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Rectifying Diodes

The principal early application of diodes was in rectifying 50 / 60 Hz AC mains to raw DC which was later smoothed by choke transformers and / or capacitors. This procedure is still carried out today and a number of rectifying schemes for diodes have evolved, half wave, full wave and bridge rectifiers. 
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Figure 2 - rectifying diodes
As examples in these applications the half wave rectifier passes only the positive half of successive cycles to the output filter through D1. During the negative part of the cycle D1 does not conduct and no current flows to the load. In the full wave application it essentially is two half wave rectifiers combined and because the transformer secondary is centre tapped, D1 conducts on the positive half of the cycle while D2 conducts on the negative part of the cycle. Both add together. This is more efficient. The full wave bridge rectifier operates essentially the same as the full wave rectifier but does not require a centre tapped transformer. Further discussion may be seen on the topic power supplies.

A further application of rectifying diodes is in the conversion or detection of rf modulated signals to audio frequencies. Typical examples are am modulated signals being detected and early detection schemes for fm also used diodes for detecting modulation.

Half-wave rectification
In half wave rectification, either the positive or negative half of the AC wave is passed, while the other half is blocked. Because only one half of the input waveform reaches the output, it is very inefficient if used for power transfer. Half-wave rectification can be achieved with a single diode in a one-phase supply, or with three diodes in a three-phase supply.





The output DC voltage of a half wave rectifier can be calculated with the following two ideal equations.
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The Full-wave Rectifier

In the previous Power Diodes tutorial we discussed ways of reducing the ripple or voltage variations on a direct DC voltage by connecting capacitors across the load resistance. While this method may be suitable for low power applications it is unsuitable to applications which need a "steady and smooth" DC supply voltage. One method to improve on this is to use every half-cycle of the input voltage instead of every other half-cycle. The circuit which allows us to do this is called a Full-wave Rectifier.

In a Full-wave rectifier circuit two diodes are now used, together with a transformer whose secondary winding is split equally into two and has a common centre tapped connection, (C). Now each diode conducts in turn when its Anode terminal is positive with respect to the centre point C as shown below.

Full-wave Rectifier Circuit
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The circuit consists of two Half-wave rectifiers connected to a single load resistance with each diode taking it in turn to supply current to the load. When point A is positive with respect to point B, diode D1conducts in the forward direction as indicated by the arrows. When point B is positive (in the negative half of the cycle) with respect to point A, diode D2 conducts in the forward direction and the current flowing through resistor R is in the same direction for both circuits. As the output voltage across the resistor R is the sum of the two waveforms, this type of circuit is also known as a "bi-phase" circuit.

As the spaces between each half-wave developed by each diode is now being filled in by the other diode the average DC output voltage across the load resistor is now double that of the single half-wave rectifier circuit and is about 0.637Vmax of the peak voltage, assuming no losses.
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The peak voltage of the output waveform is the same as before for the half-wave rectifier provided each half of the transformer windings have the same rms voltage value. To obtain a different d.c. voltage output different transformer ratios can be used, but one main disadvantage of this type of rectifier is that having a larger transformer for a given power output with two separate windings makes this type of circuit costly compared to a "Bridge Rectifier" circuit equivalent.

The Bridge Rectifier

Another type of circuit that produces the same output as a full-wave rectifier is that of the Bridge Rectifier. This type of single phase rectifier uses 4 individual rectifying diodes connected in a "bridged" configuration to produce the desired output but does not require a special centre tapped transformer, thereby reducing its size and cost. The single secondary winding is connected to one side of the diode bridge network and the load to the other side as shown below.

The Diode Bridge Rectifier
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The 4 diodes labelled D1 to D4 are arranged in "series pairs" with only two diodes conducting current during each half cycle. During the positive half cycle of the supply, diodes D1 and D2 conduct in series while diodes D3 and D4 are reverse biased and the current flows through the load as shown below.

The Positive Half-cycle
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During the negative half cycle of the supply, diodes D3 and D4 conduct in series, but diodes D1 and D2 switch of as they are now reverse biased. The current flowing through the load is the same direction as before.

The Negative Half-cycle
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As the current flowing through the load is unidirectional, so the voltage developed across the load is also unidirectional the same as for the previous two diode full-wave rectifier, therefore the average DC voltage across the load is 0.637Vmax and the ripple frequency is now twice the supply frequency (e.g. 100Hz for a 50Hz supply).

