Model Answer '
Q1-1: The magmtude of the Fresnel reflection at the fiber—air mterface is

— 2 — -1 2
T (n1+n) (15+1 = 0.04

The optical loss in decibels at the single interface may

L0SSppes = —10 log,o(1 — 1) = —10log,,(1 — 0.04) = 0.18 dB
Hence the total loss due to Fresnel reflection at the fiber joint is approximately
0.36 dB.
Q1-2: State the main inherent connection problems when jointing fibers
(a) different core and/or cladding diameters;
(b) different numerical apertures and/or relative refractive index differences;
(c) different refractive index profiles;

(&) fiber faults (core ellipticity, core concentricity, etc.).

Q1-3: Assuming uniform illumination of guided modes only, the misalignment loss
may be obtained using

L, = 0.85( ) =0.85 (25) — 0.102
The coupling efficiency is '

Mg =1— L =1~ 0.102 = 0.898
Hence the insertion loss due to the lateral misalignment is

Lossy,; = —10 10g,100.898 = 0.47 dB
(b) When assuming the uniform illumination of both guided and leaky modes Gloge’s

formula becomes:
I _ 3\ _
L, =0.75 (E) = (.75 (25) = (.09

Therefore the coupling efficiency is:
Mar=1—L=1-0.09=091
and the insertion loss due to lateral misalignment is:
Lossy,e = ~1010g,,0.91 = 0.41 dB

Q1-4: The angular coupling efficiency is
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For the NA = 0.2 fiber:
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ihw insertion loss due to the angular misalignment
LosSgng = —10 log,,0.797 = 0.98 dB

I-or the NA = 0.4 fiber:
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T'he insertion loss due to the angular misalighment
LoSSgng = —10 10g190.862 = 0.644 dB

Q1-5: Optical fiber coupler types and functions: (a) three-port couplers;
(b) four-port coupler; (c) star coupler; (d) wavelength division multiplexing and
demuitiplexing couplers
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(- the excess loss is the ratio of power input {0 power output

B dB
Py+Py
7 Fnsertion loss defined as the loss obtained for a particular port to-port optical path
Insertion loss (ports 1 to 4)y=10logso 53 dB
4

3. The crosstalk which provides a measure of the directional isolationt achieved by the
device is the ratio of the backscattered power received at the second input port to the
input power which may be written as: :

Crosstalk (four-port coupler) =10 10810 %2- dB
1

4- Finally, the splitting or coupling ratio indicates the percentage division of optical
power between the output ports.

Excess loss (four-port coupler) = 10 log1o

3
x 100% = [1—
P, + P, %=1-y
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lit ratio = x 100 9
split ratio n P4] Yo

-Q2-2:

The excess loss for the coupler
Py

P3+Py

B = 10 l0gio—~ = 0.5 dB

Excess loss (four-port coupler) = 10 logso ey

The ﬁlsertion loss from 1 to 3= 1010810 Ei = 10 log1o g% = 3.63 dB

K

The insertion loss from 1 to 4 = 1010gs0 ;;—1- = 10 1og10-2%9§ =3.39dB
4 -~

000% _ _418dB

Crossta1k=1010g10%3 dB =10 logm-—ga-
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it ratio = P «100% = 26 100 = 48.6 %
split ra 0_P3+P4 : 6 =T33 = 43.0 %
Q2-3

Sélitting loss = 10 loglO N =10 logs 32=15.05 dB

Splitting, 10 log10 N = 10 log .
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Hence the total loss for the star coupler:




i.ainl loss = splitting loss + excess loss = 15.05 + 3.49=18.54 dB
i e nverage insertion loss from the input port to an output port is

1000 60
= 10 log1o ¢ = 1854 dB

insertion loss = 10 logie
1)2-4: '
I'here are three main types of noise due to spontaneous fluctuations in optical fiber

communication systems: thermal noise, dark current noise and quantum noise.

I'he thermal noise current i, in a resistor R may be expressed by its mean square value

, AKTB
Iy =

R

Datk current noise: When there is no optical power incident on the photodetector a

small reverse leakage current still flows from the device terminals. '
1(21 = 2eBI d

Quantum noise .

The quantum behavior of electromagnetic radiation must be taken into account at

optical frequencies since hf > KT and quantum fluctuations dominate over thermal

fluctuations. | '

Q2-5: The probability of error:

T S oA
. 4 | [ Ea e R .
z,, corresponds to an average number of photons detected in a time period T for a

BER of 10°°.

i3

Thus the quantum limit at the receiver to maintain a maximum BER of 107 is:

(b) From part (a) the minimum pulse energy:

Therefore the aVeragéh received optical power required to provide the minimum pulse

energy is:




However, for ideal binary signaling there are an equal number of ones and zeros
(50% in the on state and 50% in the off state). Thus the average received optical
power may be considered to arrive over two bit periods, and:

205 0.




when the reference power level is 1 milliwatt:

10°°
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