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Prof. Sam Palermno 

Table 4.1 Numerical relationship between and bit-error rate. 

0.0 
3.090 
3.719 
4.265 
4.753 
5.199 
5.612 

Ist-order low pass 

BER 

Hð) 

Brick wall low paSS 

1/2 
10-3 
10-4 
10-5 
10-6 
10-7 
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10-8 

2nd-order low pass, crit. damped (0 = 0.500) 
2nd-order low pass, Bessel (= 0.577) 
2nd-order low pass, Butterworth (Q =0.707) 

5.998 

Rectangular (impulse response) flter 
NRZ to full raised-cosine filter 

6.361 
6.706 
7.035 

Table 4.6 Numericai values for BW, and BW2. 

7.349 
7.651 

7.942 

BW, 

1.57· BWsaB 
1.22 · BWsaB 
1.15 BWsaB 
1,11· BW3aB 
1.00- BWsaB 
0.500- B 
0.564- B 

BER 

10-9 
10-10 
10-11 
10-12 
10-13 

10-14 
10-15 
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BWn2 

2.07· BW3aB 
1.78- BWsaB 
1.49· BWsaB 

1.00- BW3aB 

0.639 B 



Prof. Sam Palermo 

Problem 1(50 points) 
A 32Gb/s optical receiver utilizes an GaAs vertical p-i-n detector that has a 0.5um intrinsic layer 

width when operating at =850nm. 
a) What is the necessary detector absorption coefficient a to achieve a responsivity R=0.5A/W? 
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X2, 6loxim = 2, 66x1oCn 

Bw = 

hc 

() 

20 

b) The detector must have a 32GHz bandwidth to not limit the system. The device is biased to 
yield carrier velocities of 2x10'm/s and has Cpp=50fF. What is the maximum parasitic Rpp to 
achieve 32GHz bandwidth? 
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2r(326) 

(2442)(3 btu) 

3 

c) An optical amplifier with G-20 and nF=3 is added to the receiver before the p-i-n detector. 
This is followed by a simple front-end that consists of a 4092 resistor and has a noise 
bandwidth BW,=32GHz. Give the optical average power sensitivity for a BER-10:5 
considering both amplifier and detector noise. Assume T=300K and the detector responsivity 
is 0.5AW. 

44,5A 

o,S 

a= 2,66K/o 

.442)Geno)326) 

Max Rep = 44,S 

3.6fhas 
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Problem 2 (50 points) 
A 32Gb/s optical receiver consists of a TIA followed by a conmparator acting as the decision 
circuit. 
a) The TIA is designed to yield a 2n-order low-pass Butterworth response with BW34B-22GHz. 

It has an input-noise spectrum described by 

I) = a, + a,f? = 10-22 4(5x 10-43 
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=3.3| IO 

What is the input rms noise current? Refer to the Page 2 table for relevant noise bandwidths. 

one2.8BaA 

-2) 

37.0,V 

Hz 
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b) Assuming a photodetector with R=1A/W, what is the receiver sensitivity at a BER=10, 
including both amplifier and detector noise? You can assume an ideal extinction ratio and 
zero dark current. Also calculate the total low-level and high-level rms noise currents. 

A 

37.0 m 

fP: |+2 = l,0s<= 0.23J8 

;Tms 
Ln,amp 

7.442(28)(2442j(s))26) 

sens 

c) The comparator has a decision-threshold offset of ImV. Assuming a TIA midband gain 
Ho-80062, what is the power penalty associated with this decision-threshold offset? 

;rms 
bn,0 

;rms 

23.law 
= 2.8A 

2.4tuA 

PPotse, oS4 

-0,23dB 
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