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ABSTRACT

In this paper some experimental lab measurements done, to measure the dielectric constant for glass with thin
film, we need to measure the dielectric constant for glass to use it in simulation purposes of frequency
selective services, which used to design low pass filter ( to pass required frequency) or to design band stop
frequency and may type of filters. After using a parallel plate capacitor experimentally determined that the

dielectric constant for glass (2mm) with thin film &, = 3.73345 at 100 MHZ.

KEYWORDS: Capacitance, dielectric constant, frequency selective surfaces (FSS), Frequency, Farad
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1. INTRODUCTION

By using parallel plate experimental with relation between capacitance and dielectric constant , can
measure and calculate the dielectric constant (relative static permittivity ), herein want to measure glass
and thin film for some purpose of simulation and studying property for energy saving glass windows to
improve the performance and transmission of frequencies by using frequency selective surfaces (FSS) ,
by determining the accurate relative permittivity ( dielectric constant ) can be design the accurate
frequency selective surfaces in energy saving glass windows to improve required signal inside the
buildings.

|. LITERATURE REVIEW
Regarding to relation between capacitance and plate separation for an ideal parallel plate capacitance is
very simple, it is common to do experiments to examine this relation, there are many articles relating to
capacitors and dielectric materials [1-10]. Frequent purpose of these experiments is to verify the relation
between the capacitance and the plate separation based on the parallel plate capacitance equation
&-& A

- ®

C : is the capacitance, in farads
A is the area of overlap of the two plates, in square meters

C =
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&, . Is the relative static permittivity (sometimes called the dielectric constant) of the material between the
plates (for a vacuum, ¢, = 1)

£,=8.854187817...x10 1> F-m* (farads per meter) is electric constant
d is the separation between the plates which is the thickness, in meters;

cd
T gA

(2)

&

A dielectric (or dielectric material) is an electrical insulator that can be polarized by an applied electric
field. When a dielectric is placed in an electric field, electric charges do not flow through the material as
they do in an electrical conductor but only slightly shift from their average equilibrium positions causing
dielectric polarization. Because of dielectric polarization, positive charges are displaced in the direction
of the field and negative charges shift in the opposite direction. This creates an internal electric field that
reduces the overall field within the dielectric itself. If a dielectric is composed of weakly bonded
molecules, those molecules not only become polarized, but also reorient so that their symmetry axes align
to the field. The study of dielectric properties concerns storage and dissipation of electric and magnetic
energy in materials. Dielectrics are important for explaining various phenomena in electronics, optics,
solid-state physics, and cell biophysics.

Capacitance is the ratio of the change in an electric charge in a system to the corresponding change in its
electric potential. There are two closely related notions of capacitance,(a) self-capacitance and (b) mutual
capacitance. Any object that can be electrically charged exhibits self-capacitance. A material with a large
self-capacitance holds more electric charge at a given voltage than one with low capacitance. The notion
of mutual capacitance is particularly important for understanding the operations of the capacitor, one of
the three elementary linear electronic components (along with resistors and inductors).

Fig 1 is the capacitance is a function only of the geometry of the design (e.g. area of the plates and the
distance between them) and the permittivity of the dielectric material between the plates of the capacitor.
For many dielectric materials, the permittivity and thus the capacitance, is independent of the potential
difference between the conductors and the total charge on them.

So as equation (1) and (2) shows that the relation between capacitance and dielectric constant (relative
static permittivity).
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The Sl unit of capacitance is the farad (symbol: F), named after the English physicist Michael Faraday. A
1 farad capacitor, when charged with 1 coulomb of electrical charge, has a potential difference of 1 volt
between its plates [1]. The reciprocal of capacitance is called elastane.

Charge
-+ -2
Electric Plate
field ~ area A
——
Plate separation o

Fig (1): A polarized dielectric material

Experiment
In this experiment we used semiconductor characterization system model (4200-SCS) KITHLEY (Fig 2)
instrument, with external test fixture hp16055A (Fig 3),

Semlcoafi[&(tl):h?agogualon System

Fig (3): test fixture hp16055A
The parallel plate capacitors we construct are simple and extensive. The construction is diagramed in

Fig. (4)
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4200-5C5
Hp 160554

Test fixture W—

Copper plate

Material need to be test

Copper plate ¢ monitor

Fig 4: construction diagram

, before starting measure the capacitance, we test one known capacitor with 14 microfarad as Figure (5)
for calibration purpose and to satisfy and test the instruments

Fig (5): testing capacitor 14 microfarad.

Capacitance measurements have been used to determine a variety of semiconductor parameters on many
different devices and structures. Three measurement techniques are used to derive critical Parameters from
a wide range of new materials, processes, devices. Multi-frequency capacitance Provides capacitance vs.
voltage (C-V), capacitance vs. frequency (C-f), and capacitance vs. time (C-t) measurements to evaluate
at frequencies ranging from 10-MHz down to 1-kHz. Sometimes even lower frequency capacitance
measurements are necessary to evaluate test parameters of thin film transistors, MEMS structures, and
other high impedance devices. Called very low frequency (VLF) C-V, this newer technique performs C-
V measurements in the range of 10-mHz to 10-Hz. To characterize slow trapping and de-trapping
phenomenon in some materials, a capacitance measurement technique called quasistatic (or almost DC)
measurements can be used.
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Capacitance measurements at the wafer level are often plagued by preventable measurement errors.
Ensuring the accuracy of capacitance measurements can be challenging due to parasitic capacitance from
cable, switch matrix, and featuring combined with small capacitance values, often in the Pico farad or
femto (10-15) farad range. These values are typically far lower than most LCR meters can resolve.
Additionally, measuring capacitance on a semiconductor wafer is very different from measuring a
packaged device due to the effects of the probe station’s chuck.

