Physics II			Transistor Logic Lab			Name:						
Introduction
There are three main Boolean operators each of which defines true or false statements under a certain set of conditions. 
	NOT
This is an operator which takes only a single argument. If X is defined to be NOT A, then X is false when A is true, and true when A is false. The NOT operation can be summarized by the following "truth table", in which inputs appear to the left of the vertical line and outputs appear to the right:
 [image: ]
	AND
This is an operator which takes two arguments. If X is defined to be A AND B, then X is true when both A and B are true; otherwise, X is false:
[image: ]
	OR
OR also takes two arguments. If X is defined to be A OR B, then X is true if A is true, if B is true, or if both A and B are true. In other words, X is only false when both A and B are false:
[image: ]


Digital Circuits
1. Digital circuits are ones in which we are not interested in the exact value of a voltage, only whether it is "high" or "low." Most digital circuits are powered from +5 V ("high") and 0 V, or ground ("low"). 
2. Because any point in a digital circuit has a voltage which is either high or low, digital circuits naturally correspond to binary thinking: the binary digits 0 and 1 correspond to low and high, respectively. They're also great for doing Boolean logic: low corresponds to false and high corresponds to true. 
3. The basic building block of digital circuits is the transistor, an electrical component which is essentially a voltage controlled switch. One terminal of the transistor, the gate, determines whether current is allowed to flow between the other two terminals.
a) If the gate voltage is high, then the transistor is "on" and current will flow from drain to source, with essentially no resistance (and no voltage drop). It is as if you connected a wire between drain and source.
b) If the gate voltage is low, the transistor is "off" and current cannot flow from drain to source. It is as if there were no electrical connection at all between the drain and the source.
c) In either case, there is no electrical connection between the gate and either the drain or the source. The gate itself merely acts to allow or block the current from drain to source. 
4. One key to understanding the operation of transistors in digital circuits is that you can generally assume that outputs draw no current.
5. Boolean operators implemented in a circuit are called logic gates.

In this lab, you'll receive a gentle introduction to digital circuits. Using transistors and resistors, you'll build some simple logic circuits, and then test your work. Finally, you'll demonstrate the ability to perform binary addition using the circuits you've constructed.
Objectives for this lab: 
1. Learn and understand how a breadboard works 
2. Learn to use transistors to implement simple logic gates 
3. Test the truth tables of logic gates using a voltage probe 
4. Show how to combine several logic circuits to make a binary adder 
5. Implement a new truth table using the components you've learned to build

Transistors
The type of transistor we will be using in this lab is the field-effect transistor, or FET, specifically the 2N2222 FET It is an electronic component with three terminals: the gate (G), source (S), and drain (D)
[image: Image result for npn transistor pinout]
The transistor casing is flat on one side and rounded on the other, so that the three terminals can be distinguished. The gate is always the middle pin, but you'll need to know how the drain and source are oriented in order to put the transistor into your circuit correctly. 
2. The transistors we'll be using in the lab are n-channel FETs. The "n" means the current is carried by negatively charged electrons (just like in normal wires), which flow from the collector to the emitter. (In p-channel transistors, the current carriers are actually positively charged, through a minor miracle of semiconductor physics.) So the direction of the current is actually from emitter to collector. This means that the transistor operates correctly when the emitter is at a higher voltage than the collector. So a "right-side up" transistor (assuming that the +5V is supplied from the top rail and ground is at the bottom) has the flat side facing to the right and the rounded side facing to the left. 
Transistor AND Gate
	AND Gate Truth Table
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Transistor OR Gate
	OR Gate Truth Table
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Transistor NOT Gate
	NOT Gate Truth Table
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Transistor NOR Gate
	NOR Gate Truth Table
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Transistor NAND Gate
	NAND Gate Truth Table
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Instructions
1. On your breadboard build each logic circuit shown on the previous pages
a. Only build one at a time
b. All input resistors are 10k, and the output resistors are 4.7k 
2. After building the circuit, test it and use the outputs to complete the truth table for each circuit
a. [bookmark: _GoBack]Mr. Lockwood will show you how to use the Capstone Interface as a power supply when you are ready
3. Once you are finished building the five circuits shown on the previous pages, you will try to build a new logic gate a create a truth table for that circuit, you will do this by connecting a not gate to the output of one of the other four gates that you built.
4. For your new circuit, complete the truth table below
	New Logic Gate Truth Table

	0
	0
	

	0
	1
	

	1
	0
	

	1
	1
	




















Questions
Answer the following questions using data and new understanding from the lab. Give specific examples in your answers.
1. Is it possible to make one of these circuits into a device that can perform different math functions? Give an explanation of how it can do this and which circuit you would use.
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