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TABLE 13-1. Qggr as a Function of the Bit Error Rate

BER OBER BER OBER BER OBER
1 x 1073 6.180 1 x 10710 12.723 1 x 107V 16.987
1 x 10~ 7.438 1 x 10~ 13.412 1 x 1071 17.514
1 x 107} 8.530 1 x 10712 14.069 1 x 1071° 18.026
1 x 107° 9.507 1 x10°4 14.698 1 x 10720 18.524
1 x 1077 10.399 1 x 10714 15.301 1 x 107! 19.010
1 x 103 11.224 1 x 1071 15.882 1 x 107 19.484
1 x107° 11.996 1 x 1071° 16.444 7.7 x 107 20.000
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Problem 1 (35 points)

This problem involves the design of an active continuous-time linear equalizer (CTLE) for a
25Gb/s system. The CTLE should have a bandwidth of 17.5GHz, an ideal peaking at 12.5GHz
that is 12dB higher than the low-frequency gain of -6dB. Assuming the maximum zero
frequency. give the input transistor’s gm and the values for Rp, Rs, and Cs. You can neglect all
of the transistor capacitors, i.e. only consider capacitors that are explicitly drawn in your
analysis. Also assume that all transistors operate in the saturation region and have infinite output

resistance.
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i. If I want to decrease the ideal peaking ratio to 6dB without changing the first pole, mpi1, how
should I change the CTLE?
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ii. IfI want to move the zero frequency f, to 1 GHz without impacting the original ideal peaking
ratio of 12dB. how should I change the CTLE?
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Problem 2 (30 points)

This problem involves the voltage noise budgeting of a serial link system. Here we will
conservatively assume that all distributions combine in a worst-case manner. The system consists
of a transmitter with a 3-tap FIR filter which sends NRZ bits over a channel to a receiver
modeled as a simple amplifier followed by a comparator. Each receiver block has a noise
component which should be referred to the receiver input. o mﬂ P TNy
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TX NRZ TX FIR
(PAM2)— ) ) RX Bits
Bits [0.7 -0.150.15]

Complete the following noise budget table assuming a TX peak differential swing of 0.5V 4 and a target

BER=10"". You can refer to the Qggx table on page 2 if needed. (10 points

Parameter K, RMS (\,Ba}l:l;:=10-15)
Peak Differential Swing, Vving 0.5V

RX Offset + Sensitivity 5mV

Power Supply Noise 10mV

Residual ISI 0.05 = 235um/
Crosstalk 0.05 = 23 m L/
Random Noise = |, Bl o \/ = 2%,V
Attenuation (TX FIR) = 0,3 = 1SOqY
Total Noise = 2482 0 l/
Differential Eye Height Margin = 254 2 J/

What is the minimum peak differential swing, Vsing, for a BER=10"'%, i.e. as the differential eye height

margin goes to zero? T Lol Mofse
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What is the minimum peak differential swing, Vsuing, for a BER=10""2, i.e. as the differential eye height
margin goes to zero?
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Problem 3 (35 points)
This problem investigates a simple PLL-based CDR which can be modeled by the simplified

transfer function below. Assume that the only source of random noise in the PLL-based CDR

below is from the VCO, which has x = 5x107°+/s and the PLL has a loop bandwidth

f1=10MHz. What is the self-referenced accumulated rms jitter, o, = w/Eo'_‘ ?
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Assume that the PLL is used in a 25Gb/s NRZ half-rate system and the 12.5GHz VCO has a duty cycle
error of 1ps which you can model as a deterministic jitter component, DJ=2ps. Including this DJ and the
transmit-clock referenced o, above, what is the 25Gb/s timing margin for a BER=10"°? (20 ds
T e = -S ) _ = - [ 5 ?2( ) -’—'Q,O?FS
Toral yitter (£EL=107'5) = DT ~ Q0% = 1p5 < 153 =

x0ps -~ Ko = 2091725

= 077VT

Using this timing margin value and assuming that the input data has ONLY a sinusoidal jitter component,
sketch the jitter tolerance plot versus frequency. Label the high frequency timing margin and the key
frequencies and slopes in the plot.
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