To ensure measurement integrity, it’s important to understand how a capacitance measurement is made.
A typical capacitance meter will apply a DC bias voltage across the device under test while measuring the
AC signal at a frequency between 1-kHz to 10-MHz. For MOScap structures, the DC voltage is swept,
which causes the device under test to pass through accumulation into the depletion region and then into
the inversion region. Kiteley’s Model 4200-SCS Parameter Analyzer includes an extensive set of sample
programs, test libraries, and built-in parameter extraction examples to simplify C-V measurements. after
preparing the lab with above instruments, starting taking the measurements as Fig (6).

Fig (6): performing test on lab

Capacitance measurements have been used to determine a variety of semiconductor parameters on many
different devices and structures. Three measurement techniques are used to derive critical Parameters from
a wide range of new materials, processes, devices. Multi-frequency capacitance Provides capacitance vs.
voltage (C-V), capacitance vs. frequency (C-f), and capacitance vs. time (C-t) measurements to evaluate
at frequencies ranging from 10-MHz down to 1-kHz. Sometimes even lower frequency capacitance
measurements are necessary to evaluate test parameters of thin film transistors, MEMS structures, and
other high impedance devices. Called very low frequency (VLF) C-V, this newer technique performs C-
V measurements in the range of 10-mHz to 10-Hz. To characterize slow trapping and de-trapping
phenomenon in some materials, a capacitance measurement technique called quasistatic (or almost DC)
measurements can be used.
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Capacitance measurements at the wafer level are often plagued by preventable measurement errors.
Ensuring the accuracy of capacitance measurements can be challenging due to parasitic capacitance from
cable, switch matrix, and featuring combined with small capacitance values, often in the Pico farad or
femto (10-15) farad range. These values are typically far lower than most LCR meters can resolve.
Additionally, measuring capacitance on a semiconductor wafer is very different from measuring a
packaged device due to the effects of the probe station’s chuck.

To ensure measurement integrity, it’s important to understand how a capacitance measurement is made.
A typical capacitance meter will apply a DC bias voltage across the device under test while measuring the
AC signal at a frequency between 1-kHz to 10-MHz. For MOScap structures, the DC voltage is swept,
which causes the device under test to pass through accumulation into the depletion region and then into
the inversion region. Kiteley’s Model 4200-SCS Parameter Analyzer includes an extensive set of sample
programs, test libraries, and built-in parameter extraction examples to simplify C-V measurements. after
preparing the lab with above instruments, starting taking the measurements as Fig (6).

Fig (6): perforing test on lab

to measure:

Capacitance for glass with thickness = 7.5 mm from 1kHZ up to 10 MHZ
Capacitance for glass with thickness = 2 mm from 1kHZ up to 10 MHZ
Capacitance for Thin film with thickness = .05 um from 1kHZ up to 10 MHZ
Capacitance for Both glass (thickness = 7.5 mm) with thin film(.05 pum)
Capacitance for Both glass (thickness = 2 mm) with thin film(.05 pum)

ok wdPE

After performing measurements, collecting data for capacitance in Farad from semiconductor
characterization system model (4200-SCS) KITHLEY as Fig (7)
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Fig (7): collecting results and data from KITHLEY model (4200-SCS)

Table (1) shows all results for all cases, dielectric constant (relative static permittivity) in each above case,
for glass (both thickness), and glass with thin film

Table (1): Results for dielectric constant (&, ) for each case
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f(H2)

glass with 7.5 mm

glass with 2mm

thin film (.05
micometer)

thin film with glass
(7.5mm)

thin film with glass
(2mm)

G

£

C(F)
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)

&
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&
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Fig (8): chart curves for different dielectric constant with frequency.

Table (2) shows that some research using parallel plate capacitor to determine dielectric constant for some

materials.

Table 2: some research using parallel plate capacitor to determine dielectric constant for some

materials
References Material
[13] Paper, wood and Teflon
[14] Liquids and powder
[15] Polyaniline& epoxy
[16] Spin-coated
(17] liquid sample
(18] thin-film
[19] Thin-Film
[20] Liquids
111. CONCLUSION

Small plate separations are required for appreciable capacitances which require to determine the dielectric

constant (relative static permittivity), the results for glass was matched the results in [11

—12], Itis clear

that when the thickness decrease the capacitance is increase., and when increase the frequency the relative
static permittivity is decrease, but the relative static permittivity is constant for same material until
changing the thickness , the change only occurs when changing the frequency, for future work need to test

measure the dielectric constant by another technique to compare the results.
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