correction to the limiting behavior

ZkaAt> [—Acggf
exp

def(F T, At) — ( h ka

Breakdown likelihood should
not go to infinity as defect
density goes to zero!!!
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Correction to the limiting behavior

P;d:(F,T,At) = (

LO
Pdef

2k, TAt x —Aaggf_zvow - €F?

Nger

Correction is analogous to
considering that tunneling
probability dies off with
increasing distance between
defects.



Correction to the limiting behavior

P;d:(F,T,At) = (

LO
Pdef

2k, TAt x —Aaggf_zvow - €F?
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We see that if the defect
density decreases sufficiently,
the probability of breakdown
vanishes.



Role of Recoverable Defects in DCPD

Depending on the temperature, low-
energy defects an be created or
annihilated.
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Role of Recoverable Defects in DCPD

Start with field-assisted thermally
assisted hopping transport.



Role of Recoverable Defects in DCPD

As a discharge begins to form, thermal
energy is released into the bulk.
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Role of Recoverable Defects in DCPD

Enough low-energy defects are thermally
annealed to stop the motion of charge.
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Runaway charge Temperature in

motion begins the area of the
under applied discharge
electric field. Increases.




Runaway charge
motion begins
under applied
electric field.

Temperature in
the area of the
discharge
Increases.

Enough defect
recovery takes
place to stop
motion of
charge—DCPD

Defect recovery
insufficient to
stop charge
avalanche—

"4 breakdown
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