The objectives of this experiment are the following:
· To present the Proto-Board and its functions.
· To gain experience when using breadboards and perform the proper wiring of digital circuits.
· To gain knowledge of techniques for debugging circuits.
INTRODUCTION 
In this laboratory experiment, we are focusing on the functionalities of the Proto-Board. It is a device that is equipped with multiple breadboards, Power Supply, Logic Indicators, logic Switches and so forth. The Proto-Board allows us to perform certain connection with the use of integrated circuit (IC) in order to obtain the output of the system but before using the IC, we have to test it by using the IC Tester and if it passes the test, then we can insert it into the breadboard. We are also using Boolean algebra to validate the output of our gates by the usage of the Truth Tables. Finally, we are going to learn some debugging techniques in order to avoid false results. To do so, we are going to use a device called Probe. This device has two clips: one black and one red. We connect the red to Vcc and the black to the power supply ground. Then we test the circuit to determine the problem.
RESULTS
Part 1
[bookmark: _GoBack]We start by inserting three IC’s into the breadboard: Triple 3-input NAND gate (7410), Quad 2-input NOR gate (7402) and Hex Inverter (7404). These gates will be used to build four circuit diagrams that we will be testing. For the first circuit, the first logic switch is connected to the 1st, 2nd and 13th pin of IC 7410. Our output is the 12th pin. For the second circuit, we will use the Triple 3-input NAND gate since the IC 7410 has three NAND gates in it. The 3rd and the 4th pin are wired to the +5V and the second logic switch is attached to the 5th pin, with our output at 6th pin. We are using the IC 7402 for the third circuit. The third logic switch is connected to the 8th and 9th pin, with an output at 10th pin. The IC 7404 is going to be used for the last circuit. The fourth logic switch is attached to the 1st pin and our output is pin 2.
Circuit 1: Triple 3-input NAND gate (7410)
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Function of the circuit 1: 

	Theoretical results

	A
	F1

	0
	1

	1
	0


Truth Table of the circuit 1:
	Experimental results

	A
	F1

	0
	1

	1
	0



For the circuit 1, when the input is 0, then the output is 1 and vice-versa. Since the two truth tables are the same, the experimental values respect the theoretical values. In other words, the circuit 1 did function as expected.
Circuit 2: Triple 3-input NAND gate (7410)
B
F2
(6)
(5)
(4)
(3)
7410
U1
+5V






Function of the circuit 2: 

	Theoretical results

	B
	F2

	0
	1

	1
	0


Truth Table of the circuit 2:
	Experimental results

	B
	F2

	0
	1

	1
	0



For the circuit 2, when the input of B is 0, then the output of F2 is 1 and vice-versa. The experiment and the theory support each other because the two truth tables are equivalent. The circuit 2 did function as expected.

Circuit 3: Quad 2-input NOR gate (7402)
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Function of the circuit 3: 

	Theoretical results

	C
	F3

	0
	1

	1
	0


Truth Table of the circuit 3:
	Experimental results

	C
	F3

	0
	1

	1
	0



The circuit 3 works as predicted because if the input of C is 0, then the output is 1 and vice-versa. The results of the truth table of the circuit 3 are just like the results of the theory. 
Circuit 4: Hex Inverter (7404)
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Function of the circuit 4: 

	Theoretical results

	D
	F4

	0
	1

	1
	0


Truth Table of the circuit 4:
	Experimental results

	D
	F4

	0
	1

	1
	0



Since the circuit has a NOT gate, if the input of D is 0, then F4 is equal to 1 and vice-versa. The circuit works as expected because the two truth tables are the same.
Part 2
For the part 2 of the experiment, we are going to use three IC’s into the breadboard: Triple 3-input NAND gate (7410), Quad 2-input NOR gate (7402) and Hex Inverter (7404). The first logic switch is attached to the 1st, 2nd and 13th pin of IC 7410. The 12th pin of IC 7410 is connected to the 8th pin of the IC 7402. The second logic switch is connected to the 1st pin of the IC 7404 and the 2nd pin of the IC 7404 is attached to the 9th pin of IC 7402. The output of IC 7402 is the 10th pin.A
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Circuit 5: Triple 3-input NAND gate (7410), Quad 2-input NOR gate (7402) and Hex Inverter (7404)









Truth Table of the circuit 5:
	Experimental results

	A
	B
	F

	0
	0
	0

	0
	1
	0

	1
	0
	0

	1
	1
	1



If the input A and the input B are 0, then the output is 0. If the input A is 0 and the input B is 1, then the output is 0. If A is 1 and B is 0, then the output is 0.if both A and B are 1, then the output is 1.


