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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      𝜀𝑟 =   3.73345 at 100 MHZ. 
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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. 

 

I. 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  

𝐶 =
𝜀𝑟𝜀0 A

d
                                                                                                       (1) 

𝐶 : is the capacitance, in farads 
A is the area of overlap of the two plates, in square meters 
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𝜀𝑟  : is the relative static permittivity (sometimes called the dielectric constant) of the material between the 

plates (for a vacuum, 𝜀𝑟 = 1) 

 

𝜀0 =8.854187817...×10−12 F⋅m−1 (farads per meter) is electric constant 

d is the separation between the plates which is the thickness, in meters; 

 

𝜀𝑟 =
𝐶 d

𝜀0𝐴
                                                                                                                        (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). 

 

https://en.wikipedia.org/wiki/Relative_static_permittivity
https://en.wikipedia.org/wiki/Farad
https://en.wikipedia.org/wiki/Metre
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The SI 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. 

 

 
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), 
 

 
Fig (2): semiconductor characterization system model (4200-SCS) KITHLEY 

 

 
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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Material need to be test 

Copper plate 

Copper plate 

4200 -SCS

monitor

Hp 16055A 
Test fixture

 
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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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 
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preparing the lab with above instruments, starting taking the measurements as Fig (6). 

 

 
Fig (6): performing test on lab 

 

to measure: 

1. Capacitance for glass with thickness = 7.5 mm from 1kHZ up to 10 MHZ 

2. Capacitance for glass with thickness = 2 mm from 1kHZ up to 10 MHZ 

3. Capacitance for Thin film with thickness = .05 µm from 1kHZ up to 10 MHZ 

4. Capacitance for Both glass (thickness = 7.5 mm) with thin film(.05 µm) 

5. Capacitance for Both glass (thickness = 2 mm) with thin film(.05 µm) 

 

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 (𝜺𝒓 ) for each case 
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C(F) C(F) C(F) C(F) C(F)

