


Physics Logic Gates SLO # 16.8

Analog vs. Digital signals
An Analog signal is any continuous signal for which the time varying feature (variable) of the signal is a representation of some other time varying quantity, i.e., analogous to another time varying signal. It differs from a digital signal in terms of small fluctuations in the signal which are meaningful. 
A digital signal uses discrete (discontinuous) values. By contrast, non-digital (or analog) systems use a continuous range of values to represent information. Although digital representations are discrete, the information represented can be either discrete, such as numbers or letters, or continuous, such as sounds, images, and other measurements of continuous systems. 
Analog and digital signals are used to transmit information, usually through electric signals. In both these technologies, the information, such as any audio or video, is transformed into electric signals. The difference between analog and digital technologies is that in analog technology, information is translated into electric pulses of varying amplitude. In digital technology, translation of information is into binary format (zero or one) where each bit is representative of two distinct amplitudes.
Logic gate:	A logic gate is an elementary building block of a digital circuit. Most logic gates have two inputs and one output. At any given moment, every terminal is in one of the two binary conditions low (0) or high (1), represented by different voltage levels. 
The logic state of a terminal can, and generally does, change often, as the circuit processes data. In most logic gates, the low state is approximately zero volts (0 V), while the high state is approximately five volts positive (+5 V).
There are seven basic logic gates: AND, OR, XOR, NOT, NAND, NOR, and XNOR.
AND gate:	The AND gate is so named because, if 0 is called "false" and 1 is called "true," the gate acts in the same way as the logical "and" operator. The following illustration and table show the circuit symbol and logic combinations for an AND gate. 
In the symbol, the input terminals are at left and the output terminal is at right. The output is "true" when both inputs are "true." Otherwise, the output is "false."
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[bookmark: or] USES 
It can be very easily visualized that this type of gate can be compared to a small light bulb connected to a source of emf through a number of on-off switches. The number of switches represents the number of inputs of the AND gate while the lighting of the lamp bulb indicates the output as 1 or True. In such a circuit even if one of the switches is in the OFF position the lamp will not glow but it will only glow if all switches are in ON position.
OR gate:	The OR gate gets its name from the fact that it behaves after the fashion of the logical inclusive "or." The output is "true" if either or both of the inputs are "true." If both inputs are "false," then the output is "false."
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NOT gate:   	A logical inverter sometimes called a NOT gate to differentiate it from other types of electronic inverter devices, has only one input. It reverses the logic state.
 
[image: http://whatis.techtarget.com/images/not.gif]
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Explanation:
A NOT gate is a special type of gate in that it has only one input and only one output. It is also known as the name of an inverter because it inverts or reverses the input. This simply means that if the input is False, the output is True and vice versa. It is used in conjunction with other gates to negate or reverse their output when so required and in such cases, those gates whose output has been negated are also known as bubbled gates. The symbol and truth table of the NOT gate is as follows.
NANAD gate:  	The NAND gate operates as an AND gate followed by a NOT gate. It acts in the manner of the logical operation "and" followed by negation. The output is "false" if both inputs are "true." Otherwise, the output is "true."
[image: /WhatIs/images/nand.gif  (240 bytes)]
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A Simple Application:
The application discussed here is that of a door closing system of an automobile. A car needs to be so designed that the driver gets a visual indication if any of the doors of the car is open so that it helps to avoid accident and injury to the passengers. Assuming there are two doors (just for simplicity, it works for more doors as well) where this system is fitted, the circuit can be designed using a NAND gate as follows
You can see from the figure that when any of the switches is open due to the door position, the NAND gate energies the lamp inside the car, hence warning the driver.
A Car Door Open Warning System using a NAND Gate:
[image: ]
NOR gate:	The NOR gate is a combination OR gate followed by an inverter. Its output is "true" if both inputs are "false." Otherwise, the output is "false."
[image: /WhatIs/images/nor.gif (237 bytes)]
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Logic gate symbols:
There are two series of symbols for logic gates: 
· The traditional symbols have distinctive shapes making them easy to recognize so they are widely used in industry and education. 

	[image: AND gate]
	[image: NOR gate]
	[image: NOT gate]


· The IEC (International Electro technical 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. 
· 
	[image: AND gate]
	[image: NOR gate]
	[image: NOT gate]


Inputs and outputs:
[image: AND gate with inputs and output labelled]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):
[bookmark: truthtables][image: NAND gate showing inverting circle]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 right 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. 
Switches in Series:
If several on-off switches are connected in series they must all be closed (on) to complete the circuit. 
The diagram shows a simple circuit with two switches connected in series to control a lamp. 
Switch S1 AND Switch S2 must be closed to light the lamp. 

[image: ]
[image: ]

Switches in Parallel:
If several on-off switches are connected in parallel only one need to be closed (on) to complete the circuit. The diagram shows a simple circuit with two switches connected in parallel to control a lamp. Switch S1 OR Switch S2 (or both of them) must be closed to light the lamp. 

