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Code: 23EC4601B

11 B.Tech - Il Semester - Regular Examinations — APRIL 2026

OPTICAL COMMUNICATIONS

(ELECTRONICS & COMMUNICATION ENGINEERING)

Duration: 3 hours Max. Marks: 70

Note: 1. This question paper contains two Parts A and B.

2. Part-A contains 10 short answer questions. Each Question carries 2
Marks.

3. Part-B contains 5 essay questions with an internal choice from each unit.
Each Question carries 10 marks.

4. All parts of Question paper must be answered in one place.

BL — Blooms Level CO — Course Outcome

PART — A
BL | CO
1.a) |What is Numerical Aperture of an optical fiber? | L2 | CO1
Why is it important?
1.b) | What are skew rays in an optical fiber? Explain| L2 | CO1l
briefly.
1.c) |List any two advantages of optical fiber| L2 | CO1
communication over copper cables.
1.d) | Define Material Dispersion in optical fibers. L2 | CO2
1.e) |What is meant by bending loss in an optical [L2 | CO2
fiber?
1.f) | What are fiber splices? Mention any two types. |L2 | CO3
1.9) |Define Wavelength Division Multiplexing|L2 | CO3
(WDM).
1.n) |What is the function of a Laser Diode in an|L2 | CO4

optical communication system?
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1.1) | What is shot noise? L2 | CO5
1.J)) |What is modal noise in optical communication|L2 | CO5
receivers?
PART -B
Max.
BL1 €O Marks
UNIT-I
2 | a) | Define refractive index and Numerical | L2 |CO1| 5M
aperture.
b) | A silica optical fiber with a core diameter | L2 [CO1| 5M
large enough to be considered by ray
theory analysis has a core refractive
index of 1.50 and a cladding refractive
index of 1.47. Determine:
I. the critical angle at the core-
cladding interface
ii. the NA for the fiber
ii. the acceptance angle in air for the
fiber.
OR
3 | a) | Draw the block diagram of optical fiber| L2 |CO1| 5M
communication and explain each block.
b) |What is Total Internal Reflection and| L2 [CO1| 5M
how to determine critical angle
pictorially?
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UNIT-II

Explain the different types of fiber materials
used in optical fiber communication.

L3

CO2

10 M

OR

a) | Discuss about core and cladding losses in
optical fibers.

L3

CO2

oM

b) |Write a short note on intermodal
dispersion.

L2

CO2

oM

UNIT-I1I

a) | Explain star couplers with a neat
diagram.

L3

CO3

oM

b) A 32 x 32 port multimode fiber
transmissive star coupler has 1 mwW of
optical power launched into a single input
port. The average measured optical
power at each output port is 14 uW.
Calculate the total loss incurred by the
star coupler and the average insertion loss
through the device.

L3

CO3

oM

OR

Explain the architecture of a WDM in optical
communication system.

L4

CO3

10 M

UNIT-1V

Explain the working principle of a Surface-
Emitting LED (Light Emitting Diode) and
explain any two LED characteristics.

L4

CO4

10 M

OR
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9 | a) |Explain the laser diode characteristics| L4 | CO4| 5M
and its operation.
b) | Explain the concept of carrier pair| L4 [CO4| 5M
multiplication in Avalanche Photodiode.
UNIT-V
10 | a) | Explain about Signal to Noise Ratio. L4 |CO5| 5M
b) | Explain about thermal noise and laser| L4 |CO5| 5 M
noise.
OR
11 | Explain Analog System Design parameters. L4 |CO5| 10 M

Page 4 of 4




C oAl XITECHOLOLL ' T

W BTecd I Ceun R@julaf Ekm}wﬁ% Aﬁ"[fl%
ephcal Cﬁ“é’i"‘h‘ai'\’q"‘cﬁﬂ M
PARTA  luabim

la

M

* Numerical Aperture:
* Is defined as Sine of acceptance angle
NA= sin©, = (n,2—n,2)4?
* [t indicates the light collecting efficiency of an optical fiber
(or) ability of optical fiber to capture light.
* Value ranges from 0.15 to 0.3 for communication application

* NA= 0.5 for other application

* Dimensionless Quantity

» |f NAis large ,then acceptance angle is high then it leads to no
of modes in the fiber

» [|f NA is small then it is advantageous

b. ;?M

Skew Rays : The rays which never intersect the axis of the fiber, giving low optical
intensity at the center and high intensity

towards the rim of the fiber.

v Skew rays are the rays following the helical path around the
fiber axis when they travel through the fiber and they would

not cross the fiber axis at any time.

