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Dielectrics ) e,

= Electrically insulating materials can act as
a dielectric if they can be polarized by an
applied electric field.

Permittivity (k)

= Defining property of a dielectric
material, measure of the material’s
ability to store charge.

Dielectric Loss (DF)

= Dielectric materials are widely utilized in
science and technology, specifically in

capacitors.
= Dielectrics are characterized by the - l\/'lea.\sur.emen't of stored. charg'e
permittivity and dielectric loss. dissipation within the dielectric

= All dielectrics have a field limit at which Dielectric Breakdown Strength
the material catastrophically fails (conduct -
charge). This is called the dielectric
breakdown strength.

The field at which the insulating
properties of the material fail.
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Weibull Statistics

= A Weibull distribution is
customarily used in the analysis
of breakdown strength data.

= o Parameter- dielectric
breakdown strength, the
breakdown field at which 63.2%
of samples have failed.

= [ Parameter- data dispersion
= High B parameter desired

= vy Parameter- threshold
parameter

B
F(t) = 1—6_(7]/)

Probability

0.92
0.65

0.35+
02+

0.09

0.04 -
0.022 +

0.01

0.0045-

0.0018-
1000

73C

Process Identifier
I
w
2

23CH

1000

Sandia
r.h National
Laboratories

63.2%

B=12.7

breakdown field (kV/cm)

6.2

B=10.8

200 2000 00 50 600 7000 8000
breakdown field (kV/cm) 3




Mylar® Dielectrics

Mylar is the trade name for DuPont
poly(ethylene terephthalate)

Mylar films are utilized as the
dielectric material in high voltage
capacitors.
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Polyethylene terephthalate (PFET)

Figure 1: Test electrode array, consists of 30 - 6.3mm
diameter electrodes
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This Study

Measure and investigate changes in
the dielectric properties of Mylar as
test temperatures approach Tg.

Measure dielectric properties at
various relative humidity levels
ranging from 0% to 75%.

DC voltage ramp rate affects on
measured breakdown strength from
50V/s to 3000V/s.

Determine dependence of dielectric
properties on electrode area by
varying electrode diameter.



Elevated Temperature ) i
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Permittivity/Dielectric Loss (10kHz)
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align more readily. Loss decreases with
elevated temperature.



Elevated Temperature ) i

Dielectric Breakdown Strength (E,)
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temperature increases from room temperature
to 73°C.

As temperature increases thermal breakdown
pathways may be activated, contributing to the
decrease in breakdown strength.
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Variable Relative Humidity ) e,

permittivity (10kH Z) Y 25% Relative Humidity
0% Relative Humidity
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It is suggested that the water molecules form clusters at the terminal —OH groups ot PE1, which can sustain an
effective dipole within the material, contributing to the existing polarization and increasing permittivity. 7



Variable Relative Humidity

Dielectric Breakdown Strength (E,)
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As the percentage of relative humidity
increases, the dielectric breakdown
strength decreases. This decrease is a
result of new breakdown pathways created
by the presence of water.

The Weibull B parameter also increases as
humidity is increased.
8




DC Voltage Ramp Rate ) s

Stepped Ramp Rate vs. Continuous Ramp Rate

Stepped Ramp Rate Weibull Analysis
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increased time under electrical stress. 9




Electrode Area )

Permittivity/Dielectric Loss
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Summary and Conclusions ) i,

= Elevated Temperature

= Permittivity increases as temperature increases, likely due to
increased dipole mobility. Loss decreases with elevated
temperature.

= Astemperature increases thermal breakdown pathways may be
activated, contributing to the decrease in breakdown strength.

= Variable Relative Humidity

= Decreases in breakdown strength is likely a result of increased thermal breakdown pathways.

= DC Voltage Ramp Rate

= As DC voltage ramp rate in increased, the breakdown strength (Weibull a) of the materials
increase as well. Breakdown can occur at lower voltages with slow ramp rates due to the
increased time under electrical stress.

http://iopscience.iop.org/article/10.1088/0964-1726/21/4/045012

= At higher voltage ramp rates, breakdown strengths of continuous ramps is greater than
stepped ramps at the same rate. The stepped ramp applies the voltage increase instantly,
causing more electrical stress than gradual increases of a continuous ramp.

= Electrode Area

= No significant effects on permittivity and loss; however, there is a significant impact on the
breakdown strength. Increased electrode area increases the defect density within the test area,

leading to a higher probability of breakdown at lower fields. 12




Future Work ) &

= Variable Relative Humidity

= Further studies to confirm instrument accuracy, compare to previous
measurements on the same samples.

= Examine the effects of moisture at lower frequency ranges, and
define frequency vs. humidity relationship.
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