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Problem 1: Short Answer (20 Points: 10 questions, 2 points each)

A. Suppose you have a signaling system with Gaussian noise of 100mV RMS and a BER of 102, If
you double the Gaussian noise to 20mV, what will the new BER be?

B. Inasignaling sysem wherethelineisterminated at both ends into a matched impedance, what is
the percentage of 1Sl caused by a 10% terminator mismatch at both ends?

C. A bruteforce synchronizer uses a flip-flop with an aperture time of 100ps and a regeneration time
constant of 100ps driven by a 1GHz clock. The synchronizer currently uses awaiting time, t,,, that
gives afailurerate of 10™°. If you double thiswaiting time, what will the new failure rate be?

D. A system employs synchronous timing and stacks three bits on the transmission line between two
modules. What should the relationship be between the delay of the transmission line and the bit
time to center the clock on the eye? (For the purposes of this problem, assume zero tycq and zero
rise/fall time.)

E. Toavoid dropping or duplicating symbals, when is a plesiochronous FIFO synchronizer allowed to
adjust its read pointer?
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F. A two-register plesiochronous synchronizer moves a signal between two 100MHz +/- 100ppm
clock domains. What isthe minimum frequency at which the synchronizer register selection must
be updated?

G. A pipdined timing system operates at the maximum possible rate of 1Gb/s over a10nsline. If the
length of thelineis doubled while all other parameters (rise-time, aperture, skew, and jitter) remain
constant, what is the new maximum signaling rate? (Assumethat attenuation of the longer lineis
not a factor.)

H. If the peak-to-peak timing uncertainty in the system of problem (G) is doubled from 300ps to 600ps
what happens to the maximum signaling rate?

I.  Onchip clock distribution is easier than off chip clock distribution because the on-chip wires are of
much higher quality (true or false)?

J. A bruteforce synchronizer has a failure probability of 10%. If the aperture time of a flip-flop used
asthefirst stage of a brute force synchronizer is doubled while all other parameters (including the
regeneration time constant of the flip-flop) are held constant, what will the new failure probability
be?
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Problem 2: Transmission Lines [15 Points]

A pair of 50W transmission lines are terminated as shown in the drawing below. The
lines are coupled over 2ns of their 5ns length with a forward crosstalk coefficient, ki, of
0 and areverse crosstalk coefficient, ki, of 10%. The aggressor lineisdriven with a 1V
step with a 100ps rise time as shown. Sketch and dimension the voltage waveform at
point H, the far end of the victim line. (You need not consider any waves that have a
magnitude less than 10mV).

Aggressor Line
50 50-Ohms 450
D
50

z 5ns total length
2ns 1
ns
1V J @ B 2ns c
v, F 2ns G
450 2ns L A
Victim Line 1ns
50-Ohms ’
5ns total length

In this problem, we have mismatched terminations at receiving end of the aggressor
line and at source end of the victim line. So the main sources of crosstalk appearing at H
arel) the near-end crosstalk from forward wave (traveling from B to C) which is coupled
at F and then getsreflected at E and 2) the near-end crosstalk from reflected (at D) wave
(traveling from C to B) which is coupled at G. The magnitude and duration of each
crosstalk pulse are DV*k* Gr = 0.5V*0.1*0.8 = 40 mV and 4 ns respectively. The
resulting waveforms at each point are shown in the following page, and also the HSPICE
input file for this example is appended at the end.
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< HSPICE input files>
*** Problem 2.

Jparam z0=50

va in 0 pwl(OnsQV 0.1ns1v)

rs in A 20

Wal N=1 A 0 B 0 RLGCfile=finalrlc [1='0.1333*2
rsv E 0 'z009

W1N=1 E O F 0 RLGCfile=finalrlc 1='0.1333*2
We N=2 B F O C G 0 RLGCfile= fina2rlc 1='0.1333*2
Wa2 N=1 C 0 D 0 RLGCfile=finalrlc 1=0.1333
W2N=1 G 0 H 0 RLGCfile=finalrlc 1=0.1333
rt D 0 'z009

rrv. H 0 z0

tran 10ps 14ns

.option post

.end

<final2.rlc>

* Tohavek rx=0.1and k_fx=0, we need k_cx=k [x=0.2.
* Thus to have Z0=50 and v of reasonable value,