Questions:


1) From your results, what Boolean function does this circuit produce?


2) Do you results agree with your analysis of this circuit? Why or Why not?


Yes, my results agree with my analysis of the circuit because the two functions are equivalent.




3) Draw another circuit that would produce the same Boolean function using only NOR gates. 
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Part 3
In part 3, we will use one Quad 2-input NAND gate. The first logic switch is connected to the 1st pin and the second switch is connected to the 2nd pin. The 3rd pin is attached to 4th and 5th pin. Our output is the 6th pin.
Circuit 6: Quad 2-input NAND gate
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	Experimental results

	A
	B
	F

	0
	0
	0

	0
	1
	0

	1
	0
	0

	1
	1
	1



If both A and B are 0, then the output is 0. If the A is 0 and B is 1, then the output is 0. If A is 1 and B is 0, then the output is 0.if both A and B are 1, then the output is 1.
Questions:
4) From your results, what Boolean function does this circuit produce?


5) Do your results agree with your analysis of this circuit? Why or why not?

Yes, my results agree with my analysis of this circuit because the two Boolean functions are equivalent.







6) What are the benefits of designing digital circuits using only NAND gates?

By using only NAND gates, we can obtain basic logic gates: AND gates and OR gates. It reduces the number of gates used and the complexity of a digital circuit. Also, NAND gates are cheaper to produce.

Part 4
We are going to use three 3 ICs for the part 4: Quad 2-input AND gate (7408), Quad 2-input OR gate (7432) and Hex Inverter (7404). For the IC 7408, the first logic switch is connected to the 1st pin, the second logic switch is attached to the 2nd pin, the third logic switch is wired with the 10th pin and the fourth logic switch is connected to the 9th pin. The 3rd pin of the IC 7408 is connected the 1st pin of the IC 7432 and the 8th pin of the IC 7408 is attached to the 2nd pin of IC 7432. The 3rd pin of IC7432 is connected to the 1st pin of the IC 7404 and the output is the pin2.
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Circuit 7: Quad 2-input AND gate, Quad 2-input OR gate and Hex Inverter
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	Experimental Results
	

	A
	B
	C
	D
	X
	Y
	Z
	Q

	0
	0
	0
	0
	0
	0
	0
	1

	0
	0
	0
	1
	0
	0
	0
	1
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	0
	1
	0
	0
	0
	0
	1
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	0
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	1
	0
	0
	0
	0
	0
	0
	1

	1
	0
	0
	1
	0
	0
	0
	1

	1
	0
	1
	0
	0
	0
	0
	1

	1
	0
	1
	1
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	1
	1
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	1
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	1
	1
	1
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	1
	1
	1
	1
	1
	1
	1
	0



	
	When A or B is 0 and C or D is 0, the output is 1.



7) Reiterate in your own words the procedure for debugging circuits. List the most common problems with digital circuits. Are there any other possible problems that could arise?
The first step is to verify all connected wires to make sure that the Vcc and grounds are properly connected to each IC and also to ensure that TTL gate outputs are not attached together or grounded. The second step is to verify that the pins’ of each IC are not broken. The third step is to see if the IC is burned by checking if it is hot or not when it is connected with the power supply. If so, turn off the power supply and check the connections of the IC. If there is no problem with the connections, then test the problematic IC individually. For the fourth step, we have to turn on the power supply and verify all internal circuit nodes starting with the node closest to the inputs to see if everything is working properly. Use the truth table to validate your results by comparing with the predicted values.

The most common problems are:
· The wires are not properly connected.
· The Vcc and the ground are improperly connected to the IC.
· The pins of an IC are broken.
· The IC is damaged. 
· Didn’t turn on the power supply.
· Using an incorrect IC.
	
	Other possible problems:
· Misplaced wire
· Mixing up the Vcc and the ground
· Improper connection between IC and breadboard 
· Putting components backwards
· Short circuit  
CONCLUSION
In this experiment, we have used the Proto-Board to build the circuit 1 to 7. By doing so, we have acquired knowledge on who to use a breadboard and the proper wiring in a digital circuit. Also, we have learned debugging techniques to fix the circuit. I have used a device called Probe to debug the circuit 5 because I was getting false results. The most import aspect in this lab is the logic gates specially the universal logic gates: NOR and NAND gates. These gates have many benefits such as different combinations of NOR and NAND gates can produce any logic functions.  
