5. Lab Exercises 

5.1 Use the Multimeter to Measure the Power Supply's Voltage 

1. Use banana leads to connect the output of the power supply to the input of the multimeter. Use black for common, red for power. 

2. Adjust the supply to simultaneously generate +12V, -12V, and +5V, and measure this with the multimeter. Show your TA this. 

5.2 Observe the Pulse Generator's Output with the Scope

1. Connect the output of the HP 8112A Pulse Generator to Channel 1 of the scope using a coaxial cable with BNC ends. 

2. Set the pulse generator to generate a 10 kHz, 45% duty cycle, 4 volt peak-to-peak, zero volt offset (i.e., peaks at (2V) square wave. 

3. Display this square wave using the STORE mode of the scope. In the STORE mode, use the cursors to verify the pulse width, frequency, and voltages. Show your TA this. 

4. Set the pulse generator to generate a 10 MHz, 0-5V square wave with a 40ns pulse width. 

5.   Again, store the display, and verify the pulse width, frequency and voltages. Show your TA this

5.3 Clock Quality Measurements

· Clock Overshoot, Undershoot, Ringback
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· Clock Ringing Settling Time
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5.4 Oscilloscope Measurements

· Probe a clock signal at top right pin of quartz crystal. Make sure your scope is well grounded (for example at TP2):

· Modify the triggering parameters until you obtain a stable signal (Draw 1 period)

· Turn bandwidth limitation on, draw signal and explain what you observe to a TA.

· Modify the coupling to AC and explain what you observe

· Use the cursors to measure 

· 1 period of waveform

· rise time (0 to 100%)

· fall time (0 to 100%)

· Overshoot settling time

· Play with the vertical scale to get an adequate measurement of :

· Voltage overshoot

· Voltage undershoot

· Peak to Peak voltage

· Use the measuring buttons to get:

· Period

· Frequency

· Duty Cycle

· Peak to Peak voltage

· Average Voltage

· RMS Voltage

· Compared the measured output with the calculated values. Can you explain the differences?

· Use both channels of the oscilloscope. Probe the 27 MHz clock signals on PIN 3 of Y5. This signal is fed to the FPGA divided by two and sent out through location G2. With the other logic analyzer probe take a look at this test point. Use the cursors to measure the delay between both signals (rising and falling edge). How do you explain this delay?

5.5 Logic Analyzer Measurements

5.3.1 Measure Prop Delay

We have implemented a little circuit as follows:
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The contents of SW10 and the counter are added with a simple ripple carry adder. What is the worst case delay of this circuit? Most likely it will be the generation of the carry out bit since it is the result of the carry signal rippling through all the sum stages. In this exercise you will measure this delay with both the logic analyzer and the oscilloscope.

· Configure the logic analyzer so that you can see the addend (counter), the partial sum and the carry out bits.

· Set the trigger so that you can measure the time between SUM[0] being asserted and the carry out bit being asserted.

· Perform the same measurement with both probes of the oscilloscope

· Why is there a difference in the measurements? 

· What is the minimum delay that our logic analyzer can measure

5.3.2 State Sequencing

We have implemented a simple finite state machine in the hardware. You need to figure out the state sequence. It is a four bit state and it is visible on pads {AK38, AK39, AL36, AL37} from MSB to LSB.

· Determine the reset state (SW1)

· Determine the state sequence starting from reset

· Do any of SW1, SW2, SW3, SW5 have an effect on the state sequence? If so what?
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