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      Introduction to Laboratory

Aim – The purpose of this lab is to familiarize the student with the breadboard and other hardware used in lab.
Components – Digital Logic Designer, Integrated circuits (7400, 7401, 7410, 7432, 7486), Resistors (1 Kohm), Patch wire.

Procedure – An introduction to the breadboard and IC chips was given by the instructor.  Circuits consisting of two and three input NAND gates were assembled and their truth tables were found experimentally using the switches of the digital logic designer to input the binary sequence into the circuit and reading the output of LEDs wired to the outputs of the circuit.  The truth table for the XOR gate was also obtained experimentally.

The function T1=A’B’C + A’BC + AC’ was first implemented directly using NAND gates without simplification.  The expression was then simplified and re-implemented to determine the savings in the number of pins that require wiring.  


A simple experiment consisting of two NAND gates (using the 7401 instead of the 7400) was conducted to understand the meaning of wired logic.  The outputs of the two NAND gates were wired together, and the missing resistance inside the two gates was replaced by an external resistor.

Observations – It was observed that each IC must be placed over a “bridge” on the breadboard for it to function correctly.  Also the IC must have a wired Voltage (Vcc) and ground pin for it to operate.  Voltage and ground are supplied by the digital logic designer.  IC’s should be removed from the breadboard by sliding a wire under the IC through the bridge and then pulling up gently. 


Circuits can get complicated on the breadboard quickly.  To prevent confusion it was found that using different colored wires for different functions had its advantages.  Also numbering the pins on the sketched diagram helped in any debugging and modifications necessary.

Results - It was discovered through experimentation that the NAND gate works as expected and the correct truth table was obtained (Table 1.1).  The truth table for the XOR gate was also obtained (Table 1.3).  The lab then continued to prove the fact that wiring one or more NAND gates together in different sequences produces other logic such as NOT (Table 1.2), AND (Fig 1.7, Table 1.6), OR  (Fig 1.8, Table 1.7), and XNOR (Fig. 1.9, Table 1.9).  


After simplification of the function T1 (Fig 1.10) into minimized product of sums (POS) form a savings of six pins was calculated (Fig 1.11).  The minimized sum of products implementation has no pin savings over the product of sums minimization due to the fact that both minimizations require the same number of two-input gates.  


Using wired logic elimination of an AND gate is possible for this function (Fig 1.14).  The 7401 IC was used instead of the 7400 IC since the 7401 is missing the final resistor needed for the logic to operate correctly.  The outputs of two “modified” NAND gates were tied together, and the missing resistor was replaced by an external resistor between the output and Vcc (+5V).  This completed circuit produced the same truth table that could have been produced using another AND gate in place of the wired AND connection (Table 1.12).

Conclusions and comments - It was seen that physical IC circuit logic operates the same as their pencil-and-paper equivalents.  It was expected that the implementation of more than one NAND gate together would create other basic logic.  Certain functions could be built using only one IC since the IC packages typically contains more than one gate.  The physical savings of minimizing functions and the advantage of wired logic in the reduction of gates and wiring needed was also seen.


This experiment served as a satisfactory introduction to the fundamentals of the breadboard, wiring IC circuits, and minimizing functions that may serve as a foundation for later experiments.  


Open collector logic makes it possible to connect the outputs of more than one gate directly together and achieving the correct output.  It is necessary to then connect an external resistor between the combined output and the positive voltage (Vcc) to make up for the absent resistor inside each separate gate so that the circuit may operate correctly.  With the final resistor in place the rightmost transistor may operate properly allowing the flow of current when the transistor is activated (Fig 1.12 and 1.13).  The connection from the left of the transistor acts as a switch allowing flow through the other two connections of the transistor in the simplest realization.  When all inputs are set to 0 there is no way for the current to reach ground, so the current flows through the external resistor to the output of the function thus giving an output of 1.  When any of the inputs are asserted a “path” to the ground of that gate is open and most current will flow through that lower resistance giving an output of 0.  Without the resistor in place there would be no flow of current to the output as there is no way for current to flow from the upper branch of the transistor, thus always producing a logic zero.  A resistor is used instead of a standard wire since this would produce a short circuit.  The combination of more than open collector with the correct external resistor will then produce wired AND logic.  This is beneficial since less gates (and possibly ICs) are needed when wired logic circuits are used.  Even though a wired OR was not created experimentally, it can be deduced that this gate may be created similarly by tying together the outputs of the other gates and including diodes at the output of each gate being tied together to prevent the back-flow of current.

Simplifying F = AC' + ACE + ACE' + A'CD'+ A'D'E'

F=AC’ + ACE + ACE’ +A’CD’ + A’D’E’

F=AC’ + AC + A’CD’ + A’D’E’

F=A + A’CD’ + A’D’E’
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