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Prof. Sam Palermo 

Table 4,1 Numerical relationship between Q and bit-error rate. 

().0 

3.090 
3.719 
4.265 
4.753 
5.199 
5.612 

Ist-order low pass 

Hð) 
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BER 

1/2 
10-3 
J0-4 
10-5 
10-6 

10-7 

10-8 

2nd-order low pass, crit. damped (@ = 0.500) 
2nd-order low pass, Bessel ( =0.577) 
2nd-order low pass, Butterworth (0 = 0.707) 
Brick wall low pass 
Rectangular (impulse response) filter 
NRZ to full raised-cosine flter 

Vos 

Table 4.6 Numerical values for BW, and BWn2. 

Triode: PMOS Isp = KPp 

NMOS go 

NMOS gm = 

Key MOS Equations 

5.998 

alps 
aVes 

6.361 
6.706 

alps 
aVps 

7.035 
7.349 

2 

7.651 
7.942 

Triode: NMOs lps = KPNVcs 

1 

2 

W 

1.57· BWaB 
1.22 BW3aB 
1.15- BW3aB 

1.00 BWsaB 
0.500- B 

1.11· BW3B 

lso| 

BW, 

0.564- B 

Saturation: NMOS lps =KPN(Vcs-VrN) 
W 

Saturation: PMOS lsp =¡KPe(Vsc -|Vrp) 

- VN 

PMOS 9m 

PMOS go = 

Vso 

BER 

aVsc 
alsp 

J0-9 

aVsD 

l0-10 
10-41 
10-12 
10-13 

(Vsa-lVtal-o 

10-14 

10-15 
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BWn2 

2.07· BW3aB 
1.78 -BWaB 
1.49 · BW3aB 
1.00- BWsdB 

0.639 B 
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Problem I (50 points) 

ECEN 72| Exam #2 

The jitter budget of a 56Gb/s optical link operating at A=1550nm can be modeled as having the 
random and deterministic jitter components shown in the figure below. The 2km single-mode 
fiber channel has D=1 7ps/(nm*km) and the transmit laser source has a 0.5nm linewidth. 

TX 
ORJ=? 

DJ =1ps 

Channel 
DJ =? 

= 0,44pr 

a) Assuming Gaussian pulse inputs, the SMF channel's DJ can be modeled as the difference 
between the output pulse width and the ideal 56Gb/s pulse width. What is the channel's DJ? 

AT=0(a)L = (17asn) (2m) 172r 

7 G)'+(7)? 

RX 

ORJ=0.3ps 
DJ =3ps 

2 ( 265) 
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- 24.7ps 

b) What is the maximum RX random ms jitter, oRU.TX, for a BER-10:5 at the 56Gb/s data rate? 

3 

Tes,ix= 1lo,227s) (03s)' 6.77lps 

2 

DJchannel = 

- DTo7 

c) Now assume that we use employ FEC in the system which allows for an input BER-10, 
what is the maximum RX random rms jitter, oRJTX, NOw? 

0.82pr 

2(2942) 
Max GRJ.TX =0,328, 

6.8s 

ps 

Max �RJ.Tx (w/ FEC) = D,"|s 



Prof. San1 Palermo 

Problem 2 (50 points) 

CW 
Laser 

A 56Gb/s optical interconnect system uses a clectroabsorption modulator transmiter to transmit 
data over a 2km fiber. The optical receiver has 5002 gain and the following noise/offset 
components shown below. The link has an additional total coupling loss of 6dB. Assume that we 
can neglect the photodetector noise and fiber dispersion. 

EAM Transmission 

i Pou/Pin (dB) 

V Vo 

347,-V 

TX Bits 

2,5|+ I 

2.5(-} 

'seas 
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Total Coupling 
Losses = 6dB 

Los/enalies 

R=07MA Loss = 0.5dB/km 

What is the required cW Laser output power to achieve a BER=10lS 

4. E AM ER= - 3d8-(-746) = 4de 

2. Fber Los> = (o.sdak J(2 km) = 

2.5| 

Total Loss /Penalcs = 13.?78 

= 2,32 = 3,66 JB 

in,amp = 3Arms 

PPlset 

TIA Gain = 5002 

4 

Vn,DE 

o. 7 

7.442(SA) 

Offset = 1mV 
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= 2mVrms 

Soo(2) (,a42)(sa) 34.7/ 

2,S| 

RX Bits 

-12546 

+2 .0S = 0,213dB 

J s.loupliy Los 

L.37mwI.9bm2.9346 
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