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Cross Talk to RC lines
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The figure above shows 1 RC section of the 20 RC sections that constitute the 3 wire system. The length of 1RC section is 
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Coupling capacitance (Cc) to an adjacent line = 500(m * 0.03 ff/(m = 15 ff
Capacitance to other lines (Co) = 500 (m * 0.1 ff/(m = 50 ff
Resistance of each section = 500 (m * 0.5 (/(m = 250 (
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(a) When the two aggressors switch from 0-1V in 100ps they cause a transient 

noise waveform on the victim. The waveform is transient because the victim

is grounded at one end. The peak magnitude of the noise is 0.1974 V. 

This is depicted in the top panel (Fig 1a).

(b)  When the two steps on the aggressor are not quite simultaneous, the peak noise

is at a lower magnitude than 0.1974 V. A peak noise of 90% of 0.1974V or 

0.1776V is reached when the two aggressors are skewed by 2.79 ns. This is depicted 

in the bottom panel. (Fig 1b). 
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1(b) A plot of peak noise Vs the skew between aggressors is depicted above. As expected, it is symmetric.

1 (c) The delay of the victim line for the 0-1 transition without any aggressors switching

 is 3.052ns. But when the two aggressors switch in the opposite direction 1-0 the delay

of the victim line increases to 4.56 ns.

(d) If one of the aggressors switches simultaneously with the victim, but the other one

does not, then the increase in the victim delay is not intuitive. The plot below shows the delay

variation in the victim line as a function of the skew between the aggressor switching

times. It makes a difference if 1 aggressor switches before or after the other two. The

negative time scale indicates that 1 aggressor has switched before the victim.
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The figure above shows that one of the aggressors needs to switch 3.26ns after the victim/other aggressor in order for the victim delay to be 90% of 4.56ns (4.1 ns) (bottom panel). On the other hand one of the aggressors need to switch 5.04ns before the victim/other aggressor for the victim delay to be 4.1ns (top panel).

Problem 8-2





I n the figure above tb is a memory element (flip-flop) which remembers the last bit received.

If the Laplace transform of 
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Using this relationship we can analyze the block diagram and write the following equations:

Looking at the feedback loop we conclude that
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and since we want to receive what we transmitted we get the second constraint
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Solving the two simultaneous equations we get 
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This is the required transfer function for G(s) to implement DFE. If it takes many bit times from the time the bit is on the line to when it is available at the output of the detector, then the DFE will not work. This is because it will be using information from many bits ago to decide in the equalization process. And signal waveform many bits ago may be uncorrelated to the signal waveform just one bit earlier and may push the equalization process in the wrong direction.

Problem 9-3
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Let the data on the link travel from FF1 to FF2. The delay of the link, Twire = 7 ns.

Let tadd be the total additional delay in the link due to rise-time, aperture time and timing uncertainty (skew + jitter).
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Looking at the setup above we can write a set of maximum-minimum delay constraints.

In the case when the additional delay is worst case maximum, in order to operate with correct timing we need
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If the above constraint is not met, then the clock triggers the (old) same data twice since the data is late at FF2.

In the case when the additional delay is worst case minimum, to operate with correct timing we need
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If the above constraint is not met then the data at the D input of FF2 is corrupted before the clock has a chance to trigger it to the output.

Thus the link works for 
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. At clock frequencies outside of this range the above constraints will not be satisfied and the system will fail

Problem 9-2

Let the alphabet of seven symbols be {a, b, c, d, e, f, g}. Let the 3 lines used to transmit the symbols be A2, A1 and A0 respectively. Since there are only three lines, the following limitations become clear – it is not possible to implement the encoding in such a way that exactly one line or two lines transitions for all possible combinations of symbol change. Thus when going from symbol a to f we might need to transition  all three lines A2, A1 and A0. The following table can be constructed for the symbols and the corresponding transitions on the line.

Current Symbol
A2 A1 A0

A
0    0   1

B
0    1   0

C
0    1   1

D
1    0   0

E
1    0   1

F
1    1   0

G
1    1   1

Thus a new symbol with a different value than the current symbol can be recognized as a transition on one of the three lines and the value of the new symbol decoded from the state of the lines after 1 bit cell time. Thus if the current symbol is b and the next symbol g the lines (A2A1A0) go from 010(111. Only the first transition (A2 or A0) indicates that a new symbol has started. (The transitions may be skewed due to timing uncertainty). All other transitions are ignored for 1 bit time. The value of the line (111) at the end of the bit time is used as the value of the symbol.

The other case to consider is when the next symbol has the same value as the current symbol i.e we are transmitting f f in a row. In this case all the 3 lines go to the 000 state after the first f. Since 000 has not been chosen for any of the 7 seven symbols this guarantees that there will be a transition indicating that a new symbol (the next f) has started. Since the new symbol has the same value as the previous symbol we ignore the 000 value on the line and use the previous line values (110) as the symbol value. If a third f is transmitted we transition from 000(110 (the value of  f) and proceed decoding normally at the other end.

So at the receiver, whenever a 000 is received the value of that symbol is interpreted as the value of the previous symbol.

An example:

Transmit: e d d f f a b

Start the line with 000. Line values (A2A1A0) in time: 000(101(100(000(110(000(001(010

The decoder at the receiver end detects seven symbols corresponding to seven transitions separated by 7 bit times. The two transitions to 000 indicate that the 100 and 110 symbols have been repeated.

Caveat

The caveat with this implementation is that the skew between lines A0, A1 and A2 cannot exceed the bit time. Thus the transition from d to g (100(111) involves transitions on both A1 and A0 which have to take place ‘simultaneously’ i.e. within the spacing of a bit cell. If A1 wiggles first then it will indicate the start of a new symbol. The wiggle on A0 has to happen within a bit cell time, otherwise the current symbol will be incorrectly interpreted as 110. However as mentioned earlier the wiggle on A0 is ignored as far as timing is concerned since the wiggle on A1 already indicated the start of a new symbol.

This is just one implementation of the signal encoding. Other algorithms are also possible.
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