Core axis
T
e " —
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Helical path



Advantages of Optical Communication & M

= Enormous potential bandwidth

« Small size and weight

« Electrical isolation

= Low EMI

» Immunity to interference and crosstalk

- Signal security

« lLow Transmission Loss

« Ruggedness and flexibility

« System Reliability and ease of maintenance

- Potential low cost

ad

d. Material dispersion occurs because the refractive index of the fiber core varies with
wavelength, causing different spectral components of a light pulse to travel at slightly
different velocities through the fiber. Since most light sources, such as lasers or LEDs, emit
light with a range of wavelengths, each component of the pulse arrives at the receiver at
different times, leading to pulse broadening. This broadening can cause intersymbol
interference (IS1). where adjacent pulses overlap, potentially resulting in bit errors and

reduced data integrity.
2"

e. Bending losses occur when an optical fiber is curved, causing some of the light to escape
from the core into the cladding or outside the fiber, reducing signal strength and overall
performance. Optical fibers rely on total internal reflection to confine light within the core,
and bending can alter the incident angle at the core-cladding interface, leading to leakage.
Smaller cores are more sensitive to bending losses. Uneven forces can induce micro-bends,

increasing attenuation.
b 217)

Splice=s 2B 2 e peooerally poermaanent  fibeo
FOIMTE. (CTOommectors Cart be rmatoed and uanroatecd
—= srecdiy and rathor easiiy.) Basic spiicing
rechnigucs Include fusing the wo fGibors oOr
bondin g e together in an alignmmeant sowc-
ruare. T Elie ond maw b providoed Dy arrs axcdbhhe-
siwe. Dy mechanical pressurs. or By a combrina-
ey o f L TR,
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Optic Dearns with different wavelengths propa-
EZane withoopt intesfering with one another, so
several channels of information (cach having a
different carrier wavelength) can be ransmmit-
e sirmaitancousiy over a single fiber This
scheme. called wanrelengrAa-divisior mulnipiex-
ma (WQM)- arwm ahc- tm’fmxm«cany

0

The laser diode plays a crucial role in optical communication by generating the
optical carrier, which is the light signal that carries data. The laser diode modulates the
power or intensity of this carrier with the information to be transmitted, a process known as
Intensity Modulation (IM). This modulation is essential for establishing an optical
communication link, as it allows for the transmission of data over long distances with
minimal loss. The coherent and monochromatic nature of laser diodes ensures that the light
emitted is focused and precise, making them ideal for high-speed data transmission in

fiber-optic communication systems.

The Jdiscrz=te Dature of clecinons Ccauses o sig-
nal disturbance calledd shor modise. In pholode-
eCtors, «ither photoermissive tubess Or sSermni-
conductor junciion devices., Inooming Optic
signals soenerate discrete charge carmriers. Each
Carriter coniributes & single pulse o thee ToOtad
curreni. e iflustrate this for the vyacuust pho-

{er
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Aozl rmoise” is a randorn wvagiat@ion in optic
DOWwer OOSurTing in melitmode fitkers. If e
lipgh: socuarce is highly cobb e ren: (say. a good
Iasc:s xode), then The fiber modss inrerfere
w2tk one another and form a specikle Datierys
consisiing of brigh: and dark spots. Figuse 13-

FibLE eND?
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Figure 11.34  Specide parer



2a.

2b.

UNIT1

The refractive index(n) of a medium is defined
as the ratio of velocity of light in a vacuum(c)
to the velocity of light in the medium(v)

n=cjfv

n= 1 (air)

n =1.2 (water)

n = 1.5 (glass)

n = 2.419 (diamond) oM

* Numerical Aperture:
* |s defined as Sine of acceptance angle

NA = sin 8, = (n,2—n,?)?

* It indicates the light collecting efficiency of an optical fiber

(or) ability of optical fiber to capture light.

» Value ranges from 0.15 to 0.3 for communication application
* NA=0.5 for other application

* Dimensionless Quantity
* |If NA is large ,then acceptance angle is high then it leads to no

of modes in the fiber

« If NA is small then it is advantageous -

A silica optical fiber with a core diameter Large enough o be considered by ray theory
anafysis has a core refractive index of 150 and » cladding refractive index of 1.47.

