Lab One: Introductory Digital Design Laboratory


In this lab, we acquired a working knowledge of the breadboard, wiring, and usage of 7400 Logic chips.  In addition, we were also introduced to the Altera UP-1 Board and some of its key functionalities.


The first part of the lab gave us an introduction to the UP-1 clock circuit and the benefits of a self-implemented clock.  The second part of the lab acquainted us with the 7400 logic chips along with simple usage of the breadboard.  We managed to gain some practice while experimenting with the chips.  We also were able to build our own clock using a 7474 D-flip-flop and successfully used it to build our first module, a “change of MOOD” detector.

Design Processes and Results

Part One


In this part of the experiment, a demonstration was done to display the properties of the wave shapes produced by signals sent from the UP-1 clock circuit.  We managed to witness several cycles of the UP-1 clock, which had a frequency of 25.175 Mhz.  The rise and fall times for each of the clock cycles appeared constant.  The rise times of the clock seemed to be longer than the fall times.  The wave shapes of the curves appeared roughly like that of a sine curve.  As mentioned by professor, the length of the wiring influenced the amount of propagation delay.  A long wire meant a long delay and a short wire implied a shorter delay.


A demonstration of the switches on the UP-1 board followed the demonstration of the clock circuit.  We observed the wave shapes for the signal and roughly recorded the results.  We noted that the switches on the UP-1 Board produced “bouncing” effects on the signal.  When the switch was pressed, we saw a sudden decrease in the voltage.  However, a short while later, we observed the signal bounced back up and then down again.  This occurred several times.  In addition, we noticed that each time the button was pressed, the number of bounces varied.


The final section of part one consisted of a demonstration of the 7474 flip-flop and its ability to produce a clean pulse.  The generated pulse shape was more “clean” in the fact that there was almost no bouncing.  If there was, there were not many “bounces” and the magnitudes of the bounces were barely noticeable.  The rise and fall times were approximately the same.

Part Two


The first section of part two asked us to test and record the results produced by the 7432 chip.  This chip was equivalent to four two input OR gates.  The wiring connections can be found on the last several pages of this document.  As expected, we obtained the following results:

	In 1
	In 2
	Out 3

	0
	0
	0

	0
	1
	1

	1
	0
	1

	1
	1
	1


We then tested the NAND gate on the 7400 chip.  As with the OR gate, the connections are diagrammed on the last several pages attached to this lab.  The results were as expected and are summarized below:

	X
	Y
	Z

	0
	0
	1

	0
	1
	1

	1
	0
	1

	1
	1
	0


The next step was to implement a two level XOR NOR combination.  For the XOR gates, we used the 7486 chips while for the NOR gate, a single 7402 chip was put to use.  The connection and the pin assignments can be found on the page with the diagrams.  We ran into problems with the output in the beginning.  With some help, we were able to identify that the problem came in the form of a dysfunctional chip.  We replaced that one chip and obtained the expected results:

	B1
	B0
	A1
	A0
	OUTPUT

	0
	0
	0
	0
	1

	0
	0
	0
	1
	0

	0
	0
	1
	0
	0

	0
	0
	1
	1
	0

	0
	1
	0
	0
	0

	0
	1
	0
	1
	1

	0
	1
	1
	0
	0

	0
	1
	1
	1
	0

	1
	0
	0
	0
	0

	1
	0
	0
	1
	0

	1
	0
	1
	0
	1

	1
	0
	1
	1
	0

	1
	1
	0
	0
	0

	1
	1
	0
	1
	0

	1
	1
	1
	0
	0

	1
	1
	1
	1
	1


We used the experience we gained from the testing of the chips to build our first clock.  The connections and the pin assignments can once again be found on the page with the diagrams.  We noted that the PRESET and CLEAR inputs were asynchronous functions.  They can be preset and cleared when desired and does not need to correspond to a clock cycle.  We also witnessed the flip-flop set itself when the input is set to high (1) and the clock is on the rising edge.  When the clock has already reached the high voltage steady state, any change input will not influence the output until the next rising edge of the clock.  When the inputs are changed during the LOW period of the CLOCK, nothing happens to the output.  There is only a change in the output on the next rising edge of the clock cycle.  The value of the input is captured by the 7474 only on the rising edge of the clock cycle.  The 7474 are a collection of 2 D flip-flops.

After successfully implementing the clock, we moved straight ahead to the implementation of the “change of mood” detector.  To implement the detector, we used the clock created in the last part of this lab.  We used a second D-flip flop and XOR gate to implement the detector.  A pictorial representation of the setup is included in the diagrams page(s).  As expected the setup produced a LOW signal (the output light lit up) when the present input differed from the previous state.


The mood detector we implemented is an example of a Mealy machine.  The other type of sequential machine is a Moor machine.  The output at time t of a Mealy machine depends on the input and the state at time t.  The output at time t of a Moore machine only depends on the state at time t and not on the input.  A clock without any features is a good example of a Mealy machine.  A Mealy machine implementation of the “change of MOOD” machine is included in the pages attached at the end of this lab.

PROBLEMS:

Having little to no exposure with chips, breadboards, or wiring, we initially had a difficult time with the ideas and processes.  At first, the wiring confused us.  We were not acquainted with the pins on the chip nor their main functionalities and purposes.  This was clarified, however, after we carefully studied the diagrams provided.  After wiring the circuit, we occasionally were misled into thinking we had incorrect logic due to wires that were touching which, in turn, shorted the whole circuit.

After building the clock, we were uncertain as to how it was to be used in implementing the “change of MOOD” detector.  In addition, the purpose and expected results of the MOOD circuit were unclear and confusing.  Much time was spent on this because we did not know that multiple chips were allowed.  Eventually, the experiment was successfully completed with some aid and some brief research.

In successfully completing this lab, we acquired the basic knowledge necessary to build more complicated circuits in the future.  We also realized the importance of prudence when implementing the circuit.  The many problems that arouse from the lab gave us our first opportunity to debug and test our circuit.  We found this task to be pretty simple with easy circuits and a limited number of modules.  However, this debugging experience will be invaluable as we develop, implement, and test more complex circuits consisting of many, many wires and numerous chips and modules.
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