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TABLE 13-1. 0BER aS a Function of the Bit Error Rate 
BER 

lx 10-3 
lx 10 
Ix 10-S 

lx 10-o 
Ix 10-7 

lx 10-8 

lx 10-0 

OBER 

6.180 
7.438 
8.530 
9,507 

10.399 

11.224 
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1l,996 

BER 

lx 10-10 
Ix 10-ll 

1x 10-12 

lx 10-I3 

lx 10-4 

1x 10-15 

lx 10-l6 

2 

QBER 

12.723 

13.412 
14.069 

14.698 
15.301 
15.882 

16.444 

BER 

Ix 10-17 

lx 10-l3 

1x 10-10 

lx 10-20 
lx 10-1 

Ix 10 
7.7 x 10-24 
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OBER 

16.987 
17.514 
18.026 

18.524 
19.010 
19.484 

20.000 
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Problem 1 (35 points) 
TX FIR Equalization 

TX 

a) Give the equalizer coefficients to realize 12dB of frequency peaking at the Nyquist frequency 
(relative to the DC response) for 50Gb/s PAM4 modulation. Assume that |Wol + |W1|= 1. 

b) Sketch the equalizer magnitude response out to the Nyquist frequency. Label the magnitude 
value in dB at low frequencies and at the Nyquist frequency. 
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Problem 2 (35 points) 

Worst-case manner. 

This problem compares the voltage noise budgeting of a serial link system with PAM2 and 
PAM4 modulation. Here we will conservatively assume that all distributions combine in a 

PAM2 System 

Artuavn is l t =| - 0,2 =0.8 

The system consists of a transmitter with a 3-tap FIR filter which sends NRZ (PAM2) 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. 

TX NRZ 

(PAM2) 
Bits 

Parameter 

Peak Differential Swing, Vswing 

RX Offset + Sensitivity 

TX FIR 
[-0.1 0.6 -0.3] 

Power Supply Noise 

Residual ISI 

Crosstalk 

Random Noise 

Complete the following noise budget table assuming a TX peak diferential swing of IVgod and a target 
BER=10!2, You can refer to the QBER table on page 2 if needed. 
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Attenuation (TX FIR) 

Total Noise 

Differential Eye Height Margin 

On,amp = 1mV 

Kn 

0.05 

0.05 

A,=1 

4 

On,comp = 1mV 

RMS 

(10 points) 

Value 

1V 

(BER-10-12) 

SmV 

SmV 
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= 

= 

= 

RX Bits 

= 

14.4m/ 

79,lm 
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PAM4 System 

TX 

The system consists ofa transmitter with a 2-tap FIR filter which sends PAM4 symbols over a 
channel to a receiver modeled as a simple amplifier followed by a 2-bit ADC. Each receiver 
block has a noise component which should be referred to the receiver input. 

Atrennain I-2ras () |- 0.2(4)- 0,733 

PAM4 

Symbols 

Parameter 

TX FIR 

[o.9 -0.1] 

Peak Differential Swing, Vswing 

Power Supply Noise 

RX Offset + Sensitivity 

Complete the following noise budget table assum ing a TX peak differential swing of 1Vppd and a target 
BER=102, You can refer to the QBER table on page 2 if needed. 

Random Noise 

Residual ISI (compute from max. transition) 

Crosstalk (compute from max. transition) 

Attenuation (TX FIR and modulation) 

Total Noise 

Differential Eye Height Margin 
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24,4m 

|-0.9 

Min. Vswing (PAM2) = Z94m V 

Min. Vsniog (PAM4) = )74m 

On,amp = 1mV 

Kn 

294.m 

0.05 

0.05 

= 0,133 

(i-ca) 

On,ADC = 1mV 

RMS 

(10 points) 

= .4)m/ 

(10 points) 

Fred Noise 

What is the minimum peak differential swing, Vswing, for a BER=10", i.e. as the differential eye height 
margin goes to zero for both the PAM2 and PAM4 systems? 
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SmV 

Value 
(BER-102) 

SmV 

’ RX Bits 

= 

19,4m 

=733V 

= 13),(mV 
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Problem 3 (30 points) 

J, tot = 

This problem involves designing a TX PLL loop bandwidth to satisfy a system jitter budget, 
given the following jitter components from the TX, channel, and RX. What is the maximum TX 
random rms jitter, orI.TK, for a BER=10-2 at a 25Gb/s data rate? Assume that the only source of 
random noise in the TX PLL below is from the VCO, which has K =10° s, and that the jitter 
G of interest is closed-loop and referenced to an ideal clock. What is the necessary TX PLL loop 
bandwidth to satisfy the system jitter budget? 

TX 
ORJ =? 

DJ = 3ps 
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, tot 

Channel 

DJ = 5ps 

DR 

-93,+ot 

2T2 

6 

RX 
ORJ= 1ps 
DJ = 4ps 

40ps - IZps 
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IK.064 

2 

VI.7,- .72s 

Max oRJ,rx (w/ DR=25Gb/s) = |7-s 

PLL Loop Bandwidth (Hz) = S,3}M Aa. 
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