Maﬂ\ o —| ) \

EE 469/569 Advanced Digital System Design — Final =~ Name: \\

You have 2 hours to work this test. This test is open book, open notes, but no sharing of books
or notes during the test is permitted.

1. Consider a 10-mil-wide circuit trace located 5 mils over a ground plane with FR-4 !
dielectric (g, = 4.2). The trace is routed microstrip, with open air on top of the trace. The |
trace is 5 inches long and is carrying a signal with a 200 ps rise time.

a. What is the speed of propagation of a signal on the trace, in ps/in?
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b. For a signal with a 200 ps rise time, how long must the trace be in gl'der to be
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XS e. What is the rise time adder due to dielectric loss?
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us . Consider a 5 pF load. What is the rise time adder due to the Z, and the load?
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2. Consider a trace with a 50-ohm Z; and a source impedance of 12 ohms and a load

impedance of 2 Megohms. The source is a rising edge from 0V to 1V with a 500 ps rise
time. The trace has a Ty of 2 ns.

a. Find the reflection and transmission coefficients at the source and the load.
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b. Draw arough sketch of the voltage you expect to see at the load over time. (The
Y 5 rising edge begins at t=0.)
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3. An enginegr !)bserves he ﬁslﬁwing wave rm‘ g‘nﬂ Qn oscilloscope and asks for your help.
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a. What are three possible physical explanations for the waveform? (Hint: Consider

y that you did not see the engineer making the measurement.)

Bad probing

Ringin 1 en
RPC"’C\'?M S

l‘jfouadf bounee -2

b. For each of the three possible explanations, how might you fix the problem?
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¢. How would you decide which of the three possible explanationsis correct?
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4. You are doing the layout for the new high-speed XYZ bus. The bus is a low-voltage
differential signal (LVDS) bus that runs at 5 Gbps (5 gigabits per second). (Thatis, itisa
serial link running at 5 gigabits per second.)

a. Assuming that the rising or falling edge is allowed to be 20% of the time of one
bit, what is the rise/fall time of the signal?

Y5 '1_5“‘: §é7{z :Q_OOPS ' Mw(/t\{,/f, -*/L
L= & s (o= SEUW~ & —S
4‘/W€(‘/ﬂ Cﬂ{C —fvwm/] insw ' -C{

b. What is the knee frequency of the signal?
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¢. The XYZ bus is supposed to be routed with a differential impedance of 100 ohms.
Ys What is the Z, of each of the two differential traces?
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d. Consider the rise/fall time you computed in part a and consider the fact that FR-4
has a risetime adder of about 10.8 ps per inch due to dielectric losses. At what
trace length does the risetime adder of the dielectric loss equal the risetime of the

original signal? .
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5. When a certain signal switches, you notice that another quiet signal coming from the
same chip has a glitch. ‘
a. What are two possible causes for the glitch?
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b. If the two signals are not routed near each other, what is the likeliest possible
cause?
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c. What could be done fo the switching signal to reduce the size of the glitch on the
Y quiet signal?
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6. A set-top box is designed to receive software updates. First, the software people notice
that doing a software update causes the PCI Express bus not to work. Second, the
hardware people discover that disabling the LED display (which flashes rapidly and
changes often during a software download) lets the PCI Express bus work correctly
during a download.

a. Clearly rapidly changing the LED display on the front causes the PCI Express bus
Y§ not to work correctly. What possible explanations are there for this failure?
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It is discovered that the PCI Express bus was routed in the middle of the LED
control lines. What is a likely explanation for the PCI Express bus failure?
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How could the design be fixed? (That is, how could you fix it so that you can
update the LED’s rapidly and do a download at the same time?)
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