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QI (a) Describe with the aid of simpie ray diagram how an optical sipnal
propagate inside
(i} the mullimode step index fiber
{ii} the single-mode step index {iber
Compare the advantages and disadvantages of these (wo types of liber
for the use as an optical channel.

{ 10 marks )

(b Consider a picce ol step-index optical {iber with a refractive index at the
fiber core and cladding of 1.48 and 1 46, respectively.
(i} Calculate the refractive index change, A
{i1) What should be the maximum fiber core diameter if this fiber is
designed {o be single-mode for wavelength starting lrom 1100nm?
Assume WV oz 2405,
(ni)  Listimate the number of modes i1 the fiber is used for 830nm laser.

{10 marks )

Q2 (a) I3escribe the mechanism of intermodal dispersion in a multimode siep
index fiber. Formulate and derive the tal broadening of a light pulse 87,

due to intermaodal dispersion in 2 multimode step index [iher may be given

where [ 15 the fiber length, NA 13 the numerical aperture of the fiber. n, is
the core refractive index and ¢ 1s the velocity of light in a vacuum,

{ 12 marks )




Q3

(b

{a)

{b}

(c)
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A multimode step index fiber has a numerical aperture of 0.3 and 4 core
refractive index of 1.45. The material dispersion paramelter for the fiber is
250ps nm™ km™ which makes material dispersion the totally dominating
chromatic dispersion mechanism. Caleulate ;
{1} the total rms pulse broadening per kilometer when the fiber is
wsed with an LED source of rms spectral width 50nm. and
(1) the corresponding bundwidth-length product for the fiber.
{ 8 marks)

Brictly describe the processes by which light can be emitted from an aiom
for an LED and LASER source. Hlustrate the answer with an cnergy-level
diagram,

(11 marks )

A 10km opticat fiber transmission link is built using standard single mode
fiber at a transmission wavelength of 1350nm. A GaAs planar LED is
wsed as a source. Listimate the external power efficiency ol the source
when the transmission factor of the GaAs-air interface ts 0.68 and the
internally generated optical power is 30% of the clectrical power supplicd.
The refractive index of GaAs may be 1aken as 3.6.

{3 marks)
Considering GaAs 1.ED in Q3 (b), predict :
(i) The coupling efficiency of coupling the emitted light into a step

index fiber with an NA of 0.15 when the device is close proximity

10 the fiber and 15 smaller than the fiber core,




Q4

(a)

(b}

ic)
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(il The optical loss relutive to the optical power generated internally il
the deviee emits into a thin air gap before light ts coupled into the
fiber.

{ & marks )

IFor an analog receiver using p-i-n diode, discuss the effects of the
following parameicrs on the signal-to-noise ratio (SNR)

in maxdulation index,

(i) received optical power, and

(ili}  recciver bandwidth

{ 0 marks )

A p-i-n photodiode has a quantum efliciency of 85% at a wavelength of
1.55um. Calculate -

(1) its responsivily at 1.55um,

{11) the received optical power if the mean pholocurrent is 1074, and
(i) the comesponding number of received photons at this wavelength

{9 marks)

Consider the p-i-n diode of (34 (b) as a high impedance front-end receiver
with an cquivaleni resistance Ry, = 203002 and amplifier noise figure
It = 5dB. Given that n = 85%. The dark current 13 = 1.3nA, T =27 and

Bitrate - 50Mb/s, Assume non-return-te-zero (NRZ) encoding is used,

. l
heretore the B — - ——— —
2 = Bitpericnd




Qs

(a)

(b)

Rl -1235

(1) Delerming the incident power W the receiver that will give
SNR — 15.6dB
{ii) For the above incident power, what are the effect{s) on

bandwidth und SNR of the reeeiver if Ry, is inereased by a factor
uf 27

{ 3 marks)

Assume that the following power values were measured in the component
shown in Figure Q3{a). The owput power from laser diode (LD is 2mW,
The reeeived power measured at PD and PD2 are 1.4mW and (.4mW,

respectively. Assume econnector has a (0 L3dR loss.

{1} Deduce the splitting ratio, excess loss and insertion loss for port 1
to port 2 and fer prort 1 10 port 3.

{ii} iscuss how to measure the return loss at port 1. You may need an
additional component,

{ 12 marks )

A component kpown as optical Add-Drop is an imporiant device in

Wavelength Division Mulliplexing (W) system,

(i) I:xplain the operation of an optical Add-Drop
{11} emonsirate and describe with an aid of o schematic diagram how
o make a multi-channel, e.p : 2-channel, CADM by using a three
purl circulator, Fiber Bragg Grating (FB(G) and coupler.
{ 8 marks )




Qb

Q7

(a)

(b)

{¢)

(a)
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Discuss the pros and cons of using opueal amplificr, compared to Optical
— Electronic — Optical (O/1/0) regenerator for leng haul ransmission.

(5 marks )

With the help of illustration aid compare the major elements of fiber
amplifiers for lrbium Doped Fiber Amplifier (LAY and Fiber Raman
Amplifier (FRA) in terms of their operation of the device. pump power,
wavelength and amplifier gain,

{ 10 marks )

An optical system having a SNR = 10.8dB lor a thermal-limited constant
pawer. The bandwidth of the system is 10MHz, The detected signul power
at the receiver is 2 x 107'°W and the thermal-noise pover is 1,66 x 1071
at 300K, Suppose that the phowedetcctor is followed by an amplilier with a
power gain of 10dB and a noise temperature 434K, Deduce the noise
figure of the armplificr in dB.

{ 5 marks)

An optical fiber system is 1o be designed 1o operate over a 6 km length

without repeaters. The rise times of the chosen components are as jollows:

Source {Lasery - 4ns. Fiber inteomodal — 3ns'km. Pulse broadening

intramodal = 2ns'km, Deteclor (APD photodiode} - 3ng,

(i} Determine the system nise time.

(i Estimate the maximum bit rate that may be achicved on the link
when using an NRZ format.

{ % marks)

fy




{b)
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A GPON system will be developed. One company agreed we provide the
OLT and two ONE transceiver modules. Design a two way PON system
for FTTII application for a residential building with 32 floors and one lat
on each floor. Each floor is about 4 meter high. The center olfice (CO) ix
0km away from the building. Use the assume parameiers given in Table

Q7(b).

(1) Show your system design graphically (include the components
used and liber length).

fil) Provide a power budget calculation for downstream and upstream
in show that vour design has sufticient power e teach the most
remote flat and with some power margin lelt.

{ 12 marks )
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2x2 coupler
LD b ' = gp— D]
i k
[y 0 i
db :connecty
Figure Q5 (a) |
1 Table (7 {b) |
C— —— Urstream | ) ;|
i Attenuation coefficient | 0.2dB/km -
Mean power launched from transmitter _ -1dBm
}_ Mean_power redquired al receiver [ -28dBm J
L _ . - __ __ Downstream_ _ .
L Attenuation coefficient L 0.34dB/kmm _I I
’7_ Mean power launched from transmitter ‘ _____ -1.5dBm _
Mean power required al receiver -27d3m o
| Components .

! _ Connector loss

0.2dB/ connector

| Splitter los s

|

_ 17541
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Constants

Planck's constant,h=6.626 x 1077 Ly
Bolzmann's constant, K=1.381 x 107 LK~
Electron charge, ¢—1.602 x 107'° Coulomb

Velocity of light in vacuum, ¢=2.998 x 10° mis
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