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1. Document description:

This document describes the fifth full lab assignment for the Spring ’07 semester of EEL3705/3705L, Digital Logic Design.  The assignment is to be done the week of Tue. Mar. 13th – Mon. Mar. 19th.  
2. Assignment Synopsis:

In this short assignment, students will experiment with and modify a simple circuit for the FLEX 10K chip on the UP2 board that displays color graphical output to the VGA display.  This assignment has no pre-lab report requirement; the work is to be carried out in lab on the actual boards.

3. Educational Objectives:

This assignment is intended to:
1. Familiarize students with use of the FLEX 10K chip (as opposed to the MAX 7000 which they used in previous labs).

2. Teach students the basic concepts of raster-scanned displays and RGB color coding.

3. Show students an example of a working modular sequential circuit (VGA driver).

4. Teach students to design custom circuits that produce desired graphical output.

4. Design Objective:

In this assignment, your task is to test and experiment with a simple circuit for the FLEX 10K that produces graphical output on a VGA display, figure out how it works, and make certain desired modifications to the circuit to alter the graphical output.

5. Pre-Lab Preparation:
There is no written pre-lab report required for this assignment.  However, it will save you time in lab if you do the following before coming to lab:

1. In the UP2 guide, read about the VGA interface on:

a. Section “VGA Interface,” which goes from the bottom of page 12 through table 8 on the top of page 13.

b. Section “VGA Driver Operation,” on pages 25-27.

2. Download and examine in Quartus the example files VGAtest.zip, VGA_example.zip, and VGA_RGB_demo.zip, posted on Blackboard under COURSE LIBRARY > EXAMPLE CIRCUITS > VGA VIDEO DISPLAY EXAMPLES > COLOR TEST PATTERNS.
3. Read about how my VGA driver circuit (VGA_driver.bdf) works, in slides 11-19 of file “DL-fa06-m99-Designs-v3.ppt” under “Last semester’s (Fall ’06) Lecture Slides” in the Course Library > Lecture Slides area on Blackboard.  The VGA driver is used by all of the above examples, and you will likely want to use it in your own designs as well.
6. In-Lab Assignment

For this lab assignment, you do not have to write a full lab report in the usual format.  Simply go through the following steps, and write the answers to these questions in your lab notebook.  Next week turn in a lab report with your answers typed up in electronic form.

Steps/Questions:

1. The examples you will go through in this lab all use the FLEX 10K chip (on the right side of the UP2 board).  There is a set of jumpers on the board that will need to be moved in order to program the FLEX chip instead of the MAX10K.  Read the UP2 Guide to figure out how these jumpers should be set.  Write down an explanation of how to set them, and a sketch showing the jumper positions.

2. Unzip the first example file, VGAtest.zip, and open the project file in Quartus.  Is this a combinational or sequential circuit?  How can you tell?

3. What device is selected in this project?  (Assignments ( Settings ( Device).  How many LEs (logic elements) does this device have?  How does this compare to the number of LEs in the MAX 7000 device that you have been using in past assignments?

4. Compile the project and program it into the board (after setting the jumpers appropriately).  To see the output, unplug your computer monitor’s VGA cable from the computer and plug it into the board.  What do you see?  How many blue stripes are there?
5. To understand how the circuit works, look back through the materials (1) and (3) mentioned in the pre-lab above.  Looking at the schematic for this project, look at the uppermost counter, entity “counter_806”, instance “raw_col_counter”.  What is its purpose?  Explain what it is doing as the circuit runs, and why.  At what frequency does this counter update itself?  What is its upper limit, and why?
6. Explain the middle counter, entity “counter_525”, instance “count_raw_row.” What is this counter doing?  How often (at what frequency) is it actually incremented?  What is its upper limit, and why?

7. Explain the purpose of each of the comparators in the circuit.

8. Explain the lowermost counter, entity counter_64.  How often does this counter repeat?  What is the effect of the way its output bus is labeled?

9. Next, look at the VGA_example project.  In this project, most of the VGAtest circuit has been encapsulated into an entity called VGA_driver.  What are the meanings of the “row” and “col” outputs from this entity?  What are the meanings of the “rgb” inputs to this entity?  Explain.
10. Run the circuit and describe what you see.  Explain how the adder (entity add_10bit) produces the output that you see.

11. Finally, open the VGA_RGB_demo project and look at the top-level entity (still called VGA_example).  Note this example has some additional inputs.  What device on the board are they connected to?

12. Run the circuit, and manipulate the inputs appropriately to see all eight possible outputs.  What is going on here?  Explain how the circuit works.  Why do you see the colors that you see, where you see them?

13. Finally, figure out how to modify the circuit in VGA_RGB_demo so that:

a. the red area is a right isosceles triangle, as tall as the screen, with its right angle located at the bottom-right corner of the screen (and one of its points at the upper-right corner);

b. the green area is a narrow vertical strip, 50 pixels wide, going across the screen from center-left to center-right;
c. the blue area is a circle, 100 pixels in radius, centered in the middle of the screen (hint: you may need to use some multipliers)

The switches should still work in the same way.  Show the TA your working modifications, and get them to sign off on your lab notebook.  You’re done!






























M. Frank

Page 1 of 3

