









	
 Home

	 Add Document
	 Sign In
	 Create An Account














[image: PDFKUL.COM]






































	
 Viewer

	
 Transcript













Resistors: Classification and characteristics



EC04 403 Electronic Circuits



2. Capacitors 2.1 Introduction If a potential difference is found between two points, an electric field exists that is the result of the separation of unlike charges. The strength of the field will depend on the amount the charges have been separated. Capacitance is the concept of energy storage in an electric field and is restricted to the area, shape, and spacing of the capacitor plates and the property of the material separating them. When electrical current flows into a capacitor, a force is established between two parallel plates separated by a dielectric. This energy is stored and remains even after the input is removed. By connecting a conductor (a resistor, hard wire, or even air) across the capacitor, the charged capacitor can regain electron balance, that is, discharge its stored energy. The value of a parallel-plate capacitor can be found with the equation.



where C = capacitance, F; e = dielectric constant of insulation; d = spacing between plates; N = number of plates; A = area of plates; and x = 0.0885 when A and d are in centimeters, and x = 0.225 when A and d are in inches. A capacitance has a capacitance of one farad, if one coulomb of charge is deposited on the plates by a potential difference of one volt across the plates. The value of a capacitor can now be calculated from the equation where C is the capacitance in F, Q=the charge stored(C) and V is the potential difference across the plates. The energy stored in a capacitor is Table 1- Comparison of Capacitor Dielectric Constants



where W=energy (J), C=the capacitance(F), and V=the applied voltage (V). The dielectric constant of a material determines the electrostatic energy which may be stored in that material per unit volume for a given voltage. The value of the dielectric constant expresses the ratio of a capacitor in a vacuum to one using a given dielectric. The dielectric of air is 1, the reference unit employed for expressing the dielectric constant. As the dielectric constant is increased or decreased, the capacitance will increase or decrease, respectively. Table below lists the dielectric constants of various materials. The dielectric constant of most materials is affected by both temperature and frequency, except for quartz, Styrofoam, and Teflon, whose dielectric constants remain essentially constant.
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2.2 Capacitors in Circuits a. The Q (Quality Factor) for a capacitor when the resistance and capacitance is in series is



where Q = ratio expressing the factor of merit; f = frequency, Hz; R = resistance,W; and C = capacitance. Quality factor is the ratio of the capacitor’s reactance to its resistance at a specified frequency and is found by the above equation. Power Factor (PF): Power factor is the preferred measurement in describing capacitive losses in ac circuits. It is the fraction of input volt-amperes (or power) dissipated in the capacitor dielectric and is virtually independent of the capacitance, applied voltage, and frequency. b. When capacitors are connected in series, the total capacitance is



and is always less than the value of the smallest capacitor. c. When capacitors are connected in parallel, the total capacitance is d. When a voltage is applied across a group of capacitors connected in series, the voltage drop across the combination is equal to the applied voltage. The drop across each individual capacitor is inversely proportional to its capacitance C.



where VC = voltage across the individual capacitor in the series (C1, C2, ...,Cn), V; VA = applied voltage, V; CT = total capacitance of the series combination; and CX = capacitance of individual capacitor under consideration. e. In an ac circuit, the capacitive reactance, or the impedance, of the capacitor is



where XC = capacitive reactance, W; f = frequency, Hz; and C = capacitance, F. The current will lead the voltage by 90° in a circuit with a pure capacitor. f. When a dc voltage is connected across a capacitor, a time t is required to charge the capacitor to the applied voltage. This is called a time constant and is calculated with the equation where t = time, s; R = resistance, W; and C = capacitance, F. In a circuit consisting of pure resistance and capacitance, the time constant t is defined as, the time required to charge the capacitor to 63.2% of the applied voltage. During the next time constant, the capacitor charges to 63.2% of the remaining difference of full value, or to 86.5% of the full value. The charge on a capacitor can never actually reach 100% but is considered to be 100% after five time constants. When the voltage is removed, the capacitor discharges to 63.2% of the full value. Capacitance is expressed in microfarads (mF, or 10–6 F) or picofarads (pF, or 10–12 F) with a stated accuracy or tolerance. Tolerance may also be stated as GMV (guaranteed minimum value), sometimes referred to as MRV (minimum rated value). All capacitors have a maximum working voltage that must not be exceeded and is a combination of the dc value plus the peak ac value which may be applied during operation. 2.3 Specifications of Capacitors a. Value of capacitance: Capacitance value of a capacitor is usually expressed in µF,nF or pF. b. Working voltage: It is the maximum voltage at which a capacitor can operate without failure. This is usually rated as dc volts. It mainly depends upon the dielectric strength of the capacitor.  
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c. Tolerance: This is the accuracy to which the value of capacitor can be made or selected. It is quoted as the maximum permissible percentage deviation from the marked value. d. Stability: Stability is usually expressed in terms of the long or short-term percentage variation of capacitance which occurs under specified physical and electrical operating conditions. e. Leakage Current (Ideally zero): This indicates the current flowing in the dielectric when the rated DC voltage is applied, quoted at a given temperature. f. Temperature coefficient: It gives the indication to the change in capacitance due to temperature. It is usually expressed in parts per million (ppm) per unit temperature change (ppm/o c).