The Smoothing Capacitor

We saw in the previous section that the single phase half-wave rectifier produces an output wave every half cycle and that it was not practical to use this type of circuit to produce a steady DC supply. The full-wave bridge rectifier however, gives us a greater mean DC value (0.637 Vmax) with less superimposed ripple while the output waveform is twice that of the frequency of the input supply frequency. We can therefore increase its average DC output level even higher by connecting a suitable smoothing capacitor across the output of the bridge circuit as shown below.

Full-wave Rectifier with Smoothing Capacitor
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The smoothing capacitor converts the full-wave rippled output of the rectifier into a smooth DC output voltage. Two important parameters to consider when choosing a suitable a capacitor are top of the DC voltage. Too low a value and the capacitor has little effect. As a general rule of thumb, we are looking to have a ripple voltage of less than 100mV peak to peak.

The main advantages of a full-wave bridge rectifier is that it has a smaller AC ripple value for a given load and a smaller reservoir or smoothing capacitor than an equivalent half-wave rectifier. Therefore, the fundamental frequency of the ripple voltage is twice that of the AC supply frequency (100Hz) where for the half-wave rectifier it is exactly equal to the supply frequency (50Hz). The amount of ripple voltage that is superimposed on top of the DC supply voltage by the diodes can be virtually eliminated by adding a much improved π-filter (pi-filter) to the output terminals of the bridge rectifier. This type of low-pass filter consists of two smoothing capacitors, usually of the same value and a choke or inductance across them to introduce a high impedance path to the alternating ripple component. Another more practical and cheaper alternative is to use a 3-terminal voltage regulator IC, such as a LM7805 which can reduce the ripple by more than 70dB (Datasheet) while delivering over 1amp of output current.its Working Voltage, which must be higher than the no-load output value of the rectifier and its Capacitance Value, which determines the amount of ripple that will appear superimposed on 

Voltage Regulating Diodes

For relatively light current loads zener diodes are a cheap solution to voltage regulation. Zener diodes work on the principle of essentially a constant voltage drop at a predetermined voltage (determined during manufacture). An example is a Philips BZX79C12 type with a regulation range between 11.4V and 12.7V but typically 12V and a total power dissipation of 500 mW in a DO-35 package. The dissipation can be extended by using a series pass transistor, see power supplies. Notice in figure 3 there is a resistor to miminmise current drawn but mainly as an aid to dropping the supply voltage and reducing the burden on the zener diodes. 
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Figure 3 - zener voltage regulation diodes
Diodes as frequency multipliers

Just one more example of the versatility of diodes is the frequency doubling circuit depicted in Figure 4. Now if that looks a lot like the full wave rectifier from figure 2 above you would be correct. That is why the ripple frequency for 50 / 60 Hz always comes out at 100 / 120 Hz. 
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Figure 4 - diodes as frequency multipliers

Here the input is a wide band transformer and the signal passes to a full wave rectifier comprising two 1N914 diodes. The DC component caused by the rectification passes to ground through RFC which of course presents a high impedance to the rf portion of the signal but essentially a short circuit for DC. The original signal should be down about 40 dB and with this type of circuit there would be a loss of somewhere around 7.5 dB so the 2 X signal would require further amplification to restore that loss.

Diodes as mixers

With some subtle re-arrangement to figure 4 we can get the circuit to function as a two diode frequency mixer. Note that there are other diode arrangements as well in this application. See mixers. 
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Figure 5 - diodes as frequency mixers

The diodes here act as switches and it can be mathematically shown that only the sum and difference signals will result. For example, if F1 was 5 Mhz and F2 was 3 Mhz then the sum and difference signals from the diodes would be 8 Mhz and 2 Mhz. None of the original signals appear at the output and this is a most important property of using diodes as mixers.

It should be noted that although 1N914 diodes are depicted you would normally use hot carrier diodes in any serious application and the diodes need to be well matched.