Determine: (a) the critical angle at the core- cladting interface: (b) the NA for the

fitver; {c} the acceptance angle in air for the fiber.
Solution: {a) The critical angle ¢, at the core-cladding interface is given by

Eq. (2.2) where:

. 147
1.50

= 78.5%

= 112_% e
@, = sini " sin
{b) From Eq. (2.8) the M4 is:
NA = (nf - nht = (1.50% — 1.47%
= {2.25 ~ 2.16)}
= .30

{c) Considering Fq. (2.8) the acceptance angle in air 8, is given by

6, = sin! A= sin! 0.30
= 17.4*

5M



3a. BLOCK DIAGRAM ) 3M

Transmitter

Electrical i
rica r Fiber Optical

Is?éj:::] 1 flylead | splice
Drive Light
circuit source

Optical
fiber
. Optical coupler or
Electrical signal Regenerator hel::)n; splittlcpr
Tz, Optical signal Optical
receiver
Electronics
To other equipment
Optical
transmitter
Receiver
P e S e e S ek = )
Fiber |
: |flylead ] [ Electrical
Optical W Photo- Signal ' » signal
amplificr I | detector restorer | out
| Amplifier |
i s e e e —
Explanation about each block 2M

3b.

Total internal reflection
~ At angles of incidence @, > 8. the light is totally reflected back into the
incidence higher refractive index medium. This is known as total
internal reflection.
uurp):ul

¥

low index n, :

(air) :
—

high index n, -~ .

1 e o M -

(gluass) "‘/”1 > 0,1 S~ FIR

1
gz 1, 1.44. n, 1. then O, sin'(1/1.44) 4.4

Total internal retlection: 0O, = 6,

2M



Critical Angle (6,)

» The angle at which total internal reflection occurs is called the critical angle of

incidence.

~ At any angle of incidence () greater than the critical angle, light is totally

reflected back to the glass medium.

» For ny > ny, the angle of refraction 8, is always preater than the angle of

incidence 6,.

~ When the angle of refraction 9, is 9o® the refracted ray emerges parallel to the

interface between the media.

The critical angle is determined
: by using Snell's Law. The critical

low index n, ! 0, angle is given by :

refraction

(air) o .

sintl, = n, /n,

high index n,

(glass) 0
reflection

B::

<

sin (ny/n,)

3M
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“How glass iy me wle ¢ it
‘4 ‘ Stikleies
bt s made by fusing

v selenides.
b The resultant matenal s A
than well- defined structure,

hﬁ'lx.‘ll,"’(; (‘ff- f‘f!&‘f} ;t mx;(;(afz 4

andorily  connected rnoleculdr
Network  vather

" 1+ have
B Consequence of this randem  evder —  glass does not N

well- defined melting pomts
centigrade glas rernains

Ls
Upto several hundred g€ clegrees
it becomeEs

as a colicl, when temperatuie
soft and when at 4+ very high ternperature it becornes

Viecious liquid

increases further

* Glasses from which optical fipers are made  consists of

oxide g!asses which are

. Silica Ooxide (s5i0.) -  vefractive index of 11458 at &850n™M

. Flowrine and vavious oxides such as B,Os , GeO. or P2 0Os

are added +o silica.

‘ HQYE;
Ls @ddition of GeO, of F.Os
Ly Addition of B.Oz or Flouvine enside  decreaces

increases refrach ve index

vebrachve inclex

148 / P.Os
146 f-
\\- B.O3

7 KL -
(o]

= 10 1S 2.0

NOTE - CLADDING MUST HAVE LOWER INDEX THAN CORE

.



 Examples of fiber  compositions -

I GeO, - Si0s cove ; Si0, cladeling
7. ?’;,Os - §5i02 core ;5 S0, cr!ar!chr)g

3. S;0, core; B0z - Si0, cladding

= Raw material for silica is sand

- - |
Glass composed ot pure silica is referred s
fused glase silica [ viteous  silics

DISADVANTAGE -

* High  melt ng temperature

by :
LThic ic avoided when uwse- using

depostion techniques

ADVANTAGE -
* low Ehermal expansfon

* Good chemical duwability
* High tvansparancy

cilica glac/

vapor
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HHUF’{: GLASS FIRE ES g‘v’ (’")

, - o] L S e oy " “ 5 ”: 5
N 1975 researchers al ithe Universile olp Reritws discoverne]
flouride glasses hat have extremely |ow A emiss i or

lesses  at mid - infrared wavelengths.

L Flueride glasses belong 4o @ genersl family of halide
glasses in which anions are Mom elements in group Vi
L N Heawy metsl fluoride glass, which uses ZyFy &g
majov compenent = la] g!ass network former,

L Other constituents hneed to be added to make 8 gfas:&‘
that has moderate resittance to crystallization,

B ZBLAN (zvF, ,BoF.,L8Fs, AlFs =nd NaF) - this matevisl
forgns the core of glasc fiber.

L' 7o make g lower - refygctive -index glass, one partially
teplaces  ZyF, by HaF. # get & ZHBLAN cladding

Ls 1 must be uUsed 4o reach

Yst  ultrapure ma terials

thic low loss level

L:{ Second, flouride glass is prone to devitrification.