* C =120pF/m

Cm =30 pF/m

L =3.75e-7 H/m

M =7.5e-8 H/'m

v =1.333e8 m/s

* Ok Ok F

* N = number of lines
2

* Lo = inductance matrix
3.75e-7
7.5e-8 3.75e-7

* Co = Capacitance matrix
15e-11
-3e-11 15e-11

* Ro = Resistance matrix
0
0 0

* (G0 = conductance matrix
0
0 0

* Rs = skin effect matrix

0
0O O
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Problem 3: Signaling [16 Points total]

Consider the current mode signaling system shown below. The system uses 1mA to
signal a“1” and —1mA to signal a “0”. The data rate is 1Gb/s and transitions have a
500psrise/fall time. Thelineisterminated at both ends with resistors that are matched to
the 50-Ohm line with a 10% tolerance. The line is an ideal 50-Ohm line with a single
discontinuity, a 1pF capacitor midway along its 4ns length. The line is coupled to an
adjacent line carrying a signal in the same direction with a forward crosstalk coefficient,
kix, Of O and a reverse crosstalk coefficient, ki, of 10%. For purposes of this question,
assume that the recelver and transmitter are perfect.

A. (8 pts) For each of the noise sources listed below, give the magnitude of the noise
at thereceiver due to that source:

The voltage smng in this case is DV = 2mA*50/2 = 50 mV.

Noise Sour ce Magnitude of Noise at the Receiver

Far-end crosstalk 0

1) From termination mismatch
DV*10%*5% = 0.25 mV
Near-end crosstalk 2) From impedance discontinuity
(DV*t/t,)*10% = 0.25 mV
Total : 1)+2) = 0.5 mV

ISI due to termination mismatch

0% GO/ =
(both ends) DV*5%*5% = 0.125 mV

t =C*(Z/2) = 1pF*25 W= 25 ps

| mpedance discontinuity DV*t/t, = 50mv* 25ps/500ps = 2.5 mV

B. (8 pts) Now suppose you remove the source termination. List the sources for
which the receiver noise changes and the new value of the noise at the recelver due
to each of these sources:

Now, the voltage swing isDV = 2mA*50 = 100 mV.

Noise Sour ce Magnitude of Noise at the Receiver

Far-end crosstalk 0
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Near-end crosstalk

1) Reflected NEXT at source termination
DVv*10% = 10 mV

2) From termination mismatch
DV*5%*2*10% = 1 mV

3) Impedance discontinuity
(DV*t/t;)*10% = 0.5 mV

Total : 1)+2)+3) = 11.5mV

ISl due to termination mismatch

DV*5% = 5 mV

Impedance discontinuity

DV*t/t, = 100mV* 25ps/500ps = 5 mV

Page 8 of 13




Problem 4: Timing [24 points total]
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The figure above illustrates a 1Gb/s closed loop timing system withfive sources of
delay, skew, and jitter identified by white numbersin black circles. The sources are:

No | Description Delay Skew | Jitter (p-p)
1 Transmit clock buffer tree 2000ps N/A 200ps
2 Transmit flip flops and drivers 500ps 25ps 50ps
3 | Transmissi line 2000ps 200ps Ops
4 | Variable delay 100-600ps N/A 10%
5 Fixed 90-degree delay 500ps 50ps 50ps

Note that skew for a single element (like 5) refers to variation from nominal delay while skew for a pair
of elements (2 and 3) refers to the difference between the two elements. Also note that skew is a
magnitude (e.g., 50ps means +£ 50ps from the nominal value) and jitter is given as peakto-peak.