2.4 Types of Capacitors Capacitors are used to filter, couple, tune, block dc, pass ac, bypass, shift phase, compensate, feed through, isolate, store energy, suppress noise, and start motors. They must also be small, lightweight, reliable, and withstand adverse conditions. Capacitors are grouped according to their dielectric material and mechanical configuration. Like resistors capacitors can also be included under: Fixed capacitors and Variable Capacitors. 2.4.1 Fixed Capacitors: Fixed capacitors are those for which value of capacitance is constant ad can not be changed. Different types of fixed capacitors are: Paper, Mica, Ceramic, Electrolyte etc. (There are many other types are also available, but they are out of the scope of this paper and hence not included) a. Paper capacitor: A paper capacitor is made of flat thin strips of metal foil conductors that are separated by waxed paper (the dielectric material). Paper capacitors usually range in value from about 300 picofarads to about 4 microfarads. The working voltage of a paper capacitor rarely exceeds 600 volts. Paper capacitors are sealed with wax to prevent corrosion, leakage, and the harmful effects of moisture. There are two types of paper capacitors: Impregnated paper capacitor Metalized paper capacitor In impregnated type (fig A), the paper sheets are impregnated with oils or waxes to prevent absorption of moisture. Impregnation also increases dielectric strength. These paper sheets are rolled with in metal foils as shown in fig (A). The contact to foils is made by welding leads to it. Finally the capacitor is encapsulated in a metal can or resin. In case of metalized paper capacitor a metal layer is sprayed (thickness of about 50microns) to the paper so as to avoid separate foils. These paper sheets are rolled and impregnated with an impregnant. Then it is enclosed in a metal case. Paper capacitors are generally used for run capacitors in single-phase motors. These capacitors are metal-cased and have a low capacitance for constant operation in the AC circuit. The larger size and lower capacitance is necessary for effective heat transfer. Oil capacitors are often used in high-power electrical equipment. An oil-filled capacitor is nothing more than a paper capacitor immersed in oil. Since oil-impregnated paper has a high dielectric constant, it can be used to produce capacitors with a high capacitance value. Many capacitors will use oil with another dielectric material to prevent arcing between plates. If arcing should occur between the plates of an oil-filled capacitor, the oil will tend to reseal the hole caused by the arcing. Such a capacitor is called a self-healing capacitor.
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Disadvantages: Large size Absorption moisture (increases power factor)



Applications: atmosphere



High Voltage and high discharge current circuits



High effective resistance at VHF (Very High Frequency)



Tuning and timing circuits PF(power factor) correction and Motor starter



from



b. Mica capacitor: Mica capacitors consists mica sheets separated by sheets of metal foil. Sevral varieties of mica are used in capacitors manufacturing. The most commonly used types are muscovite (a colorless or pale brown mica with potassium) and phlogopite (A brown form of mica consisting of hydrous silicate of potassium and magnesium and aluminum). Mica sheets without any imperfections are selected and stacked between metal foil sections as shown in fig below. Alternate metal sheets are connected together and brought out as one terminal for one set of plates, while the opposite terminal connects to the other set of plates. The entire unit is encased in a plastic insulating material. For the construction of mica capacitor for low power applications electrodes are formed by screening a silver paste on thin mica slices. The silvered mica is then suitably fired to obtain a permanent bond. The fired mica wafers can then be stacked and clamped together to obtain the desired capacitance. Advantages High stability Small leakage current High insulation resistance No dielectric absorption Good temperature and frequency characteristics response Good power factor Low value of capacitance is possible