» Fiber- making techniques are used to avoid the
formation of microcrystallites which have drastic

effect on Sc:a'f;terihg losses




A
Chqk'?enide Gloss fibeas - M

f”jme nonlinea pvoperties of glass fibers can be used
In othes oapplications Jike all- oplical  swilches and
fiber Josess:

it Chalgenide Glass fibews w the one feor such
applicationd becamse of ¥ high optical nonlincazity
and long interaction length:

Ui These glasses condain otleast one chalcogen elemeri
(3,%¢.Te) and one othes element such @ P CL, B,
Cd-

(iv) Thede particulan elements ase  uded & impyoving
the theAmal. mechanical and optical pyopesties
of the glass: i

(V) As, S5  the most well -Kknown materiol fob @
chalgenide  glass:

| i Sgg 5
(vi) Single- mode fibess ose made WwINg ‘q?ug £8 9F;
foh  cove and cladding matesials:

these gLaA/SeA Yange asound :LdB/Iﬂ‘

and

95255

(vi lLosses 1IN

i ol plabe oplis) Fhos

T L
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5b.

Intermodal dispersion is the spreading of light pulses in a multimode optical fiber caused by differe
nt propagation speeds of the fiber’s multiple modes.Intermodal dispersion, also called modal disper
sion, occurs in multimode optical fibers where light can propagate through multiple modes or paths.
Each mode travels at a slightly different group velocity, so when a pulse of light is launched into th
e fiber, the components corresponding to different modes arrive at the output at different times, cau
sing the pulse to broaden over distance. Thefastest mode, usually the fundamental mode, arrives

first, while higher-order modes arrive later, creating a temporal spread in the signal.
Mitigation Strategies

Use of single-mode fibers to completely avoid intermodal dispersion. Graded-

index multimode fibers to minimize differential mode delays.

Understanding and managing intermodal dispersion is crucial for designing high-speed fiber-
optic networks, especially for multimode fiber links used in shortdistance applications like

campus or building networks
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exlecdaed o prodduce muinmedes fiber couplers
having more thasn four poms." An & > 8
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Srgrerralasdcor: shar ooepler aimd an cighs-post
reflecticon sror ocwuplar are llusirated in Fig.
P F. Imefiwvichoal smaitirnaocie fibers are sweoarad
arcund oane anosther and fused sohile wrocdes
Remrr b,

For thre transmission ster, powers st fnto
any port Oon one side of the coupler cmerges
froom all the peoots oz thhe other side., Jiwided
egually. Ideally, pogsts on the sarme side of the
coupler are isolated froun cach other. Figure

) QIRECTIONAL
TRANSMITTER COUPLLE

S
g_ = H coumis
I——:tm H -

TECENIR
Figure 9-23  Reflection star coupler astwark.

Th= seflascTioor Star comprics ligkhts fooon armmw
s ol o &bl thhee peorts. T inoeccon mests baere
grnagrals  @s shaorwwzr Brr Frigs, -4, B ecmmllse o iarw
Hbecr coarnsmeotecd oo the sior coarsficos Duodh Tra s
muaisvecd and recekved data,. 8 directiomal cosoples
S mmeecddesd Lo soparmoe Uhe twveds sigrnals et ssecih
weawrirval.

Fuscrorr of somoaes  theanm e simp e -arsoacdis
Flewrs 10 promdacs mmultitecminasil siar oowpiers
v A WSz ez Bl Beoucmusses o e e cd toe Somwz-
i Eotwearen e indiviaddiend esarsesoe it Helds ofF
ke gunsuriye FRibEeesss For Sinngle-rymoncs Sy siommms,
ST CoOpizns amne gmade by ooascmdimmps o 2
ort fusaed cowplaers. Time scoherrees, dEhascmataecd Sam

e acivwve srar s impclude pooowisions For
devectins aollisions bBetwsesn data peckoels
tramsroizted sirmaloaneosastiy by cEifforeme Deraei-
nals, IF colilistons oo, Thern the cepeater sig-
mals e salions o Bk COOrTedt i SOiiars. A
cEvwees  stoors o add REexibility o =2 ddisoEDaoadicoss
mecvw o rk bocanse of their reseocraling angd oali-
MRS I Sorsoiing PrOpereies.



6b.

Given data

Input power Py, = 1 mW = 1000 p W
Number of output ports N — 32
Power per output port P,y = 14 uW

1. Total output power

Piotalout = 32 x 14 = 448 uW = — ly]

2. Total loss (Excess loss)

This compares input power to sum of all outputs:

H.uluf,uns!