The system operates by using a 1GHz transmit clock, tclk, to clock both a data flip
flop (top) and atoggle flip-flop (bottom) that generates a S00MHz reference clock. Jitter
in the transmit flipflops is completely correlated. That is, if the delay of the upper flip
flop is increased by 25ps, the delay of the lower flipflop is increased by the same
amount. The data and reference clock are transmitted over paralle transmission lines that
are matched to within 200ps. At the receiver the reference clock is delayed by a variable
delay line to center it on the data eye and used to clock a double-edge-triggered flip-flop
to recover the data. The clock is delayed by a further 90-degrees (to sample the edge)
and used to clock another double-edge triggered flipflop. A logic block (which may
include additional flipflops) uses the two data samplesto control the variable delay line.

Page 9 of 13



A. (8 points) Which of the skew and jitter sources listed above contribute to the overall
uncertainty of the timing system? That is, which are not compensated by the design

of the system? Circle the contributing elementsin the tale below:

No | Description Delay Skew Jitter
1 Transmit clock buffer tree 2000ps N/A 200ps
2 | Transmit flip flops and drivers 500ps 25ps 50ps
3 | Transmission line 2000ps 200ps Ops
4 | Variable delay 100-600ps N/A 10%
5 Fixed 90-degree delay 500ps 50ps 50ps

B. (8 points) Consider the revised system below where the variable delay lineis replaced
by a fixed 500ps delay. How does this change how the five elements above
contribute to timing uncertainty. List the elementsthat change:

din

>

tclk

D l'> D Q dout
° X

>

(2]

oV
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din

tclk

(8 points) Now consider returning to the original system (of part A) but replacing the
reference clock by a mesochronous tclk/2 signal at the receiver. Compared to the
system of part A, how does this change how the five elements above contribute

timing uncertainty. List the elementsthat change:

dout

N | X

Logic

]
)

tclk/2

D Q
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Problem 5: Synchronization [25 points total]
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The picture above illustrates a two-element FIFO synchronizer constructed with
latches rather than flipflops. Signal x, synchronizedto xclk is sampled alternately into
two latches, generating X0 and x1 under control of a write pointer, wp, generated by a
toggle flip-flop clocked by xclk. Signals X0 and x1 are input to a multiplexer controlled
by the read pointer, rp (when rp=1 the upper input is selected). The read pointer is
generated by a toggle flip-flop clocked by the receiver clock, rclk. Finally, the output of
the multiplexer is clocked into an output flipflop by rclk. (You may assume that t.cq of
the flip-flop is significanty greater than t, and that there is zero clock skew within one
clock domain (but there is arbitrary skew between tclk and rclk). Also assume that the
multiplexer delay is zero.)

A. (8 points) The timing diagram below gives the timing of xclk, x, wp, x1, xPand
rclk for the case where rclk is 135 degrees out of phase with xclk. Complete the
diagram by sketching the waveforms for rp, xs, and xt. (The shaded lines are
provided to guide your sketch).

xclk / \__ /] \_ |/ \ | /T

wp _/ \ / A
X a X b X c X d )
x0 < a c

x1 > b —<d__
ek N/ N/ \___/
iy / \ /A
xs —{__a — b — ¢ —_d

xt a X b e c
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B. (8 points) What is the timing relationship that mushold between the write pointer,
wp, and the read pointer, rp for the system to operate properly? Express your
answer as one or more inequalities on the phases of the two signals.

Posshlet,'s
., K
wp /- \ / \
x0o << DO
x1 D1
£ I £
p
Ay I N
— < —> <
>lyco t i > 1,

In the above timing diagram, region | is where you can have a rising edge of the
read pointer because you want the mux output to be stable at the end of data period.
Region Il is where you can have a falling edge of the read pointer. You may either
look at region | or 1 to find out the exact timing relationship between wp and rp. If we
look at region 11, we know that D1 should be stable for at least (tscq + ts) before the
falling edge of rp and also should be stable for at least (1) after the falling edge of rp,
thus the lag time of rp with respect to wp should be in the range of :

3
tdCQ +ts < tIag < Etcy - th

C. (9 points) Sketch a circuit that could be used to correctly generate rp in the case
where rclk and xclk are plesiochronous. Assume that you have a signal ‘ bothnull’
that indicates when there are null symbas in both flipflops and that this condition
is guaranteed to occur often enough.

X x1
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