Disadvantages: Low capacitance to volume ratio Proper sealing is required Applications Filtering, coupling, tuning and bypassing at HF and RF Tank capacitor in resonant circuits High voltage applications



Mica Foil Mica Foil Mica Foil



c. Ceramic capacitor Ceramic capacitor consists of a ceramic dielectric. It is made in many shapes and sizes. Following are the most popular types. Tubular Disc Monolithic ( not included in syllabus EC09 403) Barrier Layer( not included in syllabus EC09 403) A basic construction of these capacitors are shown in figure A ceramic capacitor is coated on two sides with a metal such as copper or silver, to act as the two plates. The leads are then attached through electrodes to the plates. An insulating coating of ceramic or plastic is then applied over the plates and dielectric. Tubular capacitor Tubular ceramic capacitors are made of class I dielectric (dielectric constant of 6 to 500). The dielectric material is first ground, mixed thoroughly, and then it is compressed and mixed with suitable fluxes and molded into tubes. The inner and outer side of the then coated silver. Leads are attached and soldered. Finally lacquer (A black resinous substance obtained from certain trees and used as a natural varnish) protection is given on the outer surface. Tubular ceramic capacitors are available with values ranging from 1 pf to 50 pf.
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Leads



Tube



Silvering



Tubular type ceramic capacitor



Disc type ceramic capacitor



Disc capacitor While manufacturing disc capacitors ceramic paste is made into discs of thin film by applying the paste on a glass plate. This is dried in an oven and a silver or platinum coating is applied over it to form electrodes. The sheet of film is cut into slices. Terminal leads are attached by pressure contact or soldering. The discs are then lacquered or encapsulated in plastic or phenolic molding. Disc capacitors are available with values from 47pf to 0.05mf. d. Electrolytic Capacitor Electrolytic Capacitors are generally used when very large capacitance values are required. Here instead of using a very thin metallic film layer for one of the electrodes, a semi-liquid electrolyte solution in the form of a jelly or paste is used which serves as the second electrode (usually the cathode). Electrolytic capacitors are manufactured by an electrochemical formation of an oxide film on a metal surface. The metal on which the oxide film is formed serves as the anode or positive terminal of the capacitor; the oxide film is the dielectric, and the cathode or negative terminal is either a conducting liquid or a gel. In this type of capacitor metals like aluminium, tantalum, vanadium, and bismuth, are used as to form anode and cathode foils. A thin layer of aluminium or tantalum oxide is electrochemically on the anode foil to act as dielectric for the capacitor The majority of electrolytic types of capacitors are Polarised, that is the DC voltage applied to the capacitor terminals must be of the correct polarity, i.e. positive to the positive terminal and negative to the negative terminal as an incorrect polarization will break down the insulating oxide layer and permanent damage may result. All polarised electrolytic capacitors have their polarity clearly marked with a negative sign to indicate the negative terminal and this polarity must be followed. Electrolytic capacitors provide high capacitance in a tolerable size; however, they do have drawbacks. Low temperatures reduce performance, while high temperatures dry them out. The electrolytes themselves can leak and corrode the equipment. Repeated surges above the rated working voltage, excessive ripple currents, and high operating temperature reduce performance and shorten capacitor life.  
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Leakage current is the direct current that passes through a capacitor when a correctly polarized dc voltage is applied to its terminals. It is proportional to temperature, becoming increasingly important at elevated ambient temperatures. Leakage currents decreases slowly after voltage is applied, reaching steady-state conditions in about 10 min. If a capacitor is connected with reverse polarity, the oxide film is forward-biased, offering very little resistance to current flow. This causes overheating and self-destruction of the capacitor. Electrolytic Capacitors are generally used in DC power supply circuits due to their large capacitances and small size to help reduce the ripple voltage or for coupling and decoupling applications. One main disadvantage of electrolytic capacitors is their relatively low voltage rating and due to the polarization of electrolytic capacitors, it follows then that they must not be used on AC supplies. Electrolytic's generally come in two basic forms; Aluminum Electrolytic Capacitors and Tantalum Electrolytic Capacitors. i. Aluminium Electrolytic Capacitors (Aluminum) anode



