UNIVERSITY OF TRINIDAD AND TOBAGO

PHYS 110U – Physics


6.0 Electronics  

·  Learning objectives


Rectification 

1) Describe how a semi-conductor diode can be used in half wave rectification

2) Differentiate between direct current from batteries and rectified alternating current by a consideration of the V – t graphs for both case

3) Describe a simple test to determine whether a semiconductor diode is defective


Logic Gates 


4) Recall the symbols for AND, OR, NOT, NAND, NOR logic gates

5) State the functions of each gate with the aid of truth tables

6) Analyse  circuits involving the combinations of not more than three logic gates

____________________________________________________________________

6.1 Semi-Conductor Diode   

A diode is an electrical device allowing current to move through it in one direction with far greater ease than in the other. The most common kind of diode in modern circuit design is the semiconductor diode, although other diode technologies exist. Semiconductor diodes are symbolized in schematic diagrams below. The term “diode” is customarily reserved for small signal devices, I ≤ 1 A. The term rectifier is used for power devices, I > 1 A. 


Semiconductor diode schematic symbol: Arrows indicate the direction of electron current flow.
When placed in a simple battery-lamp circuit, the diode will either allow or prevent current through the lamp, depending on the polarity of the applied voltage. 
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Diode operation: (a) Current flow is permitted; the diode is forward biased. (b) Current flow is prohibited; the diode is reversed biased.
Now we come to the most popular application of the diode: rectification. Simply defined, rectification is the conversion of alternating current (AC) to direct current (DC). This involves a device that only allows one-way flow of electrons. As we have seen, this is exactly what a semiconductor diode does. The simplest kind of rectifier circuit is the half-wave rectifier. It only allows one half of an AC waveform to pass through to the load.

[image: image2.png]



Half-wave rectifier circuit.
For most power applications, half-wave rectification is insufficient for the task. The harmonic content of the rectifier's output waveform is very large and consequently difficult to filter. Furthermore, the AC power source only supplies power to the load once every half-cycle, meaning that much of its capacity is unused. Half-wave rectification is, however, a very simple way to reduce power to a resistive load. Some two-position lamp dimmer switches apply full AC power to the lamp filament for “full” brightness and then half-wave rectify it for a lesser light output. Figure below 
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Half-wave rectifier application: Two level lamp dimmer.
In the “Dim” switch position, the incandescent lamp receives approximately one-half the power it would normally receive operating on full-wave AC. Because the half-wave rectified power pulses far more rapidly than the filament has time to heat up and cool down, the lamp does not blink. Instead, its filament merely operates at a lesser temperature than normal, providing less light output. This principle of “pulsing” power rapidly to a slow-responding load device to control the electrical power sent to it is common in the world of industrial electronics. Since the controlling device (the diode, in this case) is either fully conducting or fully nonconducting at any given time, it dissipates little heat energy while controlling load power, making this method of power control very energy-efficient. This circuit is perhaps the crudest possible method of pulsing power to a load, but it suffices as a proof-of-concept application. 

If we need to rectify AC power to obtain the full use of both half-cycles of the sine wave, a different rectifier circuit configuration must be used. Such a circuit is called a full-wave rectifier. One kind of full-wave rectifier, called the center-tap design, uses a transformer with a center-tapped secondary winding and two diodes, as in Figure below. 
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6.2 
Differentiate between direct current from batteries and rectified 
alternating current by a consideration of the V – t graphs for 
both case.
The output waveform may be observed in the waveform viewer.
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6.3 
Testing Diodes with an Ohmmeter
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Testing Diodes with an Ohmmeter A convenient test for a semiconductor diode requires only an ohmmeter. The back-and-forward resistance can be measured at a voltage determined by the battery potential of the ohmmeter and the resistance range at which the meter is set. When the test leads of the ohmmeter are connected to the diode, a resistance will be measured that is different from the resistance indicated if the leads are reversed. The smaller value is called the FORWARD RESISTANCE, and the larger value is called the BACK RESISTANCE. If the ratio of back-to-forward resistance is greater than 10 to 1, the diode should be capable of functioning as a rectifier. However, keep in mind that this is a very limited test that does not take into account the action of the diode at voltages of different magnitudes and frequencies. (NOTE: This test should never be used to test crystal mixer diodes in radars. It will destroy their sensitivity.)
6.4
Recall the symbols for AND, OR, NOT, NAND, NOR logic gates
Introduction

	Logic states

	 True 
	False

	1
	0

	High
	Low

	+Vs
	0V

	On
	Off


Logic gates process signals which represent true or false. Normally the positive supply voltage +Vs represents true and 0V represents false. Other terms which are used for the true and false states are shown in the table on the right. It is best to be familiar with them all. 

