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TABLE 13-1. 

BER 

I x 10-} 
I x 10-t 
1x 10-5 
lx 10o 
1 x 10-7 
lx 10-S 
lx 10 

OBER as a Function of the Bit Error Rate 

QBER 

6.180 
7.438 
8.530 
9,507 

10.399 

11.224 
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11,996 

BER 

lx 10-10 
lx 10-ll 
lx 10-1! 
1x 10-13 
lx 10-4 
lx 10-5 
Ix 10-lo 

2 

QBER 

12.723 
13.412 
14.069 

14.698 
15.301 
15.882 

16.444 

BER 

I x 10-17 
lx 10-13 
lx 10-10 
Ix 10-20 
Ix 10-21 
lx 10-2? 

7.7 x 10-24 
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QBER 
16.987 
17.514 
18.026 
18.524 
19.010 
19,484 
20.000 
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Problem 1 (35 points) 

10fF= 

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. 

Dlyain 

Ro 

Vino 

|+ 

Rs 

HH 
Cs 

2 

Vpo 
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Cp=10fF 

Magnitude (dB) 

= |LJ 4 

27 (3T &Aa) 9m 

3 

ldeal CTLE Response 

12.5 17.5 

f (GHz) 

94 
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= 2T(25ste) liot) 2 2 mdh 

Lp(2134r)(\3esHe) 
=|87fF 

2.73k 

gmi)= 2.2y 
Ro /6 

Rs = 2.73kr 
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i. IfI want to decrease the ideal peaking ratio to 6dB without changing the first pole, opl, how 
should I change the CTLE? 

Houe e, this wil hee 

chenge also 

Rs 
SOme 

Cs= 23/F 

Can tune 

2 

(2:13ka)(2)llA*a) 

4 
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ii. IfI want to move the zero frequency f, to 1GHz without impacting the original ideal peaking 
ratio of 12dB, how should I change the CTLE? 

Sl.3F 

2.2 

Gon)(er)(125ci) 

2 (<6) 
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Problem 2 (30 points) 

TX NRZ 

(PAM2) 
Bits 

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 

Parameter 

Peak Differential Swing, V swing 
RX Offset + Sensitivity 

TX FIR 

|[o.7 -0.15 0.15] 

Power Supply Noise 

Residual ISI 

Complete the following noise budget table assuming a TX peak differential swing of 0.5Vppd and a target 
BER=10-15, You can refer to the QBER table on page 2 if needed. 

Crosstalk 

Random Noise 

Attenuation (TX FIR) 

Total Noise 
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Differential Eye Height Margin 

Kn 

On,amp 1mV 

0.05 

0.05 

Vaiall 
V,wing 

0,3 

Cn,comp= 3mV 

RMS 

(10 points) 

-<K) Fie! Wojse 

-o4 

Fied nase decleases due fo 

3.7av 

0.5V 

67 Sml 

Value 

(BER=10-15) 

SmV 

April 25, 2023 

1OmV 

= 

What is the minimum peak differential swing. Vswing, for a BER-1015, i.e. as the differential eye height 
margin goes to zero? 

RX Bits 

= 

28,7U 

= 243. 7m 

What is the minimum peak differential swing, Vsuing, for a BER=10", i.e. as the differential eye height 
margin goes to zero? 

= 72Bu 

considrtis a of less 

Vandon noise 

component which should be referred to the receiver input. 
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Problem 3 (35 points) 

Qin 

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 k= 5x10s and the PLL has a loop bandwidth 
fi=10MHz. What is the self-referenced accumulated rms jitter, o, = 2o,? 

LG{s) 
dm(s) 1+ LGls) 

Timig 

1o0, 
JTOL (Ulpp) 

PLL-based CDR 

o,77 

10 

0.1 
10k 

e 

Margin 

1+ 

Assume that the PLL is used in a 25Gb/s NRZ half-rate system and the 12.5GHz VCO has a duty cycle 
eror of tlps which you can model as a deterministic jiter component, DJ=2ps. Including this DJ and the 
transmit-clock referenced o, above, what is the 25Gb/s timing margin for a BER=105? 

100k 

LG(s) 

27gf. 

1M 
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25Gb/s timing margin (BER=10-5)= 0.S 

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. 

-29L6/dec 

F (Hz) 

out 

1OM 

=677 UT 

100M 

Zps + 

6 

2m/iomHe) 

D,77I 

Tiniry Marga 
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5,38 2( 

635 

J ToL() = 

= 07 Ps 
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