Applications of switching Diodes

Similar types of diodes have been developed specifically for band switching purposes. Although a typical 1N914 type switching diode can be used for such purposes it is preferable to use diodes which have been optimised for such purposes because the Rd on is much lower. This means the diode resistance Rd can have a serious affect on rf circuits in particular the "Q" of a tuned circuit. One example of a low Rd device is the Philips BA482 diode used for band switching in television tuners. It has a typical Rd of 0.4 ohms at a forward current of 10 mA.

In figure 5 we have one application where switching diodes operate. All diodes serve to switch in or out capacitors in the diagram which is presented here just to illustrate one single application of switching diodes, many, many more applications exist. Again the limit is your imagination. 
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Figure 6 - applications of switching diodes

The switching diodes in figure 4 switch in or out successively higher values of capacitors as each control select line is "grounded". The voltage from the +5V feed line proceeds through the diode at DC thus opening the diode and making it appear "transparent" for rf purposes. The capacitor with the value attached is then "switched" into circuit. Other components marked RFC and Cbp are chokes and bypass capacitors for "clean" switching. The bypass capacitors and choke values would be determined by the frequency of operation.

We could just have easily have switched inductors instead of capacitors. Note why Rd is quite important on overall circuit performance. If we were using inductors the diode resistance Rd would have a significant affect on inductor "Q" which in turn would affect filter performance, if it was in fact an LC filter application.

Switching Diodes in Logic Circuits

If you you completed the tutorial on digital basics you should be aware of binary numbers. There are a whole range of digital building blocks available and just by way of one illustration of using diodes we have presented the 74HC4040 twelve stage binary ripple counter (there are others with varying number of stages).

In the schematic of figure 7 we have this counter which divides by successive division of two for twelve stages. Initially because there is no voltage drop across the resistor a high appears on all anodes as well as on pin 4 the master reset causing the counter to reset forcing all outputs low and in turn a voltage drop across each diode and across the resistor and a low on reset.

Progressively each of the outputs change from low to high for a certain period of time and without unduly complicating matters when all outputs as selected by our diode combination (in this particular case 1 + 2 + 32 + 64 = 99) are simultaneously high the voltage drop across the resistor will cease and cause pin 11 (reset which was formerly low) to go high and reset all the internal ripple counters. 
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Figure 7 - applications of switching diodes in digital logic circuits

At the same time pin 4 changes state also with reset. It can been shown this happens once every 99 periods. Simply by placing diodes on the right outputs we can select to divide by any number up to 4095 using this particular counter.

Zener Diodes
In the previous Signal Diode tutorial we saw that a "reverse biased" diode passes very little current but will suffer breakdown or damage if the reverse voltage applied across it is made to high. However, Zener Diodes or "Breakdown Diodes" as they are sometimes called, are basically the same as the standard junction diode but are specially made to have a low pre-determined Reverse Breakdown Voltage, called the "Zener Voltage" (Vz). In the forward direction it behaves just like a normal signal diode passing current, but when the reverse voltage applied to it exceeds the selected reverse breakdown voltage a process called Avalanche Breakdown occurs in the depletion layer and the current through the diode increases to the maximum circuit value, which is usually limited by a series resistor. The point at which current flows can be very accurately controlled (to less than 1% tolerance) in the doping stage of the diodes construction giving it a specific Zener Breakdown voltage (Vz) ranging from a few volts up to a few hundred volts.

Zener Diode I-V Characteristics
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Zener Diodes are used in the "REVERSE" bias mode, i.e. the anode connects to the negative supply, and from its I-V characteristics curve above, we can see that the Zener diode has a region in its reverse bias characteristics of almost a constant voltage regardless of the current flowing through the diode. This voltage across the diode (it's Zener Voltage, Vz) remains nearly constant even with large changes in current through the diode caused by variations in the supply voltage or load. This ability to control itself can be used to great effect to regulate or stabilise a voltage source against supply or load variations. The diode will continue to regulate until the diode current falls below the minimum Iz value in the reverse breakdown region.

The Zener Regulator

Zener Diodes can be used to produce a stabilised voltage output by passing a small current through it from a voltage source via a suitable current limiting resistor, (RS). We remember from the previous tutorials that the DC output voltage from the half or full-wave rectifiers contains ripple superimposed onto the DC voltage and that as the load value changes so to does the average output voltage. By connecting a simple Zener stabiliser circuit as shown below across the output of the rectifier a more stable reference voltage can be produced.