Gates are identified by their function: NOT, AND, NAND, OR, NOR, EX-OR and EX-NOR. Capital letters are normally used to make it clear that the term refers to a logic gate. 

Note that logic gates are not always required because simple logic functions can be performed with switches or diodes: 

· Switches in series (AND function) 

· Switches in parallel (OR function) 

· Combining IC outputs with diodes (OR function) 

5.5 Logic gate symbols

There are two series of symbols for logic gates: 

· The traditional symbols have distinctive shapes making them easy to recognise so they are widely used in industry and education. 
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· The IEC (International Electrotechnical Commission) symbols are rectangles with a symbol inside to show the gate function. They are rarely used despite their official status, but you may need to know them for an examination. 
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Inputs and outputs
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Gates have two or more inputs, except a NOT gate which has only one input. All gates have only one output. Usually the letters A, B, C and so on are used to label inputs, and Q is used to label the output. On this page the inputs are shown on the left and the output on the right.
 
The inverting circle (o)
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Some gate symbols have a circle on their output which means that their function includes inverting of the output. It is equivalent to feeding the output through a NOT gate. For example the NAND (Not AND) gate symbol shown on the left is the same as an AND gate symbol but with the addition of an inverting circle on the output. 


Truth tables

	Input A
	Input B
	Output Q

	0
	0
	0

	0
	1
	0

	1
	0
	0

	1
	1
	1


A truth table is a good way to show the function of a logic gate. It shows the output states for every possible combination of input states. The symbols 0 (false) and 1 (true) are usually used in truth tables. The example truth table on the right shows the inputs and output of an AND gate. 

There are summary truth tables below showing the output states for all types of 2-input and 3-input gates. These can be helpful if you are trying to select a suitable gate. 



NOT gate (inverter)

The output Q is true when the input A is NOT true, the output is the inverse of the input: Q = NOT A 
A NOT gate can only have one input. A NOT gate is also called an inverter. 
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	Input A
Output Q
0
1
1
0


	Traditional symbol
	IEC symbol
	Truth Table




AND gate

The output Q is true if input A AND input B are both true: Q = A AND B 
An AND gate can have two or more inputs, its output is true if all inputs are true. 
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	Input A
Input B
Output Q
0
0
0
0
1
0
1
0
0
1
1
1


	Traditional symbol
	IEC symbol
	Truth Table




NAND gate (NAND = Not AND)

This is an AND gate with the output inverted, as shown by the 'o' on the output. 
The output is true if input A AND input B are NOT both true: Q = NOT (A AND B) 
A NAND gate can have two or more inputs, its output is true if NOT all inputs are true. 
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	Input A
Input B
Output Q
0
0
1
0
1
1
1
0
1
1
1
0


	Traditional symbol
	IEC symbol
	Truth Table




OR gate

The output Q is true if input A OR input B is true (or both of them are true): Q = A OR B 
An OR gate can have two or more inputs, its output is true if at least one input is true. 
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	Input A
Input B
Output Q
0
0
0
0
1
1
1
0
1
1
1
1


	Traditional symbol
	IEC symbol
	Truth Table




NOR gate (NOR = Not OR)

This is an OR gate with the output inverted, as shown by the 'o' on the output. 
The output Q is true if NOT inputs A OR B are true: Q = NOT (A OR B) 
A NOR gate can have two or more inputs, its output is true if no inputs are true. 
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	Input A
Input B
Output Q
0
0
1
0
1
0
1
0
0
1
1
0


	Traditional symbol
	IEC symbol
	Truth Table




Summary truth tables

The summary truth tables below show the output states for all types of 2-input and 3-input gates. 