+ Solution (electrolyte) Wet/dry type Oxide layer (Al)dielectric



Al, container (cathode)



There are basically two types of Aluminium Electrolytic Capacitor, the plain foil type and the etched foil type. The thickness of the aluminium oxide film and high breakdown voltage give these capacitors very high capacitance values for their size. The foil plates of the capacitor are anodized with a DC current. This anodizing process sets up the polarity of the plate material and determines which side of the plate is positive and which side is negative. The etched foil type differs from the plain foil type in that the aluminium oxide on the anode and cathode foils has been chemically etched to increase its surface area and permittivity. This gives a smaller sized capacitor than a plain foil type of equivalent value but has the disadvantage of not being able to withstand high DC currents compared to the plain type. Also their tolerance range is quite large at up to 20%. Typical values of capacitance for an aluminium electrolytic capacitor range from 1uF up to 47,000uF. Etched foil electrolytic's are best used in coupling, DC blocking and by-pass circuits while plain foil types are better suited as smoothing capacitors in power supplies. But aluminium electrolytic's are "polarised" devices so reversing the applied voltage on the leads will cause the insulating layer within the capacitor to become destroyed along with the capacitor. However, the electrolyte used within the capacitor helps heal a damaged plate if the damage is small. Since the electrolyte has the properties to self-heal a damaged plate, it also has the ability to reanodize the foil plate. As the anodizing process can be reversed, the electrolyte has the ability to remove the oxide coating from the foil as would happen if the capacitor was connected with a reverse polarity. Since the electrolyte has the ability to conduct electricity, if the aluminum oxide layer was removed or destroyed, the capacitor would allow current to pass from one plate to the other destroying the capacitor, "so be aware". ii.



Tantalum Electrolytic Capacitors



Tantalum Electrolytic Capacitors and Tantalum Beads, are available in both wet (foil) and dry (solid) electrolytic types with the dry or solid tantalum being the most common. In dry (solid) type, the water contents are very less in the electrolyte. Solid tantalum capacitors use manganese dioxide as their second terminal and are physically smaller than the equivalent aluminium capacitors. The dielectric properties of tantalum oxide is also much better than those of aluminium oxide giving a lower leakage currents and better capacitance stability which makes them suitable for use in blocking, by-passing, decoupling, filtering and timing applications.  
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Also, Tantalum Capacitors although polarised, can tolerate being connected to a reverse voltage much more easily than the aluminium types but are rated at much lower working voltages. Solid tantalum capacitors are usually used in circuits where the AC voltage is small compared to the DC voltage. However, some tantalum capacitor types contain two capacitors in-one, connected negative-to-negative to form a "non-polarised" capacitor for use in low voltage AC circuits as a non-polarised device. Generally, the positive lead is identified on the capacitor body by a polarity mark, with the body of a tantalum bead capacitor being an oval geometrical shape. Typical values of capacitance range from 47nF to 470uF. Aluminium & Tantalum Electrolytic Capacitor-Comparison Electrolytic's are widely used capacitors due to their low cost and small size but there are three easy ways to destroy an electrolytic capacitor: Over-voltage - excessive voltage will cause current to leak through the dielectric resulting in a short circuit condition. Reversed Polarity - reverse voltage will cause self-destruction of the oxide layer and failure. Over Temperature - excessive heat dries out the electrolytic and shortens the life of an electrolytic capacitor. In the next tutorial about Capacitors, we will look at some of the main characteristics to show that there is more to the Capacitor than just voltage and capacitance.



Tantalum type electrolytic capacitor



Aluminium foil type electrolytic capacitor



2.5 Colour Coding of capacitors 2.5.1 Color coding of molded Mica capacitors A six dot color coding system shown in figure is generally used for mica capacitors. The first dot indicates the material of capacitor, i.e. white color for mica and silver for paper. The value of capacitor (in pf) is indicated by the 2, 3 and 4 dots. Dot 5 specifies tolerance, while dot 6 gives EIA (Electronic Industries Association) class. There are seven classes from A to G, specifying temperature coefficient, leakage resistance and additional factors.
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Colour codes for ceramic capacitor
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