Digital Circuits and Combinational Logic

Purpose:  The objective of this activity is for the students to explore digital circuits and combinational logic.

Overview:  In previous units, the concept of codes and symbols being used to transmit or transfer information was developed.  Many of the codes studied were based on numbers, and the numbers in turn were used to represent just about anything else (binary code, ACSII code, etc.).  Fundamental units within many codes are made up two basic states, on and off (binary states – meaning two states).  Baudot code used mark and space signals, binary code uses 1’s and 0’s, Morse code uses dots and dashes.  Voltage levels can be used to represent, and transmit, these basic on and off states.  On and off electrical states and the numbers that can be represented by the combination of these two states (digits) is the basis of digital electronics.  

The simple combination of sequences of 1’s and 0’s, on and off states can become very powerful in transmitting information and beyond.  In fact, the concept of manipulating binary states is the basis of the computer.  There are basic circuits developed to interpret the information presented as 1’s and 0’s and make decisions or take action (change state) based on the information.  These basic circuits are called logical operators.  In this unit, four of the most basic logical operators are explored, NOT gate, AND gate, OR gate, and NAND gate.  These circuits are called gates because they pass certain information based on the ‘rules’ of the gate and type of information presented to the gate.  The rules that an individual gate is to follow in interpreting the incoming information is based on a decision making concept in Algebra called Boolean logic and the name of the gate gives some indication of the rules to be followed.

For instance, the NOT gate would imply that the gate will do the opposite of what is asked.  If a 1, or high voltage, is presented at the input of the gate, it would NOT be passed and the output of the gate would reflect a 0, or no voltage.  Conversely, if a 0 is presented at the input of the gate, this input would NOT be passed and the output would be the opposite, or a 1.

The rule a gate is designed to follow is called a truth table.  A truth table is basically dictionary for that device that tells what the output of the device would be when compared to the combination of 1’s and 0’s that are present on the input of the device.  In this activity, students will create truth tables for each of the logical operator by applying high and low voltages to the inputs of the devices and measuring the output state.  Ones the truth tables are created, students will be asked to identify an unknown logical device based on its truth table. 

Time:  One class period to develop the concept of combinational logic.  One class period create truth tables for the basic logic circuits.  One class period for advanced discussions and system development using the basic logic circuits. 

Skills Required:
· Listening

· Observation

· Critical Thinking

· Writing and expression

Materials and Tools:
· The demonstration board.

· Voltmeter

Preparation:

1. Review with the students the operation of the voltmeter.

2. Demonstrate the creation of a truth table on one of the gates to be studied.

Background:

Now You’re Talking pages 7.17-7.19.

Handbook pages 7.4-7.7.

http://www.ibiblio.org/obp/electricCircuits/
An excellent tutorial program is available from Parallax Inc. called PLS.exe.  It is available for download from www.parallax.con/dl/sw/edu/logic%20lg.zip
What to do and how to do it:

1. Divide the class into working groups and provide each group with a voltmeter.

2. Have each group test the circuits on the activity board in turn and create the truth tables for each device.

Data Analysis:

1. Ask students to compare their truth tables to the know tables to ensure accuracy.

2. Assign students to develop mathematical formulas using basic arithmetic operators (+, -, *,  /) that model the truth tables that they developed.

Activity questions:

1. How can you configure a NAND gate so that it acts the same as a NOT gate?

2. There is a secondary gate called the NOR gate (not OR).  What combination of gates would produce a NOR gate?

3. Can you design a tick-tack-toe game that is based on a combination of basic logic circuits?

4. Two bits of data can be used to represent the numbers 0, 1, 2, and 3.  Create an adding machine using the basic logic circuits to add any combination of these four numbers.

Adaptations for special needs:  There should be no accommodations required for this activity.  
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