University of Toronto
Faculty of Applied Science and Engineering

Test I — February 22, 2010
BA 2155

ECES32S - Digital Systems Design

Examiner — Paul Chow

1. There are 3 questions and 9 pages. Do all questions. The total number of marks is 50. The duration
of the test is 50 minutes.

ALL WORK IS TO BE DONE ON THESE SHEETS! Use the back of the pages if you need more
space. Be sure to indicate clearly if your work continues elsewhere.

(58]

3. Faculty approved calculators are permitted.

4. Closed book. No aids permitted.
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1. Starting with some short answer questions:

[S marks] (a) Explain or define the following jargon/terms associated with using the Xilinx tools and board as
if you were speaking to a classmate that has no knowledge of the environment you are using:
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[2 marks] (b) What does the keyword volatile mean in a C program?
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[1 marks] (c) What is the modelsim command to set a signal called Input_Enable to the value zero?
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[2 marks] (d) The FPGA on the board you are using is programmed via JTAG. What is JTAG? (Note: Explain-
ing the letters of the acronym is not the desired response.)
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[25 marks] 2. Knowing that you have experience with FPGA designs and the Xilinx XUP board, the first project
assigned to you at your new job is to prototype a system that takes in multiple video streams and then
displays the videos on a single monitor in several ways ranging from just picking one of the videos
for output, to various options displaying multiple videos at once, such as picture-in-picture, or tiling
the videos. Note that some video scaling hardware will be required because the videos may need to
be scaled in size.

The system will have four digital cameras as inputs and one output monitor. The video resolution is
1024 x 768 pixels for the cameras and the output. The cameras and monitor use non-interlaced video
at 60 frames per second, meaning a complete frame is transmitted every 1/60th of a second. The
digital cameras output RGB video with eight bits per colour on a 24-bit bus with some added control
signals that provide the clocking and video sync pulses. The output video stream is also in RGB mode
with eight bits per colour.

The camera interfaces have a number of configuration registers that are accessed via a two-bit serial
bus protocol called IIC, or I2C. You note that the Xilinx EDK library includes an IIC controller for
the PLB bus.

You know that it is important to be able to easily debug and control your system, so you will include
a processor and a means for it to get input from a keyboard and print messages.

You will design an FPGA-based prototype of this video switching and display system. As with all
initial design specifications, there is probably not enough information. Under normal cases, you
should be asking more questions. In this case, you cannot do this so clearly state any assumptions you
need to make.

You will develop your system with the XUP board connected to a host PC that runs all of the tools
you need. A daughter card containing the four camera interface chips is provided. The daughter card
will be designed to plug into the connectors on the XUP board. Assume that you have enough pins on
the board and the FPGA to do what you need to do.

Draw a block diagram of your proposed system with enough detail so that it could be presented at a
design review of your peers where they can provide comments.

Your diagram must show all of the necessary components, including the external chips, how the
components are connected and how they are implemented (indicate clearly whether a component is in
FPGA logic, an external chip, etc.). Do not forget to sketch out how the daughter card should work.
To help the reviewers understand the design environment, you should include how the prototype is
connected to the PC and how it interacts with the tools.

For each block in your diagram, briefly explain the function of the block and whether it is custom-
designed logic or a block that you know is available from the EDK library of IP. If the block is custom,
indicate whether you have to write it from scratch or whether there is a tool that can help you.

Include bandwidth estimations to show that your architecture is capable of sustaining the necessary
data rates.

The evaluation of your solution will also be based on how easy it is to understand! Clarity of presen-
tation is very important.

There is more space on the next three pages to answer this question.
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Question 2 continued. ..
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Question 2 continued. . .
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[15 marks] 3. Describe the basic CAD flow for an FPGA by showing a flow diagram and explaining each of the

steps in the flow. Be sure to show where various types of simulations can be done. You should include
the following steps, which are not listed in any particular order: timing simulation, placement, Verilog
entry, gate optimization, synthesis, bitstream generation, design specification, technology mapping,

netlist generation, physical design, routing, static timing analysis. Note that the list is not necessarily

‘~ the complete list of steps.
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Question 3 continued. . .
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