LAB7		(DE1 version)	

Associated Files: DE1.qsf, and CH6_DE1.qar

Exercise #1
· Create a new directory called “lab07” to hold all project directories from this lab.
· Restore CH6_DE1.qar so all VHDL codes in Chapter 6 are accessible.
· Create a new project called “moving_pixel” and copy/rename “VGA_timing_singlepixel.vhd” from CH6_DE1_restored. 
· Import “vga_basic.vhd” to the current project.
· Create a PLL using the “MegaWizard Plug-In Manager”. Refer to Chapter 6.1.2 for the creation of a PLL. Make the output clock frequency 25MHz as shown in Figure 6.5. Name the PLL “VGAPLL.vhd”. A VGAPLL.qip will show up in the “Project Navigator” window.
· Import pin assignments, compile and then program the DE1 board. A pixel should appear on the monitor and is moving down and right initially. The color of the pixel is partially determined by SW(8 downto 0): R  SW(8:6), G  SW(5:3) and B  SW(2:0).
· Refer to textbook Chapter 6.1.5 (specifically the part on reducing effective screen resolution on page 207). Reduce the effective screen resolution by 8 as described in the textbook. Recompile and re-program the DE1 board to verify the modified design. Attach the modified “moving_pixel.vhd” in the lab report.

Textbook Chapter 6, Problem 1: 
· Calculate the parameters for SVGA. Report the results in the report.
· Use “MegaWizard Plug-In Manager” to modify the PLL for the new pixel clock frequency.
· Modify “VGA_basic.vhd” accordingly. Include the modified VHDL codes in the lab report.
· Since the screen size has changed, modify “moving_pixel.vhd” accordingly. Include the modified VHDL codes in the lab report.
· Re-compile and re-program the DE1 board. Verify the design. 

Exercise #2
· Create a new project called “Bouncing_Ball” and copy/rename “VGA_VRAM.vhd” from CH6_DE1_restored. 
· Import “vga_mem.vhd” to the current project.
· Create a PLL called “VGAPLL.vhd” as in exercise #1 and make the output frequency 25MHz.
· Create a 32K x 3 “RAM: 2-PORT” using “MegaWizard Plug-In Manager” as described in textbook Chapter 6.2.2. 
· This video RAM is called “vram.vhd”
· How will you be using the dual port RAM?  “With two read/write ports”
· How do you want to specify the memory size?  “As a number of words”
· How wide should be the “q_a” output bus be?  “3”
· How many 3-bit words of memory?  “32768”
· What should the memory block type be?  “Auto”
· What clocking method do you want to use?  “Dual clock: use separate clocks…
· Which ports should be registered?  unchecked “Read output port(s)”
· Do you want to specify the initial content of the memory? “No, leave it blank”
· Import pin assignments, compile and program the DE1 board. If the design is correct, you should see a ball moving on screen and bouncing off the boundaries. The ball’s moving speed is controlled by SW(3:0) and the color is partially determined by SW(8:7).
· Record the hardware usage numbers in the lab report. 

Assignment 
Use the “Bouncing_Ball” design project from exercise #2. The “Bouncing_Ball” example used only 98,304 bits or 41% of Cyclone II’s built-in memory. Modify the design so it uses SVGA 800x600 screen resolution. 
· Use the timing parameters derived in exercise #1 to modify “VGA_mem.vhd”.
· Use “MegaWizard Plug-In Manager” to edit the PLL for the new pixel clock frequency. 
· While keeping the color depth at 3-bit, determine the Video RAM size for the new screen resolution. Edit vram.vhd (using “MegaWizard Plug-In Manager”) for the new memory size. 
· Modify “VGA_mem.vhd” to accommodate the new Video RAM size.  Include the modified VHDL codes in the lab report.
· Finally, modify “Bouncing_Ball.vhd”.  Include the modified VHDL codes in the lab report.
· Record the hardware usage numbers in the lab report. 








LAB7 Report					Name: ________________
																					Name: ________________
From Exercise #1:
1. Attach the modified “moving_pixel.vhd”.
2. For Problem 1
a. Parameters for SVGA:
i. Pixel clock frequency:
ii. Region a = ____________, b = __________, c = 800, d= __________.
b. Attach modified “VGA_basic.vhd”.
c. Attach the modified “moving_pixel.vhd” (marked problem 1).

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

From Assignment:
1. Attach modified “VGA_mem.vhd”.
2. Attach the modified “Bouncing_Ball.vhd” .
3. 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 (_______ %)

Grade: _____________

Assignment Verified by: ____________________________________	
Important notice: Tables 6.2 and 6.3 were incorrect. See below for the correct tables, or see the “Erratas” from the “Resource” page of the book’s website at: 
http://www.terasic.com.tw/cgi-bin/page/archive.pl?Language=English&No=945&PartNo=1

Table 6.2: Horizontal Timing
	VGA mode
	Horizontal Timing Specifications

	Configuration
	Resolution(H×V)
	a(s)
	b(s)
	c(s)
	d(s)
	Pixel clock (MHz)

	VGA (60Hz)
	640×480
	3.8
	1.9
	25.4
	0.6
	640/c

	VGA (85Hz)
	640×480
	1.6
	2.2
	17.8
	1.6
	640/c

	SVGA (60Hz)
	800×600
	3.2
	2.2
	20.0
	1.0
	800/c

	SVGA (75Hz)
	800×600
	1.6
	3.2
	16.2
	0.3
	800/c

	SVGA (85Hz)
	800×600
	1.1
	2.7
	14.2
	0.6
	800/c

	XGA (60Hz)
	1024×768
	2.1
	2.5
	15.8
	0.4
	1024/c

	XGA (70Hz)
	1024×768
	1.8
	1.9
	13.7
	0.3
	1024/c

	XGA (85Hz)
	1024×768
	1.0
	2.2
	10.8
	0.5
	1024/c

	SXGA (60Hz)
	1280×1024
	1.0
	2.3
	11.9
	0.4
	1280/c



Table 6.3: Vertical Timing
	VGA mode
	Vertical Timing Specifications

	Configuration
	Resolution(H×V)
	va(lines)
	vb(lines)
	vc(lines)
	vd(lines)

	VGA (60Hz)
	640×480
	2
	33
	480
	10

	VGA (85Hz)
	640×480
	3
	25
	480
	1

	SVGA (60Hz)
	800×600
	4
	23
	600
	1

	SVGA (75Hz)
	800×600
	3
	21
	600
	1

	SVGA (85Hz)
	800×600
	3
	27
	600
	1

	XGA (60Hz)
	1024×768
	6
	29
	768
	3

	XGA (70Hz)
	1024×768
	6
	29
	768
	3

	XGA (85Hz)
	1024×768
	3
	36
	768
	1

	SXGA (60Hz)
	1280×1024
	3
	36
	1024
	1
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