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11.1 Dielectric Behavior
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Figure 11.8 Current-voltage diagram or power-indicator diagram of electric alternating

currents
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Figure 11.9 Current and voltage in a condenser. / = current, U = voltage, ¢ = time a) Without
dielectric losses (ideal condition), current and voltage are displaced by the phase angle
@ =90 or /2 ; b) With dielectric loss, the current curve /" is delayed by the loss angle &

If the condenser has losses, when tané >0, a resistive current /, is formed leading
to a heating energy rate in the dielectric of

E, = %U]Bf, tans

(11.27)

where I, represents the total current or the magnitude of the vector in Fig. 11.8.
Using Eq. 11.25 for capacitance leads to

* ’ 1 il . ”
C=C-—=0C-iC
Row !

(11.28)

where C” is the complex capacitance, with C as the real component defined by

C'= g8,

° (11.29)
and C” as the imaginary component described by
1 » A
= Ro 0%y (11.30)
Using the relationship in Eq. 11.5 we can write
C'= G (e-ie) =g, (11.31)
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11 Electrical Properties of Polymers

where ¢; is called the complex dielectric coefficient. According to Eqgs. 11.25 and
11.31, the phase angle difference or dielectric dissipation factor can be defined by

I, g
tand =L ==L
an A (11.32)
If we furthermore consider that electric conductivity is determined by
_1d
“RA (11.33)
then the imaginary component of the complex dielectric coefficient can be rewritten
as
e =—2—=¢tans (11.34)
0E,

Typical ranges for the dielectric dissipation factor of various polymer groups are
shown in Table 11.2. Figures 11.10 [1] and 11.11 [1] present the dissipation factor
tan & as a function of temperature and frequency, respectively.

Table 11.2 Dielectric Dissipation Factor (tan ¢) for Various Polymers

Material tan
Non-polar polymers (PS, PE, PTFE) <0.0005
Polar polymers (PVC and others) 0.001-0.02
Thermoset resins filled with glass, paper, cellulose 0.02-0.5
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Figure 11.10 Dielectric dissipation factor as a function of temperature for various polymers
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Figure 11.11 Dielectric dissipation factor as a function of frequency for various polymers

11.1.4 Implications of Electrical and Thermal Loss in a Dielectric

The electric losses through wire insulation running high frequency currents must
be kept as small as possible. Insulators are encountered in transmission lines or in
high-frequency fields such as the housings of radar antennas. Hence, we would
select materials that exhibit low electrical losses for these types of applications.

On the other hand, in some cases we want to generate heat at high frequencies.
Heat sealing of polar polymers at high frequencies is an important technique used
in the manufacturing of soft PVC sheets, such as the ones encountered in auto-
mobile vinyl seat covers.

To assess whether a material is suitable for either application the loss properties of
the material must be determined and the actual electrical loss calculated. To do
this, we can rewrite Eq. 11.27 as

E,=U?wCtand (11.35)
or as
E, =2nfU’d’¢,e tan5C, (11.36)

The factor that is dependent on the material and indicates the loss is the loss factor
g tano, called & in Eq. 11.34. As a rule, the following should be used:
g tand <107 for high-frequency insulation applications, and

g tand > 107 cfor heating applications.
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11 Electrical Properties of Polymers

In fact, polyethylene and polystyrene are perfectly suitable as insulators in high-
frequency applications. To measure the necessary properties of the dielectric, the
standard DIN 53 483 and ASTM D 150 tests are recommended.

B 11.2 Electric Conductivity

11.2.1 Electric Resistance

The current flow resistance, R, in a plate-shaped sample in a direct voltage field is

defined by Ohm’s law as
R:j—] (11.37)
or by
_1d
oA (11.38)

where o is known as the conductivity and d and A are the sample’s thickness and
surface area, respectively. The resistance is often described as the inverse of the
conductance, G,

-1
R= 2 (11.39)
and the conductivity as the inverse of the specific resistance, p,
1
o=—
0 (11.40)

The simple relationship found in Eq. 11.37-39 is seldom encountered because the
voltage, U, is rarely steady and usually varies in cyclic fashion between 107 to 10"
Hz [3].

Current flow resistance is called volume conductivity and is measured one minute
after direct voltage has been applied using the DIN 53 482 standard test. The time
definition is necessary, because the resistance decreases with polarization. For
some polymers we still do not know the final values of resistance. However, this has
no practical impact, because we only need relative values for comparison. Figure
11.12 compares the specific resistance, p, of various polymers and shows its
dependence on temperature. Here, we can see that similar to other polymer proper-
ties, such as the relaxation modulus, the specific resistance not only decreases with
time but also with temperature.

The surface of polymer parts often shows different electric direct-current resist-
ance values than their volume. The main cause of this phenomenon is surface
contamination (e.g., dust and moisture). We therefore have to measure the surface
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11.2 Electric Conductivity

resistance using a different technique. One common test is DIN 53 482, which uses
a contacting sample. Another test often used to measure surface resistance is DIN
53 480. With this technique, the surface resistance is tested between electrodes
placed on the surface. During the test, a saline solution is dripped on the elec-
trodes causing the surface to become conductive, thus heating up the surface and
causing the water to evaporate. This leads not only to an increased artificial con-
tamination but also to the decomposition of the polymer surface. If during this
process conductive derivatives such as carbon form, the conductivity quickly
increases to eventually create a short circuit. Polymers that develop only small
traces of conductive derivatives are considered resistant. Such polymers are poly-
ethylene, fluoropolymers, and melamines.
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Figure 11.12 Specific electric resistance of polymers and metals as a function
of temperature

11.2.2 Physical Causes of Volume Conductivity

Polymers with a homopolar atomic bond, which leads to pairing of electrons, do not
have free electrons and are not considered to be conductive. Conductive polymers
in contrast, allow for movement of electrons along the molecular cluster, because

DOCKET

A R M Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

Nsights

Real-Time Litigation Alerts

g Keep your litigation team up-to-date with real-time
alerts and advanced team management tools built for
the enterprise, all while greatly reducing PACER spend.

Our comprehensive service means we can handle Federal,
State, and Administrative courts across the country.

Advanced Docket Research

With over 230 million records, Docket Alarm’s cloud-native
O docket research platform finds what other services can't.
‘ Coverage includes Federal, State, plus PTAB, TTAB, ITC
and NLRB decisions, all in one place.

Identify arguments that have been successful in the past
with full text, pinpoint searching. Link to case law cited
within any court document via Fastcase.

Analytics At Your Fingertips

° Learn what happened the last time a particular judge,

/ . o
Py ,0‘ opposing counsel or company faced cases similar to yours.

o ®
Advanced out-of-the-box PTAB and TTAB analytics are
always at your fingertips.

-xplore Litigation

Docket Alarm provides insights to develop a more
informed litigation strategy and the peace of mind of

knowing you're on top of things.

API

Docket Alarm offers a powerful API
(application programming inter-
face) to developers that want to
integrate case filings into their apps.

LAW FIRMS

Build custom dashboards for your
attorneys and clients with live data
direct from the court.

Automate many repetitive legal
tasks like conflict checks, document
management, and marketing.

FINANCIAL INSTITUTIONS
Litigation and bankruptcy checks
for companies and debtors.

E-DISCOVERY AND

LEGAL VENDORS

Sync your system to PACER to
automate legal marketing.

WHAT WILL YOU BUILD? @ sales@docketalarm.com 1-866-77-FASTCASE