Zener Diode Stabiliser
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The resistor, RS is connected in series with the Zener diode to limit the current flow with the output from the voltage source, VS being connected across the combination while the stabilised output voltage Voutis taken from across the Zener diode. The Zener diode is connected with its Cathode terminal connected to the positive rail of the DC supply so it is reverse biased and will be operating in its breakdown condition. Resistor RS is selected so to limit the maximum current flowing in the circuit. When no load resistance, RLis connected to the circuit, no load current (IL = 0), is drawn and all the circuit current passes through the Zener diode which dissipates its maximum power. Care must be taken when selecting the appropriate value of resistance that the Zener maximum power rating is not exceeded under this "no-load" condition.

There is a minimum Zener current for which the stabilization of the voltage is effective and the Zener current must stay above this value operating within its breakdown region at all times. The upper limit of current is of course dependant upon the power rating of the device.

Example No1.

	A 5.0v stabilised power supply is required from a 12v d.c. input source. The maximum power rating of the Zener diode is 2W. Using the circuit above calculate:

	
a) The maximum current flowing in the Zener Diode.
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b) The value of the series resistor, RS
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c) The load current IL if a load resistor of 1kΩ is connected across the Zener diode.
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d) The total supply current IS
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Zener Values

As well as producing a single stabilised voltage output, Zener diodes can also be joined together in series along with normal silicon signal diodes to produce a variety of different reference voltage values as shown below.

Zener Diodes Connected in Series
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The values of the individual Zener diodes can be chosen to suit the application while the silicon diode drops about 0.7v in the forward bias condition. The supply voltage, Vin must of course be higher than the largest output reference voltage and in our example above this is 19v.

A typical Zener diode is the 500mW BZX55 series or the larger 1.3W BZX85 series were the Zener voltage is given as for example, C7V5 for a 7.5V device giving a diode reference of BZX55C7V5. The individual voltage values for these small but very useful diodes are given in the table below.

	  BZX55 Zener Diode Power Rating 500mW

	2.4V
	2.7V
	3.0V
	3.3V
	3.6V
	3.9V
	4.3V
	4.7V

	5.1V
	5.6V
	6.2V
	6.8V
	7.5V
	8.2V
	9.1V
	10V

	11V
	12V
	13V
	15V
	16V
	18V
	20V
	22V

	24V
	27V
	30V
	33V
	36V
	39V
	43V
	47V

	  BZX85 Zener Diode Power Rating 1.3W

	3.3V
	3.6V
	3.9V
	4.3V
	4.7V
	5.1V
	5.6
	6.2V

	6.8V
	7.5V
	8.2V
	9.1V
	10V
	11V
	12V
	13V

	15V
	16V
	18V
	20V
	22V
	24V
	27V
	30V

	33V
	36V
	39V
	43V
	47V
	51V
	56V
	62V


Light Emitting Diodes

Light-Emitting-Diodes or LED's

Many circuits use a led as a visual indicator of some sort even if only as an indicator of power supply being turned on. A sample calculation of the dropping resistor is included in figure 8. 
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Figure 8 - connecting light emitting diodes (LED's) to supply

Most leds operate at 1.7V although this is not always the case and it is wise to check. The dropping resistor is simply the net of supply voltage minus the 1.7V led voltage then divided by the led brightness current expressed as "amps" (ohms law). Note the orientation of both cathode and anode with respect to the ground end and the supply end. Usually with a led the longer lead is the anode.

Light Emitting Diodes or LED´s, are among the most widely used of all the types of diodes available. They are the most visible type of diode, that emits a fairly narrow bandwidth of either visible coloured light, invisible infra-red or laser type light when a forward current is passed through them. A "Light Emitting Diode" or LED as it is more commonly called, is basically just a specialised type of PN-junction diode, made from a very thin layer of fairly heavily doped semiconductor material. When the diode is Forward Biased, electrons from the semiconductors conduction band combine with holes from the valence band, releasing sufficient energy to produce photons of light. Because of this thin layer a reasonable number of these photons can leave the junction and radiate away producing a coloured light output.

