LAB10		(DE1 version)	

Associated Files: DE1.qsf, and CH8_DE1.qar

Exercise #1:
· Create a new directory called “lab10” to hold all project directories from this lab.
· Restore CH8_DE1.qar so all VHDL codes in Chapter 8 are accessible.
· Create a new project called “Echo” and copy/rename “Echo_test.vhd” from CH8_DE1_restored. 
· Import “i2c.vhd” and “Audio.vhd” to the current project.
· Use the “MegaWizard Plug-In Manager” to copy “AudioPLL.vhd” and “Aram.vhd” from the CH8_DE1_restored.
· Import pin assignments, compile and then program the DE1 board. This is the circuit to test the echo audio effect, refer to textbook Chapter 8.1.4. Provide an audio source connect to LINE IN via an audio cable and connect earphones or speakers to LINE OUT. SW(0) = ‘0’ for no echo and SW(0) = ‘1’ for echo.
· Record the hardware usage numbers in the lab report. (method 1)

Textbook Chapter 8, Problem 4
· Implement the alternate method to generate the echo audio effect. In this case, the mixing of new and old digital audio data occurs before it is saved to the audio memories. Implement this alternate method for the “left channel” only. Use SW(1) to control echo or no echo for the left channel. The right channel circuit remains untouched. Modify “Echo.vhd” accordingly. Include the modify VHDL file in the lab report.
· The generations of “L_echo” and “L_out” are modified.
· Re-compile and then program the DE1 board. Verify the design such that:
· SW(0) work correctly to control the ON/OFF of echo on the right channel.
· SW(1) controls the ON/OFF of echo on the left channel.
· Make SW(0) = SW(1) = ‘1’ and compare the effects of these two methods.
· Record the hardware usage numbers in the lab report. (methods 1+2)

Exercise #2:
· Create a new project called “Synthesizer” and copy/rename “Audio_Gen.vhd” from CH8_DE1_restored. 
· Import “i2c.vhd”, “Audio.vhd”, “wavetable.vhd”, “random_LFSR.vhd” and “random_LCG.vhd” from CH8_DE1_restored to the current project.
· Use the “MegaWizard Plug-In Manager” to copy “AudioPLL.vhd” to the current project.
· Import pin assignments, compile and then program the DE1 board. This is the circuit to test the generations of digital audio signals. Refer to textbook Chapter 8.2 for the generation of digital audio signals. The digital audio is available only on the right channel. The left channel simply bypass from LINE IN to LINE OUT, i.e. Lout = Lin.
· SW(9:8) = “10”  white noise generated by LFSR
· SW(9:8) = “11”  white noise generated by LCG
· SW(9) = “0”  Wavetable synthesizer
· SW(8) = 0 for sine wave and SW(8) = 1 for square wave.
· SW(7:0) = output frequency.
· Record the hardware usage numbers in the lab report.

Assignment: (Keyboard Synthesizer)
The assignment is to add the keyboard as an input device to the digital audio generation circuit and turn it into a keyboard synthesizer. We will start by designing a simple synthesizer, and then add the echo audio effect to the synthesizer.

Step 1: (Chapter 8, Problem 11)
· Use the “Synthesizer” project from exercise#2 directly. First, modify synthesizer.vhd by: 
· Remove or comment out the random number generators. Optionally, remove the random number generators from the project file list.
· Import “keyboard.vhd” and “debounce/vhd” to the current project directory.
· Modify the entity declaration part of Synthesizer.vhd by adding PS/2 signals.
· A new FSM that perform handshaking with the keyboard.vhd and generate a signal called “freq” shall be added to the design. Draw a functional block diagram (based on Figure 8.17) of the new design and include it in the lab report. (Step1) 
· The new FSM will translate keyboard scan codes, for keys ‘0’ to ‘9’, to frequency numbers and send the frequency number, “freq”, to wavetable synthesizer. The “freq” is a 16-bit unsigned number (no fractional part) in the form of “std_logic_vector(15 downto 0)”. 
· Draw a flowchart of this new FSM. The “break codes” handling part is similar to that in Figure 5.15, and the scan code to “freq” translating part is similar to that in Figure 5.22. Include this flowchart in the lab report. (Step1)
· The frequency numbers can only be integer and so 261.63Hz is treated as 261Hz or 262Hz, such that “freq <= std_logic_vector(unsigned(262, 16));”.
· Finalized the modifications to Synthesizer.vhd by adding the VHDL codes for this new FSM and include it in the lab report.  (Step1)
· Compile and program the DE1 board to verify the design. SW(8) still controls the selection between sine and square waves.
· Record the hardware usage numbers in the lab report.

Step 2: (Echo audio effect)
· The Synthesizer outputs only to the right channel and therefore, we need only one audio memory to realize the echo audio effect for the right channel only.
· Use the “MegaWizard Plug-In Manager” to copy “Aram.vhd” to the current project.
· Draw a functional block diagram of the new design. The output of the wavetable synthesizer will go to the audio memory not directly to the audio interface. Another FSM will mix the new and the old digital audio data and send it to the audio interface. Implement the original echo method as describe in the textbook Chapter 8.1.4. Use SW(0) to control the ON/OFF of echo effect. Include the functional block diagram in the lab report. (Step2)
· Draw the flowchart for the new FSM that controls the echo audio effects and attach it to the lab report. (Step2)
· Finalized the modifications to Synthesizer.vhd and include it in the lab report.  (Step2)
· Compile and program the DE1 board to verify the design.
· Record the hardware usage numbers in the lab report.
LAB10 Report					Name: ________________
																					Name: ________________

From Exercise#1: (method 1)
1. What were the hardware numbers on the compilation report summary? (method 1)
		Total logic elements				___________ / 18,752  (_______ %)
			Total combinational functions	___________ / 18,752  (_______ %)
			Dedicated logic registers		___________ / 18,752  (_______ %)
Total memory bits			___________ / 239,616 (_______ %)

2. What were the hardware numbers on the compilation report summary? (method 1+2)
		Total logic elements				___________ / 18,752  (_______ %)
			Total combinational functions	___________ / 18,752  (_______ %)
			Dedicated logic registers		___________ / 18,752  (_______ %)
Total memory bits			___________ / 239,616 (_______ %)

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: 
Step 1:
1. Attach the functional block diagram (Part1).
2. Attach the flowchart of the keyboard handling FSM (Part1).
3. Attach the modified “Synthesizer.vhd” (Part1).
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  (_______ %)
Total memory bits			___________ / 239,616 (_______ %)


Step 2:
1. Attach the functional block diagram (Part2).
2. Attach the flowchart of the keyboard handling FSM (Part2).
3. Attach the modified “Synthesizer.vhd” (Part2).
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  (_______ %)
Total memory bits			___________ / 239,616 (_______ %)







Grade: _____________


Assignment Verified by: ____________________________________	
4