Liotar = 10 1logy ( L )

1000

Lmﬁaf = 10 loglﬁ (T‘QS-’

) =10 10g10{2.232) ~ 10 % 0.349 = 3.49 dB
Total loss =~ 3.5 dB S W]

3. Average insertion loss (per port)

This compares input power to one output port:

— 2V

: Lius = ]_G lﬂglﬂ (é—t,‘;f—)

L, — 10log,, (—l—f—g—(}-) = 10log,;((71.43) =~ 10 x 1.854 ~ 18.54 dB

Average insertion loss = 18.5 dB
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TRANSMATTIRS RECEOVERS
Figure 9-37  Toecchannel wavelength-dson-  Figure 9-38  Full-duplex cetwork. 7, tranemitien
rsltiplexed setwons. MUX, multiplesss DMUX, R, receiver; MUX/DMUY, bidizectonal
demulriplexes. multiplexer.

Figunrne S9--37 ilastroares » throe-cohanned
WL swsoenrn. In s sismsplest focron ohils mer-
svrk in anddirecosomal. 1 oo, Biossandewer, Opeer-
ane imn both directions if the wavelength-separa-
gion Jdewices are bidirectional. Later in this
st wee wvill soce how smsch devicoes oy Be

consurwcied.  WWhen opesasting bidirocriomallw,
dircectcnal couplers rmost be inocladed at ecsck
Al e separarce the msamiided oored ce-
N R

Fresiowsly instaliled sysiorms, dosigmnoed
wermies with o a single casriexr. osn be uppraded
By WD Omily the terminal eogoiprmens noeed
bz clinrzpedd. The original Sbers can neroxRin it
Piace.
A parzsiculasly artcacoive combination for
WD G opweraves wwith o one chanms] ax B35 gedn
and ome 2t 1.5% gemm. The larpe wawvelbesngan
spacing simplifies the: design of e sooloi-
piesxer. The similarity in fiber charestevistics
oo acEon andd Bondwsidti) o oac these e
seavcliongihs rmakoes the swsiean praci@ocal. Ao

W e ionnpal diviston can e wased o produace
& fuliy deplexed nerwork. as shown i Fig.
-3

Figmre S9-A6 illusates loss cusrwves far acs
cight -chmarine] mmaitiplexer Sdesmulodpioxse. The
cigh! curves represent the ramsrmission foss as-
sorciated weith eacin of the =ight channcls, For
exarmmic, e fret charme]l dis centered ot IS30
. the second as 534 nom, and so fom®. ap ao
ther wighnh chanmwel At 1558 o, The chanmeld
spacing is <4 nm and the individoual clhuanmck
bandwdu: appears Lo e abowat 2 mmm. In this
exairs ple the insertion Boss is abowue 1 38 and
the adiacent<channa] isolabdon (coosstalk) is
low (rmarre than 35 4dB 6 the sowrce  wseawve-

o oM™

4™
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: 3 £ : H L 1 4 Figure 936 Tranarniguen loss
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UNIT 4
e =
“¥igure 6-2 Doubleheterojunction
e ok o oink emiter, The crosshaiched o
WD : ¥ represent the energy Tevels of the
i iy A B _ free charges. The unction on the
right foems an energy barrier that
i % P prohibits elwm rom crm;jng &» 3
N T ) region; the juntiion on the o
P bl ; m{%ﬂs hiles from crossing into the W\
2 " n¥ nregion. Recombination oocurs
HOLT XARRSER only in the active InGaAsP layer,
This LED emits at wavelengths

RUBACTAE 35 ... ;
e 32 i e around 1.3

Thee LD péicoened in Filg, 62 actoallby conoeins
Do Rercrojunctions and is thos a Jdowble-fer-
e irerno e Saxvitter. Thee wo moarcrials s
different Dandgap eocrgics and differesst e
fractive indices. The chanpes in bandgap cmeer-
gios cresie poteniial barvicrs for Dotk hhobes m
elecirans.  Hhe free charpes cor smest and s~
wxorriiree omlvy in che nocrow, well-defumecd s
tive lowver, Because the active region Ruas a
hipghor Trefractive index than the materinls o
wither =zide, anm oprkce »waveguide Iis Sorrmed.

POxXY
FIBER METALLIZABON p
ki -G, SLESTRATE . 6 ‘]\4
i n-A1GaN, WINDOW -—
10 sam b peATGaAS, ACTIVE LAYIR
i = paATGaAd, CONFINEMENY

dn | PeATGaAL, CONTACT
S0 HIHATION Figure 6.3  Eiched-well surlace-emitting
METALUZATION LED,

oy <oy e coumpled 3o s Sbher froon
e planar suasfToces of oo ommizting Baover or
froem its odpe. The myost =fHGoleml swrface
coupler s the Barcus. o efcleal-wmeedd, ooom-
sTmucTion, sShowwn im Fag. 6-3. The AdGasis