	Unlike normal diodes which are made for detection or power rectification, and which are generally made from either Germanium or Silicon semiconductor material, Light Emitting Diodes are made from compound type semiconductor materials such as Gallium Arsenide (GaAs), Gallium Phosphide (GaP), Gallium Arsenide Phosphide (GaAsP), Silicon Carbide (SiC) or Gallium Indium Nitride (GaInN). The exact choice of the semiconductor material used will determine the overall wavelength of the photon light emissions and therefore the resulting colour of the light emitted, as in the case of the visible light coloured LEDs, (RED, AMBER, GREEN etc)
	   
	Typical LED Characteristics

Semiconductor
Material

Wavelength

Colour

VF @ 20mA

GaAs

850-940nm

Infra-Red

1.2v

GaAsP

630-660nm

Red

1.8v

GaAsP

605-620nm

Amber

2.0v

GaAsP:N

585-595nm

Yellow

2.2v

GaP

550-570nm

Green

3.5v

SiC

430-505nm

Blue

3.6v

GaInN

450nm

White

4.0v



	
	


From the table above we can see that the main P-type dopant used in the manufacture of Light Emitting Diodes is Gallium(Ga, atomic number 31) and the main N-type dopant used is Arsenic (As, atomic number 31) giving the resulting Gallium Arsenide (GaAs) crystal structure, which has the characteristics of radiating significant amounts of infrared radiation from its junction when a forward current is flowing through it. By also adding Phosphorus (P, atomic number 15), as a third dopant the overall wavelength of the emitted radiation is reduced to give visible red light to the human eye. Further refinements in the doping process of the PN-junction have resulted in a range of colours available from red, orange and amber through to yellow, and the recently developed blue LED which is achieved by injecting nitrogen atoms into the crystal structure during the doping process.

Light Emitting Diodes I-V Characteristics.
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Light Emitting Diode (LED) Schematic symbol and its I-V Characteristics Curves showing the different colours available.


Before a light emitting diode can "emit" any form of light it needs a current to flow through it, as it is a current dependant device. As the LED is to be connected in a forward bias condition across a power supply it should be Current Limited using a series resistor to protect it from excessive current flow. From the table above we can see that each LED has its own forward voltage drop across the PN-junction and this parameter which is determined by the semiconductor material used is the forward voltage drop for a given amount of forward conduction current, typically for a forward current of 20mA. In most cases LEDs are operated from a low voltage DC supply, with a series resistor to limit the forward current to a suitable value from say 5mA for a simple LED indicator to 30mA or more where a high brightness light output is needed.

LED Series Resistance.

The series resistor value RS is calculated by simply using Ohm´s Law, knowing the required forward current IF, the supply voltage VS and the expected forward voltage drop of the LED, VF at this current level as shown below.

LED Series Resistor Circuit
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Example No1.

An amber coloured LED is to be connected to a 5.0v stabilized power supply. Using the circuit above calculate the series resistor required to limit the forward current to less than 10mA.
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We remember from the Resistors tutorials, that resistors come in standard preferred values. Our calculation shows to limit the current flowing through the LED to 10mA exactly, we would require a 300Ωresistor. In the E12 series of resistors there is no 300Ω resistor so we would need to choose the next highest value, which is 330Ω. A quick re-calculation shows the new forward current value is now 9.1mA, and this is ok.

The brightness of a LED cannot be controlled by simply varying the current flowing through it. Allowing more current to flow through the LED will make it glow brighter but will also cause it to dissipate more heat. LEDs are designed to produce a set amount of light operating with a forward current of about 10 to 20mA. In situations where power savings are important, less current may be possible. However, reducing the current to below say 5mA may dim its light output to much or even turn the LED "OFF" completely. A much better way to control the brightness of LEDs is to use a control process known as "Pulse Width Modulation" or PWM, in which the LED is turned "ON" and "OFF" continuously at varying frequencies depending upon the required light intensity.

When higher light output is required, a pulsed current with a fairly short duty cycle ("ON-OFF" Ratio) allows the current and therefore the light output to be increased significantly during the actual pulses, while still keeping the LEDs average current level and power dissipation within its limits. The human eyes fills in the gaps between the "ON" and "OFF" light pulses, providing the pulse frequency is high enough, making it appear as a continuous light output. So pulses at a frequency of 100Hz or more actually appear brighter to the eye than continuous light of the same average intensity.

