LAB9		(DE1 version)	

Associated Files: DE1.qsf, and CH7_DE1.qar

Exercise#1: (Text Terminal)
· Create a new directory called “lab09” to hold all project directories from this lab.
· Restore CH7_DE1.qar so all VHDL codes in Chapter 7 are accessible.
· Create a new project called “Terminal” and copy/rename “Text_Terminal.vhd” from CH7_DE1_restored. 
· Import “vga_font.vhd” and “ascii_char_rom.mif”, “keyboard.vhd”, “scan_to_ascii.mif”,  and “debounce.vhd” to the current project.
· Use the “MegaWizard Plug-In Manager” to create “VGAPLL.vhd” (or copy from the CH7_DE1_restored”) with 25MHz pixel clock output.
· Use the “MegaWizard Plug-In Manager” to copy “vram.vhd”, “vrom.vhd” and “krom.vhd” from the “CH7_DE1_restored”.
· Import pin assignment, compile and then program the DE1 board. 
· Verify the design by typing on keyboard. Verify the “Enter” or return function, line wrap and screen scroll.
· Record the hardware usage numbers in the lab report.
· There are two window panes in the compilation report. On the left pane, expand “Fitter”, then “Resource Section”, and finally highlight “Resource Utilization by Entity”. The right window pane will display the detailed hardware usage numbers. Find the memory usages for the three memory components in this design and record them in the lab report.


Assignment#1: (Reducing Effective Screen Resolution)
The “Terminal” example above has a screen resolution of 80×60 characters on screen. Reduce the effective screen resolution to 40×30.
· Record the calculations for the VideoRAM size in the lab report. 
· Include the modified “VGA_font.vhd” in the lab report.
· Include the modified “Terminal.vhd” in the lab report.
· Record the memory usage of the new “vram” in the lab report.


Assignment#2: (Editing Fonts)
· Use “In-System Memory Content Editor” to load in the content of “vrom” (ID = FONT). The DE1 board must already been loaded with the above Terminal design from Assignment#1.
· As shown in the first table in the lab report, character “A” with ASCII code x”41” (or “1000001”) is located between “1000001000” (x”208”) to “1000001111” (x”20F”). Record the hexadecimal numbers for these eight memory location from the “In-System Memory Content Editor” and put them in the table in lab report. Then, convert the hexadecimal number to binary and finally, fill in the pattern in the middle of the table. When the corresponding bit is ‘1’, fill the square, and leave the square blank when the corresponding bit is ‘0’.
· Let us now implement a font for “∞”. We will use two fonts to form this one character: use ‘[’ (ASCII = x”5B”) to represent the left half and ‘\’ (ASCII = “5C”) to represent the right half. When typing ‘[’ immediately followed by ‘\’, we will see ‘∞’ displayed on screen. Use the second and the third tables in the lab report to create the patterns.
· Use “In-System Memory Content Editor” to replace the new fonts. Load the new contents to the circuit on FPGA and verify the new fonts by typing in ‘[\’. You may repeat the process of modifying the font pattern the upload it to the FPGA until the new font is acceptable.
· Remember that you have only change the memory content on the circuit current in FPGA. Once you turn off or reload the DE1 board the modified memory contents are lost. To save it, (a) “Edit  Export Data to File …” or (b) right click on “FONT” and select “Export Data to File …”. By default the file will be saved in a .HEX format. You may use either .HEX or .MIF format to save the file. To use the new file, simply go to “MegaWizard Plug-In Manager”, editing “vrom” and replace the memory content file with the new file.


Assignment#3: (Reducing Font Table Size)
The font table “vrom” with “ascii_char_rom.mif” supports 128 8×8 fonts. However, in many applications, we may reduce the number of fonts being supported. In this assignment, we will support only 32 8×8 fonts: from ASCII x“00” to x“1F” (a shortened 5-bit ASCII code). 
· Copy “ascii_char_rom.mif” to “ascii_char_rom_small.mif”. Double click on the file name to open “ascii_char_rom_small.mif” in the memory content editor. Use “Edit  Memory Size Wizard…” to change the font table size from 1024×8 to 256×8. This will leave only the first 32 fonts (ASCII x“00” to x“1F”) in the table.
· Use “MegaWizard Plug-In Manager” to change “vrom” also to 256×8 and with “ascii_char_rom_small.mif” as the memory content data.
· Record the modifications required for “VGA_font.vhd” in the lab report.
· There is no need to modify “Terminal.vhd”. It will continue to write 7-bit ASCII codes to the video memory but only the last five bits are saved since only a 5-bit shortened ASCII code is supported by the font table.
· Since the ASCII code shortening from 7-bit to 5-bit is accomplished by dropping the two MSBs, ASCII x“00”, x“20”, x“40” and x“60” all map to font ‘α’. Verify this with other fonts.


LAB9 Report					Name: ________________
																					Name: ________________

From Exercise:
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  (_______ %)
Total memory bits			___________ / 239,616 (_______ %)

2. What are the detailed memory component usages in this design?

	
	Memory Bits
	M4Ks

	For “krom” inside “keyboard”
	
	

	For “vram” inside “VGA_font”
	
	

	For “vrom” inside “VGA_font”
	
	




From Assignment #1: 
1. Show the calculations for the VideoRAM (“vram”) size. 





2. Include the modified for “VGA_font.vhd”.

3. Include the modified “Terminal.vhd” in the lab report.

4. Record the memory usages for the reduced screen resolution design.

	
	Memory Bits
	M4Ks

	For “krom” inside “keyboard”
	
	

	For “vram” inside “VGA_font”
	
	

	For “vrom” inside “VGA_font”
	
	


From Assignment #2: 
1. Font pattern for “A” (ASCII = x”41” or “1000001”) 
	Address
	
	
	
	
	
	
	
	
	Binary
	Hex

	X”208”
	
	
	
	
	
	
	
	
	
	00

	X”209”
	
	
	
	
	
	
	
	
	
	18

	X”20A”
	
	
	
	
	
	
	
	
	
	

	X”20B”
	
	
	
	
	
	
	
	
	
	

	X”20C”
	
	
	
	
	
	
	
	
	
	

	X”20D”
	
	
	
	
	
	
	
	
	
	

	X”20E”
	
	
	
	
	
	
	
	
	
	42

	X”20F”
	
	
	
	
	
	
	
	
	
	00




2. New Font pattern for “[” (ASCII = x”5B” or “1011011”)  (Left half of ∞)
	Address
	
	
	
	
	
	
	
	
	Binary
	Hex

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	




3. New Font pattern for “\” (ASCII = x”5C” or “1011100”)  (Right half of ∞)
	Address
	
	
	
	
	
	
	
	
	Binary
	Hex

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	




From Assignment #3:
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  (_______ %)
Total memory bits			___________ / 239,616 (_______ %)

2. What are the detailed memory component usages in this design?

	
	Memory Bits
	M4Ks

	For “krom” inside “keyboard”
	
	

	For “vram” inside “VGA_font”
	
	

	For “vrom” inside “VGA_font”
	
	



5. The new “vrom” size with 32 8×8 fonts is 256×8; show how the memory size is derived.. 






6. Show your calculation for “vram” size: now storing 5-bit shortened ASCII codes.








7. Include the modified “VGA_font.vhd” in the lab report.



Grade: _____________


Assignment Verified by: ____________________________________	
1

