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Lab Project 5

Timing Recovery

Purpose

To design and implement a receiver circuit that is capable of recovering the bit clock timing from the received signal.

To develop and submit a formal technical report on the results.

Background

In the receiver we have constructed so far, bits are sampled half a bit-period or so after they are transmitted.  The receiver’s flip-flop is triggered directly by the transmitter’s clock, which requires running a pair of wires to the receiver in addition to the infrared data channel.  In most communication systems only the data channel is available, and the bit timing must be recovered from the data stream itself.  Timing recovery is difficult if the received data stream is distorted or very noisy, but if the received waveform is reasonably nice, the bit transitions can be used to help the receiver guess the times at which the transmitter clock is changing.  Once you know the transmitter clock frequency and the times at which edges occur (clock phase) in the data, then you know everything you need to know, and you can generate your own receiver bit clock.


The traditional way of recovering bit timing is to build a digital version of a phase-locked loop, also known as a delay-locked loop.  We will learn more about phase-locked loops in a later lab.  In this lab you will design and build a simple circuit to generate the receiver bit clock for your IR system.  The idea is this:  Generate a clock that runs at 16 times the frequency you really want (you can use a function generator for this, or you can build another 555 timer circuit), and then use a counter to divide the frequency down to the clock rate of your transmitter.  Design your counter so that it resets whenever it detects an edge in the received data stream.  Let the counter generate a rising-edge output to trigger the data recovery D flip-flop (already a part of your receiver) whenever the count reaches eight.  If there are no edges in the received data stream, the counter wraps around from fifteen to zero, and generates another edge for the data recovery D flip-flop when the count gets back to eight.  Hint: You can build an edge detector based upon a second D flip-flop (call it the edge detection DFF)!

Since a resettable counter can require substantial digital circuitry, you should use a second GAL22V10 in the timing-recovery circuit.  Your PSG GAL will be used in this lab and a later lab, so do not reprogram it.
Prelab
1.
Draw a block diagram of your timing recovery system.  Since the timing recovery system will be implemented on a single GAL chip, the initial diagram will be one block with the input and output signal lines shown and labeled.

2.
Draw an expanded block diagram, showing subsystems (counter, edge detector) drawn with standard logic gate notation.

3.
Draw a state diagram showing the sequential operation of your system.

3.
Draw a timing diagram (by hand), showing the sequencing of critical events.

4.
Include the Verilog code implementing your system on a GAL.

5.
Show simulation results verifying that your design works correctly.  Annotate the results so that a reader who is not familiar with your design can see that it is working properly.

6.
Provide a schematic diagram (one GAL chip) with inputs and outputs labeled, and pin numbers shown.
Procedure
1.
Set up the infrared communication system.  Place the transmitter LED and receiver phototransistor one-to-two feet apart.  Verify that the system is operating correctly.

2.
Add your timing recovery GAL to the receiver and verify that the enhanced receiver is operating correctly.  Capture a set of oscilloscope waveforms to verify that your receiver is operating correctly and to show the clock recovery process.  Verify the operation of your timing recovery system by showing the bit clock and recovered clock waveforms.
3.
Measure and record the maximum transmitter-receiver spacing over which your circuit continues to work properly.  Identify the factor that limits the distance (i.e. what fails first?).
4.
Demonstrate your system to your instructor, and obtain his signature in your lab notebook verifying that the system has been demonstrated.

5.
 When the project is complete, DO NOT DESTROY OR DISASSEMBLE YOUR PSEUDORANDOM SEQUENCE GENERATOR, as it will be used in a later lab project.

Report

A formal technical report is required from each laboratory group.  The report is to serve two purposes.  First, the report is the formal documentation for your group’s infrared communication system.  Second, the report informs the instructor about your group’s success in developing a timing-recovery circuit, and records design innovations that your group introduced to accomplish this goal.


The report is due in lab class on April 21 or 23 depending on when you attend lab.  The report must conform to Section 5.4 of the Department of Electrical and Computer Engineering Guidelines and Standards for Writing Assignments.  In addition, the report must contain

· A title page containing the name of the project, the names of the students submitting the report, and the date of the report.

· A summary as indicated in the Writing Standards.  The summary is to be no more than a page in length (hopefully much shorter), and is to be on a page by itself, placed immediately after the title page.  Please try to be precise in summarizing your work.  Try to avoid vague general statements like “The project worked O.K. and the results were as expected,” as the instructor probably has no idea what you consider O.K. and what kind of results you expected.  Do not repeat what is written in the lab handouts or the lab schedule, but rather describe what you tried to accomplish and how well you succeeded. 
· Include in the body of the report complete and accurate block diagrams and schematics of your finished communication system and your timing recovery system.  (Of course the body includes more content that the diagrams.) Use a template and a ruler or a computer program to draw the schematics.  Make sure that standard symbols are used whenever possible, that all components are labeled, that pin numbers are shown for IC’s, and that IC packages are identified by U-numbers.  If you use schematic capture software to generate your schematic, be sure that the diagrams are complete and accurate, and that labeling is complete and correct.  Make sure that the diagram and labels are large enough to be read by an instructor whose eyesight is not what it once was.  You may break the schematic into several sheets if doing so improves clarity.  Be sure that all tables and figures are numbered and that each has a descriptive name.  (“Figure 2” is the figure number, not the descriptive name.)  Refer to each table and figure in the text of the report.
 ( (Note:  Do not title the report body “Body.”  Call it “Results” or “Design Description,” or some other meaningful term.)
· Also include in the body of the report a complete set of waveform captures from a single setting that verifies the operation of your system from start to finish.  Think carefully about which waveforms to include and how to combine them in scope screen captures.

· Be sure to document very clearly the timing recovery system that you designed and implemented.  Show clearly the measurement setup that you used to verify that the enhanced system was working correctly and to determine its operational limits.  You do not need to include descriptions of ideas that did not pan out or circuits you tried that did not work.  A formal report documents the results, and is not a narrative recounting how you got there.

· Your formal report should include a conclusions section summarizing your work and the efficacy of your design.  In addition, address the following issues:

· Discuss any unresolved problems in circuit operation, and why they remain unresolved

· Discuss the quality of the recovered data and clock waveforms.

· Discuss the “rough spots” in your lab experience.

· Provide advice to students taking this lab in the Spring term.

· Optional.  It is often very helpful to include an appendix in a formal report.  The appendix contains material that is included for completeness, but that you do not expect the reader to read.  An appendix typically contains items such as:

The laboratory instructions for the project.

A copy of original data.  (The original original data is in your lab notebook.)

Theoretical predictions.

Sample calculations.

Verilog or ABEL code used to specify the programmable parts in your system  

Raw computer output (Maple, for example).

Equipment lists.

References.

Note:  Graphs based on data taken in lab should be put in the report body, unless you do not expect the reader to look at them!
The “formal” in formal report refers to the format, and not to the length of the report.  Please make your report concise; a few pages will suffice in most cases.  Put some care into the preparation of your report.  The circuit will be dismantled when the project is over, as you will need the breadboard and components for other lab work.  The report, not the circuit, is the “permanent” part of the work!
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