Multi-LEDs

LEDs are available in a wide range of shapes, colours and various sizes with different light output intensities available, with the most common (and cheapest to produce) being the standard 5mm Red LED. LED's are also available in various "packages" arranged to produce both letters and numbers with the most common being that of a "Seven-Segment Display" arrangement. Nowadays, full colour flat screen LED displays are available with a large number of dedicated I.C.s available for driving the displays directly.

Most LEDs produce a single output colour however, multi-colour LEDs are now available that can produce a variety of colours within a single device. These are actually 2 LEDs fabricated within a single package as shown below.

A Bi-colour LED
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	LED
Selected

Terminal A

AC

+

-

LED 1

ON

OFF

ON

LED 2

OFF

ON

ON

Colour

Green

Red

Yellow




Here the LEDs are connected in "inverse parallel", so that the colour red is emitted when the device is connected in one direction and the colour green is emitted when it is biased in the other direction. This type of arrangement is useful for giving polarity indication, for example correct connection of batteries, power supplies etc. Also, both LEDs would take it in turn to light if the device was connected (via suitable resistor) to a low voltage, low frequency AC supply.

A Multi or Tri-colour LED
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	Output
Colour

Red

Orange

Yellow

Green

LED 1
Current

0

5mA

9.5mA

15mA

LED 2
Current

10mA

6.5mA

3.5mA

0



	


This multicoloured LED comprises of a single Red and Green LED with the cathode terminals connected together. This device gives out a Red or a Green colour by turning "ON" only one LED at a time. It can also generate additional shades of colours such as Orange or Yellow by turning "ON" the two LEDs in different ratios of forward current as shown in the table thereby generating 4 different colours from just two diode junctions.

LED Displays

As well as individual colour or multi-colour LEDs, light emitting diodes can be combined together in a single package to produce displays such as bargraphs, strips, arrays and 7-segment displays. A 7-segment LED display provides a very convenient way of displaying information or digital data in the form of Numbers, Letters or even Alpha-numerical characters and as their name suggests, they consist of 7 individual LEDs (the segments), within one single display package. In order to produce the required numbers or characters from 0 to 9 and A to F respectively, on the display the correct combination of LED segments need to be illuminated. A standard 7-segment LED display generally has 8 input connections, one for each LED segment and one that acts as a common terminal or connection for all the internal segments.

There are two important types of 7-segment LED digital display.

	The Common Cathode Display (CCD)

In the common cathode display, all the cathode connections of the LEDs are joined together and the individual segments are illuminated by application of a HIGH, logic "1" signal.

The Common Anode Display (CAD)

In the common anode display, all the anode connections of the LEDs are joined together and the individual segments are illuminated by connecting the terminals to a LOW, logic "0" signal.


Typical 7-segment Display
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Laser diodes 
A laser diode is a laser where the active medium is asemiconductor similar to that found in a light-emitting diode. The most common and practical type of laser diode is formed from ap-n junction and powered by injected electric current. These devices are sometimes referred to as injection laser diodes to distinguish them from (optically) pumped laser diodes, which are more easily manufactured in the laboratory.
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A packaged laser diode with penny for scale.
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Image of the actual laser diode chip (shown on the eye of a needle for scale) contained within the package shown in the above image.
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Diagram (not to scale) of a simple laser diode (note that this diagram complements the laser diode shown above.
The difference between the photon-emitting semiconductor laser (or LED) and conventional phonon-emitting (non-light-emitting) semiconductor junction diodes lies in the use of a different type of semiconductor, one whose physical and atomic structure confers the possibility for photon emission. These photon-emitting semiconductors are the so-called "direct bandgap" semiconductors. The properties of silicon and germanium, which are single-element semiconductors, have bandgaps that do not align in the way needed to allow photon emission and are not considered "direct." Other materials, the so-called compound semiconductors, have virtually identical crystalline structures as silicon or germanium but use alternating arrangements of two different atomic species in a checkerboard-like pattern to break the symmetry. The transition between the materials in the alternating pattern creates the critical "direct bandgap" property. Gallium arsenide, indium phosphide,gallium antimonide, and gallium nitride are all examples of compound semiconductor materials that can be used to create junction diodes that emit light.
Additional materials

Power Diodes and Rectifiers

The Power Diode

In the previous tutorials we saw that a diode will only conduct current in one direction (from Anode to Cathode) but not in the reverse direction acting a bit like a one way valve. A widely used application of this feature is in the conversion of alternating voltages (AC) to direct voltages (DC), in other words, Rectification, especially used in power supply applications. Small signal diodes can be used as rectifiers in low-power, low current rectifiers or applications but were larger currents and higher voltages are involved the PN-junction of a signal diode would melt so larger Power Diodes are used instead.

