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Introduction

The lab was performed in order for a telephone switch, which is a circuit used to determine and establish a connection between different telephone users. Much like a real switch, when establishing a connection, receivers cannot receive more than one connection at one time. Although a difference, the circuit designed in the lab does not allow more than one ‘caller’ to make a connection at one time. In the real world, two people can make a phone call at the same time, although a telephone cannot receive more than one call at a time. 

Specification

If this circuit was needed by a client, to be designed the engineer would be given a Tektron Computer Logic Lab printout. The printout contains all the logic gates that are available to be used in the circuit. During the pre-lab, several of these were printed out so that each section of the circuit could be designed and organized. The purpose, like in the introduction, is to establish the connection between a caller and a call receiver. The requirements for this lab needed to have 4-inputs in a MUX and have 8-output in a DeMUX. Which means that the circuit will allow for 4 callers and 8 call receivers. Given that the circuit is a MUX part and a DeMUX part, each side will need to be designed separately. When designing it, the number of logic gates that are available. During the construction of the circuit, the number of wires has to kept in mind as well. 

Design

In the case of this lab, we had 4 phone inputs and 8 phone receiver outputs. The 4 input telephone signals are on the MUX side and the 8 outputs are put together on the DeMUX side. A MUX circuit takes in as many signals as required, but only outputs one signal. The MUX or input section of the circuit used 6 AND gates and 3 NOR gates. Using the signal switches, the 4 MUX circuit outputted one signal to the DeMUX side of the circuit. Since only one “phone” can be selected at a time due to the s0 and s0-bar pulse output, each time one “phone” is selected, there are 4 possible output signals for the MUX circuit. The pulse output only outputs 2 signal, s0 and s0-bar, the W and Y have equivalent signals and so do the X and Z. These similarities cause single MUX output signal to have 2 off signals and 2 on signals as shown in FIGURE 1.
 The DeMUX side of the circuit has two sections to be able to take the one signal from the MUX and turning it into 8 outputs. The first half uses two NANDs, with both receiving the same signal outputted from the MUX circuit. This half of the DeMUX, the two outputs are sent to 4 NANDs and 8 NORs. The gates are split into halves, to output 8 signals. 2 NANDs are put into parallel, and each outputs the same signal into 2 NORs. Shown in FIGURE 3, the output gates for A through H show one occurrence for each, meaning that only one output can be used at a time.

Testing and Implementation
Much like how the circuit was built, it was tested piece by piece. During the lab, the first section to be built was the MUX circuit. Using the lamp inputs, switch outputs, and pulse outputs each test case could be tested. In the case of the MUX, testing the circuit meant that while cycling through each pulse output, the light should be on half the time and off the other. This was taken to be correct given the truth table, Figure 1, which told us the desired outcomes. By working and diagnosing this way, any issue could be solved quickly due to the small amount of wires. Since we would have been diagnosing for only one section of the entire circuit, finding any issues was simple. The DeMUX side was split and built in two parts. So, when diagnosing the 2nd part, any issues that arose, we knew for sure we not from the MUX circuit. Once the entire lab was constructed it was outputting the desired results, so we worked backwards isolating the issue to the 3rd section. After running through each wire, just for safety, we realized the issue came from the logic board itself. The pulse outputs were not outputting properly and in turn were messing up the final data. Using the Figures 1-3, we knew that the desired outcome was to have each output A-H light up once while going through each input X-Z. Since the physical pulse outputters were broken and we could do nothing about it, we confirmed we were correct with the TA. 

Conclusion
	The circuit was built and ended working to the required specification. All the gates required for the circuit, were all found on the Layout of The Tektron Logic Lab. A lot of what was learned is that preparation is key, spending 6 hours on pre-lab was useful because it helps reduce the amount of time spent in the actual lab. During the prelab, we stayed away from the 2 AND and 1 OR pre-made circuit, found on the Layout of The Tektron Logic Lab, mainly to reduce errors.  Next time we will use them to save on time and the number of wires used. The lab demonstrated applications for MUX and DeMUX circuits, like the telephone switch. 
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[2]Figure 1: Truth table for MUX circuit
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[3] Figure 2: Truth table for 1st half of DeMUX circuit
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[4] Figure 3: Truth table for 2nd half of DeMUX circuit

