LAB4		(DE1 version)	

Associated Files: DE1.qsf, and CH4_DE1.qar

Exercise #1
· Create a new directory called “lab04” to hold all project directories from this lab.
· Restore CH4_DE1.qar so all VHDL codes in Chapter 4 are accessible.
· Create a new project called “sequence” and copy/rename “sequence_detector.vhd” from CH4_DE1_restored as “sequence.vhd”. Make sure to rename the entity name from “sequence_detector” to “sequence”.

“Problem 2” from textbook Chapter 4.2.2
· There are four circuits described in the VHDL, make sure only the circuit for “problem 2” is uncommented. Circuit descriptions for problems 1, 3 and 4 are commented.
· Import the pin assignments, compile and then program the DE1 board.
· Verify the behavior as described in textbook Chapter 4.2.2.
· The states of the FSM are defined using the VHDL enumeration type declaration as shown below. For “Problem 2” FSM, the “signal” state is defined as type “p2”.
	type p2 is (wait_for_press, wait_for_release, release);
	type p3 is (wait_for_press, press, wait_for_release);
	type p4 is (wait1, wait2, wait3, press, wait4);
	signal state: p2;

· Use “Tool  Netlist Viewers  State Machine Viewer” to see the state diagram of this FSM. Compare the state diagram with that in Figure 4.2. 
· Use RTL viewer to identify the signal name for the output from “debounce” circuit. In VHDL, this signal was named “PB”, but its name has been changed by Quartus II.
· Highlight the arc between “wait_for_press” and “wait_for_release” and record the “condition” of this transition shown in the lower window pane. Find out which part of the VHDL code corresponds to this transition. Write your answer in the lab report.

“Problem 3” from textbook Chapter 4.2.3
· Comment out the circuit description for “Problem 2” and uncomment the circuit descriptions for “Problem 3”. Change the signal “state” to type “p3”. Re-compile and re-program the DE1 board. Verify the circuit behavior again those described in textbook Chapter 4.2.3.
· Use “Tool  Netlist Viewers  State Machine Viewer” to see the state diagram of this FSM. Compare the state diagram with that in Figure 4.3. 
· Highlight the arc between “press” and “wait_for_release” and record the “condition” of this transition shown in the lower window pane. Find out which part of the VHDL code corresponds to this transition. Write your answer in the lab report.

“Problem 4” from textbook Chapter 4.2.4
· Comment out the circuit description for “Problem 3” and uncomment the circuit descriptions for “Problem 4”. Change the signal “state” to type “p4”. Re-compile and re-program the DE1 board. Verify the circuit behavior again those described in textbook Chapter 4.2.4.
· Use “Tool  Netlist Viewers  State Machine Viewer” to see the state diagram of this FSM. Compare the state diagram with that in Figure 4.4. 
· Highlight the arc between “wait4” and “wait1” and record the “condition” of this transition shown in the lower window pane. Find out which part of the VHDL code corresponds to this transition. Write your answer in the lab report.

Exercise #2 “Problem 5” from textbook Chapter 4.2.5
· We will still work with the project “sequence” from previous exercise.
· Copy “fsm.vhd” from CH4_DE1_restored to the current project directory and to the project.
· In the “Project Navigator” window (on the top left) highlight “fsm.vhd”, right click to select “Set as Top-Level Entity”. The “top-level entity” is the main design of the current project. By default, the top-level entity is the entity with the same name as the project. However, we may force any design in the project to be the top-level.
· Re-compile and program DE1 board. This circuit was designed to solve “Problem 5” as described in textbook Chapter 4.2.5. 
· Record the hardware usage numbers and include those in the lab report.

Assignment (Blinking LED)
Textbook Chapter 4, Exercise Problem 5: Modify the design from previous problem such that the LEDR(0) will blink twice before it turns off. No “blinking” when LEDR(0) goes from OFF to ON. By “blinking twice”, we mean that the LEDR(0) was ON and then turns OFF, then turns ON and then turns OFF and turns ON again and then finally OFF. Note that if the FSM is running at 50MHz, it takes only 20ns between two states. This is too fast for human to see and therefore, must be slowed down for the blinking control. Perform the steps ‘a’ through ‘f’ as in previous problem. 

a. Draw a state diagram of the design. 
b. Draw a flowchart of the design. 
c. Write the complete VHDL codes. 
d. Compile the design and program the DE board to verify the design. 
e. Check the compilation report for hardware usages, i.e. “Total logic elements” and “Total registers”. 
f. Use “State Machine Viewer” to compare the state diagram created by Quartus II with the original design.

· Continue to work on the design from exercise #2.
· HINT: the amount of delay to create the “blinking” effect should be declared as a constant. Since this constant will be used in several places, it is easier to change only one number this way while experimenting with the appropriate value.
· Perform (a) or (b). Include a state diagram or a flowchart in the lab report.
· Include the modified “fsm.vhd” in the lab report.
· Record the hardware usage numbers and include those in the lab report.
· Include the print out from the “State Machine Viewer” in the lab report.

LAB4 Report						Name: ________________
																					Name: ________________

From Exercise#1:
1. From “Problem 2”: 
a. What is the signal name for the “debounce” circuit output shown in RTL view?

b. What is the “condition” for the transition from “wait_for_press” to “wait_for_release” as shown in the State Machine Viewer?

c. What is the part of the VHDL code describing this particular transition?




2. From “Problem 3”: 
a. What is the “condition” for the transition from “press” to “wait_for_release” as shown in the State Machine Viewer?

b. What is the part of the VHDL code describing this particular transition?



3. From “Problem 2”: 
a. What is the “condition” for the transition from “wait4” to “wait1” as shown in the State Machine Viewer?

b. What is the part of the VHDL code describing this particular transition?



From Exercise#2:
1. What were the hardware numbers on the compilation report summary?
		Total logic elements				___________ / 18,752  (_______ %)
			Total combinational functions	___________ / 18,752  (_______ %)
			Dedicated logic registers		___________ / 18,752  (_______ %)


From Assignment:
1. Attach the state diagram or the flowchart of the “blinking” design.

2. Attach the modified “fsm.vhd”.

3. Attach the print out from the “State Machine Viewer”.

4. What were the hardware numbers on the compilation report summary?
		Total logic elements				___________ / 18,752  (_______ %)
			Total combinational functions	___________ / 18,752  (_______ %)
			Dedicated logic registers		___________ / 18,752  (_______ %)








Grade: _____________



Assignment Verified by: ____________________________________	
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