Power Diodes have much larger PN-junctions resulting in a high forward current capability, typically up to several hundred amps. Since the power diode has a large PN-junction, it is not suitable for high frequency applications but special and expensive high frequency, high current diodes are available. Power diodes are designed to have a forward "ON" resistance of fractions of an ohm while their reverse blocking resistance is in the megaohms range. They are mainly used in power conversion, such as power supplies, rectifiers and inverters. Some of the larger value diodes are designed to be "stud mounted" onto heatsinks reducing their thermal resistance to between 0.1 to 1oC/Watt.
Power diodes can be used individually or connected together to produce a variety of rectifier circuits such as "Half-Wave", "Full-Wave" or as "Bridge Rectifiers". The most commonly used individual power diode for basic electronics applications is the general purpose 1N400X Series Glass Passivated type rectifying diode with standard ratings of forward current from 1amp and reverse voltage ratings from 50v (1N4001) up to 1000v (1N4007) with the small 1N4007GP being the most popular.

Half-wave Rectification

A rectifier is a circuit which converts Alternating Current (AC) into a Direct Current (DC) form and the simplest of all the rectifier circuits is that of the Half-Wave Rectifier. A half-wave rectifier circuit uses just one half of each complete sine wave or cycle of the AC supply in order to convert it to a DC supply. Then this type of circuit is called a "half-wave" rectifier because it passes only half of the incoming AC power signal as shown below.

Half-wave Rectifier Circuit

	[image: image33.png]AC Input Waveform







During each "positive" half cycle of the AC sine wave, the diode is Forward Biased (Anode is positive with respect to the Cathode) and current flows through it. Since the DC load is resistive (resistor R), the current flowing in the load resistor is therefore proportional to the voltage (Ohm´s Law), and the voltage across the load resistor is the same as the supply voltage, Vs (minus Vf), that is the "DC" voltage across the load is sinusoidal for the first half cycle only. Then Vout = Vs.

During each "negative" half cycle of the AC sine wave, the diode is Reverse Biased (Anode is negative with respect to the Cathode) and No current flows through it. Therefore, in the negative half cycle of the supply, no current flows in the load resistor as no voltage appears across it. Then Vout = 0.

The current on the DC side of the circuit flows in one direction only making the circuit Unidirectional and the value of the DC voltage VDC across the load resistor is calculated as follows.

	
[image: image34.png]= 0457






Where Vmax is the maximum voltage value of the AC supply, and VS is the r.m.s. value of the supply.

Example No1.

Calculate the current (IDC) flowing through a 100Ω resistor connected to a 240v single phase half-wave rectifier as shown above, and also the power consumed by the load.
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As the voltage across the load resistor is only present during the positive half of the cycle, the resultant voltage is "ON" and "OFF" during every cycle resulting in a low average DC value. This variation on the rectified waveform is called "Ripple" and is an undesirable feature. The resultant DC ripple has a frequency that is equal to that of the AC supply frequency. Very often when rectifying an alternating voltage we wish to produce a "steady" direct voltage free from any voltage variations or ripple. One way of doing this is to connect a Capacitor across the output voltage terminals in parallel with the load resistor as shown below. This type of capacitor is known commonly as a "Reservoir" or Smoothing Capacitor.

Half-wave Rectifier with Smoothing Capacitor
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When rectification is used to provide a direct voltage power supply from an alternating source, the amount of ripple can be reduced by using larger value capacitors but there are limits both on cost and size. For a given capacitor value, a greater load current (smaller load resistor) will discharge the capacitor more quickly (RC Time Constant) and so increases the ripple obtained. Then for single phase, half-wave rectifier circuits it is not very practical to try and reduce the ripple voltage by capacitor smoothing alone so it is more practical to use "Full-wave Rectification" instead as discussed in the next tutorial.
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