City University of Hong Kong

Department of Electronic Engineering

EE 3207 Digital System Design

Mini Project – Stop Watch

Project Description
It is to design a stop watch with Verilog and implement the design on Altera DE2 demo board. 
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The stop watch has three operation modes: normal timing mode, stop watch mode, timer mode as indicated by the three RED LEDs as shown (N – normal mode, T – timer mode, S – stop watch mode). 
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Operation of the stop watch is control by four push buttons. Button A is for changing mode. Upon holding the buttons for four seconds, the stop watch will be in setting up mode for changing mode.  To change the mode, it is set by pressing button B once at a time starting from normal, then stop watch, then timer mode and cycling back to normal mode. When changing the mode, the according LED should light up with respect to the operation mode. The according seven segment displays should change to the default with respect to the operation mode. For example, normal timing mode, it should display the time. For stop watch mode, it should display 00:00:0000. For timer mode, it should display the last preset time. Once the stop watch is reached to a designated operation mode, then pressing the button A once, it will stay at that mode until mode setting sequence executed again. 

	Button 
	Action

	A
	Initiate set up mode and exit from the set up mode

	B
	Alter the operation mode


Normal timing mode: the stop watch operates as a normal watch displaying the hours, minutes and seconds in the seven segment displays as shown above. Two RED LEDs are used to indicate AM or PM.
At normal timing mode, B is used for setup. Upon holding B for four seconds, the stop watch is in set up mode. Upon entering the set up mode, the timing operation of the stop watch is suspended. Button C and D are used to change the AM/PM and to a preset time. Set up starts from AM position. The AM/PM and preset time will change alternatively upon pressing the C button and the corresponding display will blink.  When C is pressed, the set up position will advance as shown and the corresponding display will blink. D is used to change the setting. For example, setting AM, press C till reaching the position AM, then D.  Setting time, press C to the designated hour, minute or second position, pressing D once will advance the digital by one at a time. For example, changing the hour display from 5 to 8, it can be done by pressing D three times. 
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To exit from the set up mode, simply press B once then the stop watch should resume to normal.
	Button 
	Action

	B
	Initiate set up mode and exit from the set up mode

	C
	Select designated value to be changed

	D
	Alter the selected value


Stop watch mode: the stop watch operates as a simple stop watch. Stop watch is initialized at all zero. Upon the start cycle, the stop watch will count up from 00:00:0000 to 24:00:0000 and recycling the counting sequence. The stop watch has three timing modes: the normal stop watch mode, a lap mode, and a pause mode. At anytime, the AM/PM LEDs should be off.

· The normal stop watch mode operates as described above. START/RESTART button ( C ) initiates the counting operation. 
· Upon the lap mode, the stop watch freezes the display at the moment upon the pressing of the LAP button (B), but the stop watch will keep on counting upon the pressing of the START/RESTART button (C), the display will be updated to the actual timing as recorded by the stop watch and the stop watch will keep on counting as normal. 

· The pause mode enables the stop watch to freeze counting by pressing the PAUSE button (D) until the START/RESTART button is pressed then it will restart counting from the stopping time. 
	Button 
	Action

	B
	Suspend the display and enter the lap mode

	C
	Start and re-start , and exit from lap mode

	D
	Initiate the pause mode to suspend counting


Timer mode: the stop watch operates as a timer starting from the preset time counting down to 00:00:0000. Upon it reaches 00:00:0000, the watch will flash all the seven segment displays.  To preset the time, pressing the B button for four second, it is the same as in set up mode of normal timing mode using the C and D buttons with the exception that AM/PM with not be set.  In other words, C will change the position from hours to seconds then back to hours. At anytime, the AM/PM LEDs should be off. Upon entering the preset mode, all displays are reset to last preset value. Resetting all to 00:00:00 in the preset mode, press A once. Exiting from preset mode to idle mode, press B once.  To start the count down sequence in idle mode, press C once. To suspense the counting sequence, press D once. To resume counting from suspension, press C once.  
	Button 
	Action

	A
	Reset the preset time to all zero

	B
	Initiate and exit from the preset timing operation

	C
	Select designated value to be changed or 

Start or restart the counting opeartion

	D
	Alter the selected value or to pause the counting


Even though the stop watch is in either stop watch mode or timer mode, the stop watch will keep the current time as a normal watch simply suspending the normal timing display. 

Learning Objective

· System Partition in RTL
· Design Digital System with ASM 
· Cooperating FSMs design with ASM
· Controller Design with Verilog
· Datapath Design with Verilog
· Resource Allocation 
· Rapid Prototyping with FPGA

Demonstration

13th week 

Report Due Date

13th week 

Formal report should include: system architecture, functional description of each module, logic components used (counter, register ..etc), ASM for controllers, source code, functional simulation outputs, and testbench if any. 

Grouping

Individual work