icodle pDictured Typically ermizs at OLED2X  green
welnere slass fibers hawe  [owy attenassanios.
MMove ke insulating S, layer an<d e moaecal
wcoating =t the borhooms of the diode, The rm=tal
consact is circualar, exrtemnding rthyoupkb o hole
im thee SO Eawes, This comsbrwoesotiion confines
Imjected charnores o & simnall conmtral porcdom of
thie «dade. Fibeoers as semall as 50 e ooy e
mrtacheed with relacwesls effScicnt cowmplinng b
sanasse of e rostricotedd ermitting ses. Nost of
the oroiviesf radisaciom will at least strikes thoee
Fiber cone. The power will ovoz o enrincly
colleciod e The fhwer boecause of its lirmdited
AN ETResr i) A eI,

LED Characteristics

As a sample listed two characteristics. The students can write any two
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Figure 65  Powercurrent selationship fge an LED.

The opiic poser gonerated by an LETY is lio-
wcariy proporsonal o the forward driwving Sur-
rent. M typdhcal power-cirrent oiarwve Bs oJdrawvwen
fn Fig. €-5. The linear reladonship can e wun-
Zerstood by the following argurnent: T -
rent & k=2 the injoected charpe por sceconsd. The
ssurriier Of clharpe s pwer seecoond 35 ke MY osm e,
where = 5 the magnitnade of the charge oo cach
cloczyon. B v s the fracoon of these chuarires
2haar will recombine and poosduace phooons, e
R EIAC PO ORIITHaT weER] e

1w,
P AW, e TR {3

poovine the Eoear relathocsship betwoonn opdc
o e aured cwarreat. i this resclr, dhe gap e
ey is in joules. If it is o elocsron valss,. thaen
rhe: oxquaton simpiilGes oo



Analagr modalation (Fig. 6-7) regoines & o
bizxs o Eeep the powal corrent in the Forwaesd «di-
rection at all tirmes,. Withone the de current, =
mooative swing in the siprnal corrent swoaslid Te-
woeTse bias the diode, shurting it off. .

The toeal diode current is

and the correspondin g optic ocutpur power is
B o= Pa. + Py Sin car LA 5D

Fyw iz the peak sigosl poreen We will owmli ic
the ac ponarer. Note how the shape of che
impat-corrent variarion is replicated by the op—
B poswer  wwaveform becauwse of dche linecar

poser-currsnt refationskip.  Dheviations foom
linecarisy disooer the sipnal. When wery losar
distoction s rogumired. the lioearinye of e paeo-

proasod soarnces Imest e evalasged,

e
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Figure 621  Fowescurment reiationship fora laser  Figuee 6822  Tvpical voltage-curment charscienistic
dade. far & laser diode,
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Thie ouEEpPul OpPLc Ppower versas forward inpet
current characoeristc is plomed in Fig. 21 for
&= pwvpremb Jasor dicde. The threshold cusrrent is
FE orruh for dhidis diode. Below this beeet thers is
e smoell increase in optic paraver with daiwe czr-
rozit. This s mromcolieremnt racliatdon coused By
BT IAMASOLE crmission En the meocormbivatiorn
Tarer. Spesooral moasernemmeEnks ssomilicd shoones o
shoum doecresse in fthe ouypaor lisswaidois  saihen
the Suarmons oxooods  the  dthroostrold  wallue,
Thereshuoid curmenis cuan froom 5 o 2500 oo for

Toos I diodles.  The woltapes are of the” arder of
1.2 2% a1 threshoid. The forward ocerrent o
wroases rapidls weich voltoage foe o cdiode, as
Cermonsirated in Fig, $-22 50 thae anly 2 stmmall

fmnoreasss in woltage Breyond the threshoic waluae
will bramg e Surrent o TS OpeErarting podnt.
Cdnrpiat pronaeees For continuaously runminge Lasers
WA e OOl s ke are Evgricmiiv 3 — 130G
sz WAL Palsed Insers opesating: et Lo daoy owe-
cics can safely prodaces lacger poak powers.,
Bruan €700 Smserrs chear cam bBe pormecd omy and ofilr ae
Bigh rabtes are gnooe asefesl] fos o oormrmnemSos—
Licazis. Tlhie opermtintg Carrer:t is geresmily mbmust
20— G g albowe ke thiresbhold currsaot. Ron-
i at cwreenits hhgher than those sugsestogd by
kv romnmno oo willl shorten the Tifetheme of
chyvs Dizaoecle. £

OPHCAL POWER

TIME
Figure 6-23  Digatal modulation of 2 laser dinde.



igital mmeodulation of @ laser ddiodcde,
desrisrasteated dmn Fig. 6-23. differs frooem digbital
rmanciuiaciomn of asn LEIDD. A doe bias curnens Fue is
added o place thwe current st thoeshold sadhemn
rhee simoald owrment 7, is rero. A binacy I is gen-
eratlsd wwhen the sipnal current Sontains a oS-
Divee paalse, as skhertched inm the fipuore. “When b
azced mear threshold. the dicode will tarm oo
qreicier amd thee sipmal cuwrrent can be sorxalber
thizur wwitheowast thee BEms.

