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Lab 12: Digital Clock Design 
Objectives:  

This lab is designed to implement sequential logic circuits such as counters in simulating a digital clock. 

Background:

One of the most common applications of counters is the digital clock – a time clock that displays the time of the day in hours, minutes, and sometimes seconds. In this lab, we will design different counters to develop a digital clock.  

Task 1: Building a divide-by-6 counter
Activity 1.1 Construct a truth table for a divide-by-6 counter with inputs clock and reset using J-K flip-flops, and outputs QA, QB, and QC with an output Q where QC is the most significant bit and the output Q indicates the cycle 6 has been reached.  

Activity 1.2 Derive Boolean functions for the inputs to J-K flip-flops.

Activity 1.3 Construct the circuit for the divide-by-6 counter according to the Boolean functions in Activity 1.2.

Activity 1.4 Use LogicWorksTM to build a divide-by-6 counter package.

Task 2: Building a decade counter
Activity 2.1 Construct a truth table for a BCD decade counter with inputs clock and reset using D flip-flops, and outputs QA, QB, QC, and QD with an output Q where QD is the most significant bit and the output Q indicates the cycle 10 has been reached.  

Activity 2.2 Derive Boolean functions for the inputs to D flip-flops.

Activity 2.3 Construct the circuit for the BCD counter according to the Boolean functions in Activity 2.2.

Activity 2.4 Use LogicWorksTM to build a BCD counter package. 

Task 3: Building a decade counter with load
Activity 3.1 Modify the BCD counter in Activity 1.3 by adding a multiplexer to the circuit such that it can accepts a set of inputs A, B, C, and D to generate any sequence of counting, where D is the most significant bit. 

Activity 3.2 Use LogicWorksTM to build a BCD counter with load package. 

Task 4: Digital clock design
Activity 4.1 Design a circuit for the second unit using a D-latch without SQ, a divide-by-6 counter and a decade counter. Use a clock to drive the decade counter and D-latch with the output Q from the decade counter to drive the divide-by-6 counter.

Activity 4.2 Test your circuit in Activity 4.1 using HEX displays.

Activity 4.3 Similar to the second unit in Activity 4.1, design a circuit for the Minute unit using a D-latch without SQ, a divide-by-6 counter and a decade counter. Use a D-latch with the output Q from the divide-by-6 from Activity 4.1 counter to drive the minute unit. Note: you might need an AND gate to make the second unit synchronize with the minute unit.

Activity 4.4 Test your circuit in Activity 4.3 using HEX displays.

Activity 4.5 Design a circuit for the hour unit (use the standard time) using D-latches without SQ and a decade counter with load. The decade counter with load will be used to generate the one digit and the D-latch will be used to generate the ten digit. Since the one digit will count 1-9 and 0-2 alternately, the input to the decade counter will be 0001. Use a D-latch with the output Q from the divide-by-6 from Activity 4.3 counter to drive the hour unit

Activity 4.6 Test your circuit in Activity 4.5 using HEX displays.























































