LAB6		(DE1 version)	

Associated Files: DE1.qsf, and CH5_DE1.qar

Exercise #1
· Create a new directory called “lab06” to hold all project directories from this lab.
· Restore CH5_DE1.qar so all VHDL codes in Chapter 5 are accessible.
· Create a new project called “keyin” and copy/rename “keyboard_handshaking.vhd” from CH5_DE1_restored. Remember to change the entity name to “keyin”.  Keep both versions of the design: original version and FIFO version (commented out).
· Import “keyboard.vhd”, “debounce.vhd” and “sevenseg.vhd”.
· Import pin assignments, compile and program the DE1 board. Verify that the scan code is shifted into the 7-seg displays when a key is hit. This circuit should work perfectly with any key with a 1-byte make code. Refer to textbook Chapter 5.2, Figure 5.8 for scan codes.
· Try a key with a two-byte make code and see if x”E0” shows up in the displays as described in the textbook.
· For “keyin.vhd”, comment out the “original version” and uncomment the “FIFO version”. Re-compile and then re-program the DE1 board. Verify that this version functions exactly the same as that of the original version.
· Modify the “keyin.vhd” such that the two-byte make codes and their associated break codes are handled correctly. Re-compile and then re-program the DE1 board. Verify that x”E0” is no longer shown in the displays.
· Record the hardware usage numbers in the lab report.

Exercise #2 (Ticker Display)
· Create a new project called “Super_Ticker_Dsiplay” and copy/rename “Keyboard_Ticker_Display.vhd” from CH5_DE1_restored. The process “Rcv_from_keyboard” has three different versions of handling keyboard inputs. Pick one version and delete the other two.
· Import “keyboard.vhd”, “debounce.vhd” and “sevenseg_mod.vhd”. The “sevenseg_mod.vhd” has x‘0’, x’2’, x’3’ and x’9’ modified so they display “character/pattern” not digits.
· Import pin assignments, compile and program the DE1 board. Verify the circuit behavior as described in the textbook. The user command keys are: G, S, L and R.
· Record the hardware usage numbers in the lab report.

Assignment (Super Ticker Display)
The assignment is to improve on the basic ticker display design from exercise #2 above. You do not need to create a new design project but simply modify the codes from exercise #2. The three upgrades are based on three exercise problems from Chapter 5 of the textbook. These three upgrades should be performed in sequence as described below. This is a divide-and-conquer method complex designs.
 
Textbook Chapter 5, Problem 13: 
Modify the Ticker Display design in section 5.4 such that the controls are from the arrow keys of the keyboard: left and right arrows for the directions, up arrow for “go” and down arrow for “stop”. 
· This can be easily accomplished by replacing the scan code values in the checking of FSM “Rcv_from_Keyboard”.
· Modify the FSM VHDL codes accordingly. Include the modified VHDL (marked problem 13) in the lab report.
· Re-compile and re-program the DE1 board. Verify that the controls are now from arrow keys. 

Textbook Chapter 5, Problem 14: 
Further modify the Ticker Display design such that the ticker display speed is no longer controlled by the SW(3 downto 0) inputs, but is from the keyboard. The keys ‘0’ to ‘F’ will represent a hexadecimal number that replaces SW(3 downto 0).
· Use the modified circuit from previous problem.
· Add a new 4-bit signal to hold the number for “speed”.
· Modify the scan code checking part again to add the checking for ‘0’ to ‘F’ keys; and assign the appropriate values to the new 4-bit signal accordingly.
· Modify the FSM “display_clock” such that the increment is the new 4-bit signal not the original “SW(3 downto 0)”.
· Redraw flowchart in Figure 5.15 so the changes in both problems 13 and 14 are included. Include the modified flowchart (marked problems 13 &14) in the lab report.
· Modify the FSM VHDL codes accordingly. Include the modified VHDL (marked problem 14) in the lab report.
· Re-compile and re-program the DE1 board. Verify that the controls are now from arrow keys and that the display speed is controlled by the numeric keys. 

Textbook Chapter 5, Problem 20: 
ESC (scan code = x”76”) has been used in many applications to get user out of a bind. Therefore, we often consider “ESC” key as having a special place in the design. We may incorporate the “ESC” key into the Ticker Display design to serve as the “soft reset” key. By “soft reset” we mean that the result of hitting “ESC” key will reset most of the circuits back to their initial states. In this case, the keyboard related circuits are not reset by “ESC”. Therefore “ESC” will reset only the “Ticker_Display” FSM and optionally the Slow Clock Generator.
· Create a new signal called “soft_reset”.
· Modify the scan code checking in FSM “Rcv_from_Keyboard” so when “ESC” is hit, “soft_reset” = ‘1’. Force “soft_reset” back to ‘0’ at state “DONE” or when sending “ack” = ‘1’ to keyboard. The signal “soft_reset” will be used to reset the other FSMs, Therefore it can only stay at ‘1’ for a short time, i.e. one clock cycle in this case.
· Modify both “Ticker_Display” and “display_clock” by adding “soft_reset = ‘1’” as an additional condition to reset the FSMs. Remember that Key(0) will still reset these two FSMs. 
· Modify the VHDL codes accordingly. Include the modified VHDL (marked problem 20) in the lab report.
· Re-compile and re-program the DE1 board. Verify that the controls are now from arrow keys, that the display speed is controlled by the numeric keys and the “ESC” key will reset the circuits. 
· Record the hardware usage numbers in the lab report.


LAB6 Report						Name: ________________
																					Name: ________________
From Exercise#1:
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 Exercise#2:
2. 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. For Problem 13
a. Attach modified VHDL codes.
2. For Problem 14
a. Attach modified flowchart. (for both problems 13 & 14)
b. Attach modified VHDL codes.
3. For Problem 20
a. Attach modified VHDL codes.
b. 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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