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Objectives 
• Learn the specification and usage of Flip-Flops.
• Design and implement basic sequential components.
• Learn about some practical aspects of logic implementation (switch debouncing)

Introduction
In this experiment, you will design basic sequential components such as shifter registers, counters and sequencer 
detector using different types of flip flops.

Switch Debouncing
In this experiment, a push-button switch is used as a clock. It is, however, a mechanical device and as such is 
much slower than an electronic circuit. When such a switch is opened or closed the mechanical contacts do not 
break or make a connection instantaneously, but can ``bounce'' between open and closed, thus making several 
transitions. If you were to use a mechanical switch to increment a counter (to count, say, people going through a 
turnstile), a single closure of the switch could increment the counter many times. The bouncing typically 
continues for about 10 ms.

To debounce a switch, follow these steps:
1. Copy the Verilog file (debounce.v) to the project directory,
2. Add it as a source to your project,
3. Create a schematic symbol for it,
4. Add it to your complete schematic design. Note that the debouncing circuit has two inputs; clock 

(onboard clock) and noisyclk (your external clock) and one output; cleanclk, as shown in the figure 
below. Clock will be connected to the board’s clock (pin T9), noisyclk to your clock (a push-button 
switch) and the cleanclk to the FFs’ clock input.



Lab Activities

Part 1. Serial to Parallel Shift Register (10 pts):

Build a 4-bit serial to parallel shift register using four D-FFs (FDCE). Use a push-button switch for the 
clock, a slide switch for the serial input, and four LEDs for the register's outputs. Use two more slide 
switches for the asynchronous clear and enable.

Part 2. Asynchronous (Ripple) Counter (10 pts):

Build a 4-bit asynchronous (ripple) UP counter using four T-FFs (FTCE) and inverters. Use a push-
button switch for the clock and four LEDs to display the counter's outputs. Use two more slide switches 
for the asynchronous clear and enable.

Part 3. Up/Down Synchronous Counter (10 pts):

Build a 4-bit up/down synchronous counter using T-FFs and needed logic gates. Use a push-button 
switch for the clock and four LEDs to display the counter's outputs. Also, use a slide switch to control 
the count direction (UP). If UP = 1, the counter counts up and if UP=0, the counter counts down. 

Part 4. Sequence Recognizer (20 pts):

Design a finite state machine for a pattern recognizer, which has a one-bit input, x, and a one-bit output, 
z. The circuit is to recognize the sequence “1101”. Build the circuit using suitable FFs, logic gates, and 
switches. 

Lab Report
Use the provided template to write your report.

Discussion Questions
• For the used flip-flops FDCE and FTCE, briefly explain which inputs are synchronous and which ones 

are asynchronous.
• Classify the circuits in part 3 and 4 as either Mealy or Moore machines. Explain the reasons of your 

classification.
• Compare synchronous and asynchronous counters. Briefly state the advantages and disadvantages of 

each type.
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