For anaiog modaiatgon., Fio, &2 the oo -
bims 15 rmoved beyond thireskhold,. o that opers-
Tioas  will be along thywe Hocar peoaticors of  thee
Frosss orecarment Shacacreristio curwes,. The lincor-
ity of the Iaser diods should be carefially

citeckead §if the analogs sipoal mmase be mepro-
duccd with: Tow harmnonic disportios,

ORI A POwiR

T
Figure 824 Alog madulation of & Lser divde.
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Three bivdt dovadenldn WA S o Sepln
nee Aed *
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I aser iccles are rmuech Mo O rTure T
sonsitive than LEIDxs. as Fig., $-25 illustrates For
a represcotative diods.  Aas the emype-erafueres i
creases. the diocode™ gain decreases so  thax
TS ARFrTent is roeguired before OscillorEonr oo
Tmegrizz. WAt ds, the threshold curment hocoosrnes
Eroater Cancroessing sbour LS9, This o
crzrs Deoucorser of thesrrmvak Eeneraticon of holes %
Zue s Ioaser and slectrons in e o laver "These
frero charges reoormbxicee with froes cleotrors ool
broles oulsdides the active layer, oocduscing: e
nurmsbeer ol charges reaching thar lasaer oo,
conseguently, roeducing the mumber of charpes
awoiinblde for the poroductioem of gradm amcd szisnas-
Latesd ermiEssicmn. In addivion, tiiormally Seesaer-
atedd holss and clocmons im thwe actise laver it
sl roeocormbines nonradiatwedsy, meducing the
porprrlaticon inversion. MAgmin, & codoothon Do
Eain Aagsud o inoresse i thoeshold cworaesne
s B R

RURCTRON-HOU o pipicaTion

LREATION R CON
A /
% /
Sy
L2
[l il 3
e o pentmon ko R . -_— V)
- ;MGIoN

Figure 7-13  Reach-through svsianche
phoodinde.

Sowmlarscixe curren: muuldpliication commes
abwosetr Jon the foliowing WD P phorom is ab-
sorteedd B thee d&p&m weg;tcn, eresiing o firce
wloctron and a froe Bo The laxge eloctrical

Forces a the dephat:on region cause thess

charpes W acoclerate. gaiming Kineric enseaaw
TACEme s Foavst chiamges ooliide with: mewtral wtosyos,
they oreczame addirionzal cloctron-holes pairs bw
nrsivi gy prart of thedir kinetic oencrgy o rousse
elacirons acooess the energy bandgap. Croc
acceleraving charge can pencrade sewveral meww
socondary charpges. The secomndscy chorges,
phesrmssalves, cam  accelesale ampd oot Swen
nors electron-Ihwole pades. This, tham, is B
procoss of avalanche maltikpiicatio.

pﬁmrmtmmn; o b Bhwe P orosion.  swhichy
has been deplotod OF foee charges by the nrge
restermes  wonlTasne. h*a essencs, the depletion e~
wioaey @t the pe-nT jupction has  Mreachod
Uurcuah™ o fhe v Iayer ‘.[“:tu: wionitagzes o
in  rmosily across e e jumcrtion,  whooes
the resuliing acge clhocrical Soroces coauss
Svslancihe uldpiicstion. In this device. oosi-

— M

riplicarion is ingtiared by clocmrons. Holes gen-
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UNIT 5

signal-to-noise ratio can be computed fromm the
circuir for & warierny of chrcuamstanoes,  We weill
cormputs e SR for the folfowing sitcartions:

‘E

-~

Cornsfans Dncident opnic povwey TThRis oo
oo o @ I in o Bdnaarw

renpoads o neooprtd

P TRE swsterm. WOe whill st comsider wase
wi 2 dotoctor witl: svo intesrnal srades (swech
2x = per or PIN diode) and then show the
ivpoowernment by wasingg o detector widh #oe-
Aewrnal gEmimm {such =s am el o o T _ph:m—

cdioadel o o uss.uzg heterodyne detecion.
Slrrasoidally warying opric posers This
cosrresponds o an  intensinyeennaoscdss Eabecd
analogr sigaal.

4):(#& D~ S — N

Figure 118 Photodesector receivi
including the equivaient sources of ?erm! ang
shat nioise.

