Building circuits to do math
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6-8pm Tuesday lab with Kim Nguyen/Nick Boudreau

1 Design

The objective of this lab is to construct a circuit that compares two 2-bit num-
bers. The first step is to create a logic equation which can be done using a truth
table and its corresponding Karnaugh map as seen in Figure 1. M and N are
each 2-bit numbers where M7, My, N1 and Ny are the variables associated with
the individual bits. M; and N; are the most significant bits. Figure 1 shows
that the logic equation corresponding to M > N is

Y = My N; + MyN; Ny + M; MyN,

(1)

Figure 1: Truth table and Karnaugh
map for M > N
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Circuit without con-

A two-level logic implementation of Equation 1 is shown in Figure 2.
However, we will construct our circuit under the constraint that we only have

access to the following chips:




74HCO00 quad NAND
74HCO04 hex inverter

T4HC4075 3x3 OR

74HC266 quad XNOR

Thus, the circuit we will create is the one shown in Figure 3. This circuit
will only use one 74HCO00 quad NAND, one 74HCO04 hex inverter, and one
74HC4075 3x3 OR. In order to control the voltages of our inputs (M1, My, Ny
and Ny), we will use a DIP switch and pull-up resistors. An open switch will
cause current to flow from V.. to the desired input pin whereas a closed switch
will cause current to flow straight to ground. The output of our circuit will be
connected to an LED so that a lit LED indicates a true output. The schematic
of the DIP switch and LED implementation are shown in Figure 4.

Figure 3: Circuit with constraints
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Figure 4: DIP switch and LED im-
plementation

2 Testing

The final circuit is shown in Figure 5. It’s pretty gross. In order to test its func-
tionality, I tried all 16 combinations of the input variables. These combinations
are shown in the truth table in Figure 1. The circuit obtained the correct out-
puts for all of the combinations, and so I'm confident that the implementation

is correct.




Figure 5: Final circuit on breadboard
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4 Reflection

This was my first experience with designing a circuit that implements a logic
equation. It is important to understand the translation from logic to a hard-
ware implementation. Sometimes it’s difficult to imagine how hardware could
represent even the simplest ideas.

I ran into various issues during this project. One of the most frustrating
being the layout of the breadboard. When there are many different logic gate
ICs, it becomes difficult to make all the necessary connections between circuit
elements. It is especially difficult to make these connections when you don’t
plan the setup of your ICs beforehand. For example, the IC in the middle of the
breadboard shown in Figure 5 is the NAND gate. It may be difficult to see,
but there are hardly any connections associated with this gate. The majority
of the connections were between the inverter and the OR gate. It would have
been a lot more convenient to have these two gates placed next to each other.
In future projects, I plan to consider the connections I’ll be making between 1Cs
before I begin building the circuit.

I was able to complete the circuit board in around two hours. With that
said, it can definitely be done quicker if you don’t make as many mistakes as I
did.