[image: ]
[image: ]
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. 
	[image: traditional NOT gate symbol]
	[image: IEC NOT gate symbol]
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[bookmark: and]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. 
	[image: traditional AND gate symbol]
	[image: IEC AND gate symbol]
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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. 
	[image: traditional NAND gate symbol]
	[image: IEC NAND gate symbol]
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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. 
	[image: traditional OR gate symbol]
	[image: IEC OR gate symbol]
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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 is true: Q = NOT (A OR B) 
A NOR gate can have two or more inputs; its output is true if no inputs are true. 
	[image: traditional NOR gate symbol]
	[image: IEC NOR gate symbol]
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When we deal with logical circuits (as in computers), we not only need to deal with logical functions; we also need some special symbols to denote these functions in a logical diagram. There are three fundamental logical operations, from which all other functions, no matter how complex, can be derived. These functions are named and, or, and not. Each of these has a specific symbol and a clearly-defined behavior, as follows:
	[image: http://www.play-hookey.com/digital/images/up0.gif]
[image: http://www.play-hookey.com/digital/images/up1.gif]
	[image: 2-input AND gate]
	The AND Gate
The AND gate implements the AND function. With the gate shown to the left, both inputs must have logic 1 signals applied to them in order for the output to be a logic 1. With either input at logic 0, the output will be held to logic 0.
If your browser supports the JavaScript functions required for the demonstrations built into this page, you can click the buttons to the left of the AND gate drawing to change their assigned logic values, and the drawing will change to reflect the new input states. Other demonstrations on these pages will work the same way.
There is no limit to the number of inputs that may be applied to an AND function, so there is no functional limit to the number of inputs an AND gate may have. However, for practical reasons, commercial AND gates are most commonly manufactured with 2, 3, or 4 inputs. A standard Integrated Circuit (IC) package contains 14 or 16 pins, for practical size and handling. A standard 14-pin package can contain four 2-input gates, three 3-input gates, or two 4-input gates, and still have room for two pins for power supply connections.
 

	[image: http://www.play-hookey.com/digital/images/up0.gif]
[image: http://www.play-hookey.com/digital/images/up1.gif]
	[image: 2-input OR gate]
	The OR Gate:
The OR gate is sort of the reverse of the AND gate. The OR function, like its verbal counterpart, allows the output to be true (logic 1) if any one or more of its inputs are true. Verbally, we might say, "If it is raining OR if I turn on the sprinkler, the lawn will be wet." Note that the lawn will still be wet if the sprinkler is on and it is also raining. This is correctly reflected by the basic OR function.
In symbols, the OR function is designated with a plus sign (+). In logical diagrams, the symbol to the left designates the OR gate.
As with the AND function, the OR function can have any number of inputs. However, practical commercial OR gates are mostly limited to 2, 3, and 4 inputs, as with AND gates.
 

	[image: http://www.play-hookey.com/images/empty.gif]
[image: http://www.play-hookey.com/digital/images/up0.gif]
[image: http://www.play-hookey.com/images/empty.gif]
	[image: Inverter, or NOT gate]
	The NOT Gate, or Inverter:
The inverter is a little different from AND and OR gates in that it always has exactly one input as well as one output. Whatever logical state is applied to the input, the opposite state will appear at the output.
The NOT function, as it is called, is necessary in many applications and highly useful in others. A practical verbal application might be:
The door is NOT locked = You may enter
The NOT function is denoted by a horizontal bar over the value to be inverted, as shown in the figure to the left. In some cases a single quote mark (') may also be used for this purpose: 0' = 1 and 1' = 0. For greater clarity in some logical expressions, we will use the over bar most of the time.
In the inverter symbol, the triangle actually denotes only an amplifier, which in digital terms means that it "cleans up" the signal but does not change its logical sense. It is the circle at the output which denotes the logical inversion. The circle could have been placed at the input instead, and the logical meaning would still be the same.
 



The logic gates shown above are used in various combinations to perform tasks of any level of complexity. Some functions are so commonly used that they have been given symbols of their own, and are often packaged so as to provide that specific function directly. On the next page, we'll begin our coverage of these functions.
Logic gates are in fact the building block of digital electronics, they are formed by the combination of transistors (either BJT or MOSFET) to realize some digital operations 
(like logical OR, AND, INVERT ). Every digital product like computers, mobile, calculators even digital watches contains logic gates. the use of logic gates in digital world can be understood better by the following example: the single bit full adder in digital electronics is an logic circuit which perform the logical addition of two single bit binary numbers (a, b, c in) a and b are the two binary number of single digit (either 1 or 0) and c in is the carry input. say for example a, b, c in= 1,1,1 gave an logical sum output of 1 and a carry of 1 , a, b, c in= 110 gave sum= 0 and carry of 1. Now this adder can be formed by the combination of many gates like by using NAND gates only. Or by using XOR, AND, OR gates and so on. so in a nutshell the adder which is of great importance in your computer processor (and also in many more applications ) is basically build from the logic gates . 
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