Amplification and Clarification of the

Diagrams in Figures 4.16, 4.17, and 4.18

The diagrams presented in Figures 4.16 (the NOT gate), 4.17 (AND, NAND), and 4.18 (OR, NOR) were intended as models of how logic gates can be constructed from transistors; they were not intended to be replicas of how these gates are built from actual electrical components. We did not want the reader to lose the main theme–the implementation of Boolean operations via transistors–in the details of current flows, voltages, and resistors.  However, students and faculty with knowledge of electrical circuit behavior correctly pointed out that the circuits in these diagrams will, in real life, not work.  Specifically, they will short-circuit due to the absence of resistors.  

In this Errata, I wish to share the corrections submitted to me by Prof. Kenneth Batcher of Kent State University.  The complete set of comments are available on his Web site: http://www.cs.kent.edu/~batcher/4_3_2/.  As Prof. Batcher explains, the problem with diagrams 4.16-4.18 is "There are no resistors in these diagrams to limit the current through the transistors–when a transistor is turned ON it short-circuits the power supply bus to the ground bus and the very high current through the transistor burns it out."  Dr. Batcher points out that the electronically correct circuit diagram for the AND gate is:

[image: image1.png]Power Supply (Logical-1)
L

Input-1

A

Input-2
Output
Resistor
R W

Ground ( Logical-0)




If either input of the two transistors is in the 0-state then no current flows through the transistors and the resistor pulls the output voltage down to the 0-state of the Ground bus. However, if both inputs to the transistors are in the 1-state then both transistors are turned ON and their very low resistance pulls the output voltage up to the 1-state of the Power Supply bus (the resistor limits the current flowing through the transistors to a safe value.)

In a similar vein, Dr. Batcher provides the electronically correct diagram of the OR gate:
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If both inputs of the two transistors are in the 0-state then both transistors are turned OFF and the resistor pulls the output voltage down to the 0-state of the Ground bus. If the input to either transistor is in the 1-state then that transistor is turned ON and its very low resistance pulls the output voltage up to the 1-state of the Power Supply bus (the resistor limits the current flowing through the transistor to a safe value.)

Finally, the NOT gate can be constructed as follows:
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If the input to the transistor is in the 0-state then the transistor is turned OFF and the resistor pulls the output voltage up to 1-state of the Power Supply bus.   If the input to the transistor is in the 1-state then the transistor is turned ON and its very low resistance pulls the output voltage down to the 0-state of the Ground bus (the resistor limits the current flowing through the transistor to a safe value.)

I am indebted to Prof. Batcher for this information.