1.00E+03 2.14E-12 13.682 2.18E-12 3.71381 4.88E-11 2.0785 1.55E-12 9.98417 2.33E-12 4.07518

2.00E+03 1.21E-12 7.7477 1.73E-12 2.94265 5.02E-11 2.1397 2.21E-12 14.2317 2.02E-12 3.52618

3.00E+03 1.54E-12 9.8132 1.66E-12 2.82105 4.99E-11 2.1242 2.37E-12 15.2699 2.03E-12 3.54729

4.00E+03 1.56E-12 9.9948 1.61E-12 2.74458 4.95E-11 2.1079 2.32E-12 14.9458 1.96E-12 3.42984

5.00E+03 1.50E-12 9.5811 1.63E-12 2.77956 4.85E-11 2.065 2.28E-12 14.6778 1.97E-12 3.43139

6.00E+03 1.51E-12 9.6284 1.63E-12 2.778 4.85E-11 2.0644 2.30E-12 14.7875 1.97E-12 3.43246

7.00E+03 1.49E-12 9.5462 1.61E-12 2.73559 4.87E-11 2.0735 2.26E-12 14.5581 1.95E-12 3.40028

8.00E+03 1.49E-12 9.5236 1.60E-12 2.72958 4.86E-11 2.0683 2.26E-12 14.5614 1.93E-12 3.36784

9.00E+03 1.47E-12 9.398 1.58E-12 2.69507 4.83E-11 2.0554 2.24E-12 14.4254 1.93E-12 3.36902

1.00E+04 1.48E-12 9.4365 1.59E-12 2.70838 4.82E-11 2.0536 2.24E-12 14.3877 1.91E-12 3.34318

2.00E+04 1.44E-12 9.212 1.56E-12 2.65443 4.74E-11 2.0196 2.19E-12 14.0705 1.88E-12 3.28639

3.00E+04 1.43E-12 9.1151 1.54E-12 2.6295 4.72E-11 2.0093 2.16E-12 13.9098 1.87E-12 3.26235

4.00E+04 1.42E-12 9.0423 1.53E-12 2.61353 4.69E-11 1.9993 2.15E-12 13.8413 1.86E-12 3.24091

5.00E+04 1.41E-12 9.0009 1.52E-12 2.59371 4.67E-11 1.9907 2.14E-12 13.7699 1.85E-12 3.22757

6.00E+04 1.40E-12 8.9695 1.52E-12 2.59397 4.66E-11 1.9862 2.13E-12 13.7094 1.84E-12 3.21144

7.00E+04 1.40E-12 8.929 1.51E-12 2.58024 4.66E-11 1.9843 2.12E-12 13.663 1.84E-12 3.20524

8.00E+04 1.39E-12 8.8888 1.51E-12 2.56971 4.64E-11 1.9744 2.11E-12 13.5929 1.82E-12 3.18327

9.00E+04 1.40E-12 8.9668 1.52E-12 2.5907 4.59E-11 1.9556 2.13E-12 13.7157 1.83E-12 3.20093

1.00E+05 1.38E-12 8.8434 1.51E-12 2.56756 4.73E-11 2.0157 2.11E-12 13.5571 1.84E-12 3.21696

2.00E+05 1.38E-12 8.7994 1.50E-12 2.55127 4.60E-11 1.9599 2.09E-12 13.469 1.82E-12 3.16956

3.00E+05 1.37E-12 8.7593 1.49E-12 2.53869 4.58E-11 1.9516 2.09E-12 13.4203 1.81E-12 3.15424

4.00E+05 1.37E-12 8.729 1.49E-12 2.53063 4.57E-11 1.946 2.08E-12 13.3702 1.80E-12 3.14456

5.00E+05 1.36E-12 8.7079 1.48E-12 2.52441 4.56E-11 1.942 2.07E-12 13.339 1.80E-12 3.13797

6.00E+05 1.36E-12 8.6927 1.48E-12 2.51952 4.55E-11 1.9389 2.07E-12 13.3164 1.79E-12 3.13358

7.00E+05 1.36E-12 8.6819 1.48E-12 2.51584 4.55E-11 1.9367 2.07E-12 13.2946 1.79E-12 3.12985

8.00E+05 1.36E-12 8.672 1.48E-12 2.51289 4.54E-11 1.9346 2.06E-12 13.2761 1.79E-12 3.12628

9.00E+05 1.36E-12 8.6666 1.47E-12 2.50985 4.54E-11 1.9328 2.06E-12 13.2597 1.79E-12 3.12403

1.00E+06 1.36E-12 8.6598 1.47E-12 2.50747 4.53E-11 1.9312 2.06E-12 13.2455 1.79E-12 3.12216

2.00E+06 1.35E-12 8.647 1.46E-12 2.48867 4.52E-11 1.9239 2.04E-12 13.1474 1.78E-12 3.11619

3.00E+06 1.36E-12 8.6923 1.45E-12 2.47307 4.52E-11 1.9247 2.03E-12 13.078 1.79E-12 3.1278

4.00E+06 1.37E-12 8.7771 1.44E-12 2.45676 4.53E-11 1.9304 2.02E-12 13.0162 1.80E-12 3.15052

5.00E+06 1.40E-12 8.9287 1.44E-12 2.44614 4.58E-11 1.9485 2.02E-12 12.9987 1.83E-12 3.19643

6.00E+06 1.43E-12 9.1307 1.43E-12 2.4319 4.64E-11 1.9765 2.02E-12 12.9777 1.87E-12 3.25743

7.00E+06 1.47E-12 9.4017 1.42E-12 2.41734 4.72E-11 2.0117 2.01E-12 12.9551 1.91E-12 3.34

8.00E+06 1.52E-12 9.7368 1.41E-12 2.39602 4.83E-11 2.056 2.01E-12 12.9103 1.97E-12 3.44359

9.00E+06 1.59E-12 10.161 1.39E-12 2.36325 4.96E-11 2.111 2.00E-12 12.8492 2.05E-12 3.5751

1.00E+07 1.68E-12 10.701 1.37E-12 2.3279 5.12E-11 2.1792 1.98E-12 12.7461 2.14E-12 3.73345

f(HZ) glass with 7.5 mm glass with 2 mm
thin film (.05 

micometer)

thin film with glass 

(7.5mm)

thin film with glass 

(2mm)
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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 

 

III. 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], It is 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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