	Summary for all 2-input gates

	Inputs
	Output of each gate

	 A 
	 B 
	AND
	NAND
	 OR 
	NOR

	0
	0
	0
	1
	0
	1

	0
	1
	0
	1
	1
	0

	1
	0
	0
	1
	1
	0

	1
	1
	1
	0
	1
	0


	
	Summary for all 3-input gates
Inputs
Output of each gate
 A 
 B 
 C 
AND
NAND
 OR 
NOR
0
0
0
0
1
0
1
0
0
1
0
1
1
0
0
1
0
0
1
1
0
0
1
1
0
1
1
0
1
0
0
0
1
1
0
1
0
1
0
1
1
0
1
1
0
0
1
1
0
1
1
1
1
0
1
0


	
	




5.6 Combinations of logic gates
Logic gates can be combined to produce more complex functions. They can also be combined to substitute one type of gate for another. 

	Input A
	Input B
	Output Q

	0
	0
	0

	0
	1
	0

	1
	0
	1

	1
	1
	0


For example to produce an output Q which is true only when input A is true and input B is false, as shown in the truth table on the right, we can combine a NOT gate and an AND gate like this: 
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Q = A AND NOT B 

Working out the function of a combination of gates

Truth tables can be used to work out the function of a combination of gates. 

	Inputs
	Outputs

	 A 
	 B 
	 C 
	 D 
	 E 
	 Q 

	0
	0
	0
	1
	0
	1

	0
	0
	1
	1
	0
	1

	0
	1
	0
	0
	0
	0

	0
	1
	1
	0
	1
	1

	1
	0
	0
	0
	0
	0

	1
	0
	1
	0
	0
	0

	1
	1
	0
	0
	0
	0

	1
	1
	1
	0
	1
	1


For example the truth table on the right show the intermediate outputs D and E as well as the final output Q for the system shown below. 

[image: image24.png]w
Y





D = NOT (A OR B)
E = B AND C
Q = D OR E = (NOT (A OR B)) OR (B AND C) 



Substituting one type of gate for another

Logic gates are available on ICs which usually contain several gates of the same type, for example four 2-input NAND gates or three 3-input NAND gates. This can be wasteful if only a few gates are required unless they are all the same type. To avoid using too many ICs you can reduce the number of gate inputs or substitute one type of gate for another. 

Reducing the number of inputs
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The number of inputs to a gate can be reduced by connecting two (or more) inputs together. The diagram shows a 3-input AND gate operating as a 2-input AND gate. 

Making a NOT gate from a NAND or NOR gate
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Reducing a NAND or NOR gate to just one input creates a NOT gate. The diagram shows this for a 2-input NAND gate. 

Any gate can be built from NAND or NOR gates

As well as making a NOT gate, NAND or NOR gates can be combined to create any type of gate! This enables a circuit to be built from just one type of gate, either NAND or NOR. For example an AND gate is a NAND gate then a NOT gate (to undo the inverting function). Note that AND and OR gates cannot be used to create other gates because they lack the inverting (NOT) function. 

To change the type of gate, such as changing OR to AND, you must do three things: 

· Invert (NOT) each input. 

· Change the gate type (OR to AND, or AND to OR) 

· Invert (NOT) the output. 

For example an OR gate can be built from NOTed inputs fed into a NAND (AND + NOT) gate. 

NAND gate equivalents

The table below shows the NAND gate equivalents of NOT, AND, OR and NOR gates: 

	Gate
	Equivalent in NAND gates

	NOT
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	AND
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	OR
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	NOR
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Substituting gates in an example [image: image38.png]w
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logic system

The original system has 3 different gates: NOR, AND and OR. This requires three ICs (one for each type of gate). 
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To re-design this system using NAND gates only begin by replacing each gate with its NAND gate equivalent, as shown in the diagram below. 
Then simplify the system by deleting adjacent pairs of NOT gates (marked X above). This can be done because the second NOT gate cancels the action of the first. 
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The final system is shown on the right. It has five NAND gates and requires two ICs (with four gates on each IC). This is better than the original system which required three ICs (one for each type of gate). 

Substituting NAND (or NOR) gates does not always increase the number of gates, but when it does (as in this example) the increase is usually only one or two gates. The real benefit is reducing the number of ICs required by using just one type of gate. 
________________________________________________________________________
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