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Table 4.1 Numerical relationship between Q and bit-error rate.

Q BER Q BER
0.0 1/2 5.998 10-?
3.090 1073 6.361 10-10
3.719 104 6.706 10~H
4.265 10~3 7.035 10-12
4.753 10— 7.349 10-13
5.199 10~7 7.651 10714
5.612 10~8 7.942 10-15

Table 4.6 Numerical values for BW;, and BW,,».

H(f) BW, BW,;

1st-order low pass 1.57 - BW34p 00
2nd-order low pass, crit. damped (@ = 0.500) 1.22 - BW3qp 2.07 - BWs4p
2nd-order low pass, Bessel (@ = 0.577) 1.15 - BWiap 1.78 - BWaq4p
2nd-order low pass, Butterworth (Q = 0.707) 1.11.- BWagp 1.49 . BWs4p
Brick wall low pass 1.00 - BW;45 1.00 - BW34p
Rectangular (impulse response) filter 0.500-B 00
NRZ to full raised-cosine filter 0.564- B 0.639- B
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Problem 1 (35 points)
This problem involves the design of a waveguide p-i-n detector and an estimation of the average
transmit power for a 56Gb/s system operating at A=1310nm.

a) A Ge waveguide p-i-n detector has an absorption coefficient o=10%m™. What is the
necessary absorptlon length for a responsivity of 1A/W ?
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b) The detector must have a S6GHz bandwidth to not limit the system. The device is biased to
yield carrier velocities of 10°m/s and electrical parasitics of Rpp=50Q and

Crp=(1fF/um)*Laps. Using the Laps calculated in (a), what is the necessary intrinsic width to
achieve the 56GHz bandwidth?
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¢) This detector is used in a Skm link with single-mode fiber that has a loss of 0.4dB/km. In
addition to the fiber loss, the link must handle an additional 6dB loss due to coupling and

waveguide losses. The receiver in the system has a sensitivity of ifh,. = 200uA4 and
R=1A/W. What is the required average transmit power?
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Problem 2 (45 points)

A 56Gb/s optical receiver consists of a TIA followed by a comparator acting as the decision
circuit.

a) The TIA is designed to yield a 2°-order low-pass Butterworth response with BW3¢s=40GHz.
It has an input-noise spectrum described by

B(f) = ap + ayf? = 10724 4 (5x 10732 2,
What is the mput rms n01se current? Refer to the Page 2 table for relevant noise bandwidths.
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b) Assuming a photodetector with R=0.8A/W, what is the receiver sen51t1v1t4\mcludmg 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.
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¢) The comparator has a decision-threshold offset of 1mV. Assuming a TIA midband gain
Ho=500€2, what is the power penalty associated with this decision-threshold offset?
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Problem 3 (20 points)

The jitter budget of a 56Gb/s optical link operating at A=1310nm can be modeled as having the
random and deterministic jitter components shown in the figure below. The 5km single-mode
fiber channel has D=0.5ps/(nm*km) and the transmit laser source has a 1nm linewidth.

Channel
TX DJ=7? RX
ORJ = 0.5ps )—> ORJ = ?
DJ = 2ps DJ = 4ps

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?

a1 = blasL = (052 (am) (Skn) = 2.Sps
Too+ = r@)1+ Q.fp)z = /?,O?;Fs
Chame) 07 (80305 - L = 0,174 ps

DJchannel = D: I ﬂpg

b) What is the maximum RX random rms jitter, 6rirx, for a BER=10"'2 at the 56Gb/s data rate?
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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, Gry,rx, now?

L + £
Now a5 tor = e (205 « 0.17%s )
2 (3.774)
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Scratch Paper



