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February 2017

Problem 1 (Insertion loss of N × N coupler): Suppose that an N × N coupler is
constructed from n 3-dB 2 × 2 couplers each of which has a 0.1-dB excess loss. Find
the maximum value of n and N if the transmission power budget requires that the loss
through this star coupler must not exceed 12 dB.

Problem 2 (Power and rise-time budgets): Consider a transmission link shown
below. Assume the system parameters as shown in the table. In addition, assume that
the fiber loss is dominated by the fiber sections whose lengths are 50 km or L (in km);
losses on other fibers can be ignored.

Parameter Value

Bit rate 2.5 Gbps
Transmit power (Ptx) 3 dBm
Receiver sensitivity (Prx) −20 dBm
Power loss margin 4 dB
Connector loss (lcon) 1 dB
Transmitter rise time (ttx) 50 ps
Transmitter spectral width (σλ) 0.2 nm
Receiver bandwidth (Brx) 2.5 GHz
Fiber attenuation (α) 0.1 dB/km
Fiber chromatic dispersion (D) 1 ps/nm/km
Fiber type single-mode
Modulation format OOK with NRZ

(a) Find the maximum value of L such that the link power budget is acceptable.

(b) Find the maximum value of L such that the link rise-time budget is acceptable.
Assume that the maximum tolerable rise time is 0.7 of the bit period.

(c) Specify the maximum value of L in this system if both power and rise-time budgets
must be acceptable.

(d) Suppose that you would like to extend the maximum transmission distance of the
given system. Specify whether each of the following modifications can help. Explain
why or why not. Without any explanation, no credit will be given.

1



– Upgrade the receiver to have a lower sensitivity (in dBm).

– Upgrade the laser to have a lower spectral width (in nm), but with the same
transmit power (in dBm) and the same transmitter rise-time (in ns).

Problem 3 (Two cascaded EDFAs): Consider a WDM transmission system illus-
trated below. Assume that the transmit power of each transmitter is 3 dBm, each con-
nector loss is 1 dB, the MUX loss is 3 dB, the DMUX loss is 3 dB, the fiber loss is
0.1 dB/km, the power loss margin is 4 dB, and the receiver sensitivity is −20 dBm. In
addition, assume that the fiber loss is dominated by the fiber sections whose lengths are
100 km; losses on other fibers can be ignored. Finally, assume the amplifier gain profile
as shown in the figure.

(a) Find the total input power (in dBm) to the first EDFA, and the corresponding
amplifier gain (in dB).

NOTE: For simplicity, you may assume that a factor of 2 is equal to 3 dB.

(b) Find the total input power (in dBm) to the second EDFA, and the corresponding
amplifier gain (in dB).

(c) Verify whether the link power budget is acceptable.

2



Optical Networks

Solutions for Assignment 4

February 2017

Problem 1 (Maximum size of N×N coupler): Below are some structures of N×N
star couplers created from 2× 2 couplers.

From the above structures, it follows that

n = N/2︸︷︷︸
number of units in each layer

× log2N︸ ︷︷ ︸
number of layers

=
N

2
log2N.

In each layer, there is a loss of 3 + 0.1 = 3.1 dB, where 3 dB is due to equal power
splitting and 0.1 dB is due to the excess loss at each coupler. Since there are log2N
layers, it follows that the total loss from the input to the output of an N × N coupler
is 3.1 + 10 log10(log2 N) dB. Thus, the maximum value of N , denoted by Nmax, is the
largest N that is an integer power of 2 and satisfies

3.1 + 10 log10(log2 N) ≤ 10 or equivalently N ≤ 217.14,

yielding Nmax = 128. Accordingly, nmax = 128/2× log2 128 = 448. ■

Problem 2 :

(a) The link power budget can be expressed in terms of L as follows.

3 dBm︸ ︷︷ ︸
Tx power

− 4× 1 dB︸ ︷︷ ︸
connectors

− 0.1× (50 + L+ 50) dB︸ ︷︷ ︸
fiber

− 4 dB︸︷︷︸
margin

≥ −20 dBm︸ ︷︷ ︸
Rx sensitivity

Consequently, L ≤ 50, yielding the maximum value equal to 50 km.

1



(b) The rise-time budget can be expressed in terms of L as follows.√√√√√(50× 10−12︸ ︷︷ ︸
ttx

)2 + (
0.35

2.5× 109︸ ︷︷ ︸
trx

)2 + (10−12 × 0.2× (100 + L)︸ ︷︷ ︸
tchro

)2 ≤ 0.7

2.5× 109

Consequently, L ≤ 1086.4, yielding the maximum value equal to 1086.4 km.

(c) If both power and rise-time budgets must be acceptable, then the smaller value is
chosen from parts (a) and (b), yielding the maximum value of 50 km.

(d) The effects of each upgrade on extending the maximum transmission distance are
discussed below.

– Upgrade the receiver to have a lower sensitivity (in dBm): In this case, the
link power budget can allow for a larger maximum value of L. Since the power
budget determines the maximum transmission distance in this problem, this
upgrade will help extend the transmission distance.

– Upgrade the laser to have a lower spectral width (in nm), but with the same
transmit power (in dBm) and the same transmitter rise-time (in ns): In this
case, the upgrade will lower the chromatic dispersion, and hence allows for
a larger maximum value of L in the rise-time budget. However, since the
maximum transmission distance in this problem is limited by the power loss
budget, this upgrade will NOT help extend the transmission distance. ■

Problem 3 :

(a) The total input power (in dBm) to the first EDFA is computed below.

3 dBm︸ ︷︷ ︸
Tx power

− 3× 1 dB︸ ︷︷ ︸
connectors

− 3 dB︸︷︷︸
MUX

− 0.1× 100 dB︸ ︷︷ ︸
fiber

+ 6 dB︸︷︷︸
4 channels

= −7 dBm

From the EDFA gain profile, the corresponding gain is 20 dB.

(b) The total input power (in dBm) to the second EDFA is computed below.

−7 + 20 dBm︸ ︷︷ ︸
1st EDFA’s output power

− 2× 1 dB︸ ︷︷ ︸
connectors

− 0.1× 100 dB︸ ︷︷ ︸
fiber

= 1 dBm

The corresponding EDFA gain is 19 dB.

(c) The link power budget is verified below to be acceptable.

3 dBm︸ ︷︷ ︸
Tx power

− 7× 1 dB︸ ︷︷ ︸
connectors

− 3 dB︸︷︷︸
MUX

− 3 dB︸︷︷︸
DMUX

− 0.1× (100 + 100) dB︸ ︷︷ ︸
fiber

+ 20 dB︸ ︷︷ ︸
1st EDFA’s gain

+ 19 dB︸ ︷︷ ︸
2nd EDFA’s gain

− 4 dB︸︷︷︸
margin

= 5 dBm ≥ −20 dBm.

■
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