Torstant Poswer

Iz this czse, the signal photocurrent has the
maoems Lot vadwe

Lo O 3—5)

B
she imcidens opaic possezr. Ths

g"& e

wobumre: P is

ESicsifn delivers aserage eiscitrical sigoal possses

Feg = ifl, = i \5 Ry L1 E-53

wir ther losd resiscor.
The awverage shot-poise power deliver-
=l by riwe loeud it 5y . which, wsing Egs.

1 31-3) and (L E-<4). boeoormeaes

Pres = Ze ..:,uf{-—-— -+ .'r_'ﬂ.:} Fo 2 E-G)
W made the substifution §, = w80 boe-
camse the cuarrent”™s inNstamiancouns asscd asecasge
walues are thie sammme for the cose of comsianc
Ch LIRS TomC S

mmﬁmmmxm PonALs e livered o thie
ioad is P« wihich can be wWwirkiicn as

Py o BT NN L£E1-TY

B wpsimgy Bag. €5 1-1) For the crrreini.
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Thue xi};mi:-l;a—-n:::&ﬂe ratio is thue avermEne o8 grracel’
prower dividesd Dy abe averaps posaior ocoawing Lo
zi1 odse sourcoes. Combining FEogs. L1 1-5%, €1 8-

2, arnd CF 1-T0, we obiain

s et il i il ot
~ DRy ALl + el R — AKT

L 1B}

Lot s imvestiganre sorme spocial cascs. Sup-
s thar the average sipnal curment CopeP A7
iz mmaxch largers thoan b dark current. Then Mo
can be dooppeed oo Bg. (EI-B)Y This simuam-
o occurs AaFf the dack currvena a5 somall and e
Crpiia prarsscEr is MmOt o o, Suppsose slso thuar
thre shhiot-moise paoreer oo excoeods the thesormal
prorevern. Then e term <A TA F can e ipoonsd.

s o hagppesen. The sigoal-po-meoise tatic then
sarmplifies Lo

5 e 1
" B A L3 1.9

irecd signal-to-noise ratio can be rowrittcn in
remms of the signal photoccurTent by combitting
Egs. 11--47 and (1 1-9) to obtain

5 g, e
# - 7 N i Dar M £18-31072

Lo farrunateiy, wee do ot aldways hawe wundisrs-
itedd prvoascer. WWhoen the power is fosae, theswmmal
oeise wmsualiv dormanasies  ower Sheog OB,
Themn, Bog. (1 1-8% soduces 2oy

S5 _ EBy(melP iyyd
& AR S

KEE-T K}

Tris ds ehe shermeal-molse-limoresd resuin., I is

SR increzses »s the sguare of the incident

LFUS peoraver.  Wwe conclacde dhat sckativeln stmiall

chimnges in Ssystem officioncy prodoce sigoodfi-

wamr ohanges in the cguality of the receivesd sig—
b b abeomali-nodse-limited swysremms.

Ll

Trerral Noise . e _BM

e remgaf muolse falso calied Johnsorm nodsse oo
Alvgiris X meised originates wiithin the photodo-
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ABRSAETHE TIAMT

Figure 11-1 Thermz! noise currens.

Decbon T Joxead ressistos By .. Elcctrons witkiEny o
refisoor pever emain sthuonary. Becaunss of
sheis shermal energy. ey oontinualiy mmose.
enera wwEth ne woltaze applied. The electron
rerotion is randorn, so the net Sow of charpe
conld e poward one elecirode or the orbses @
sy fmstany. Thus, a randossiy sasyving curmsnt
exizts fn dtee resistor, as piotesed in Fig. $I§-1.
Thiis is the theersmal esodses Correnmt am_ Ies suwerr—
ape waloes s zerns, The assrage Doise poweeT
g"@::z‘-ﬂmwﬁ within the resistor is R io.. where
in ciwe moearn-sgueaee walue of the chseswasal

£

MO S CurTest {The bar Indicates awversgse
3
& |
H
2
"
o e SIS %

Figure 1.2 Receiver current wher the optic "

power is constart, showing the signal degradation —
tavied by thermal noise. Figure 1.3 Therral noise equivstent carceit.

Figurs 11-2 shows thee resolts wihen oon-
srant optic powwer & illaminates the photosde-
LA, Imssead of romatriog Focecd T
£ w= e AR the load owrrent varics randomily
arazed iis value, "When the incident power is

The pressnce af thermal noise can be
maocdalied by thwe oguivalent circwic drawss dn
Fig. 13-3." Im this circuit. &; is an ideal meoise—
Fess raosisoor. Thees pmodse is prodzoed by a cure
OonT SOOI SerETaiime TS s - S e Surmernt

e 4&(3"-{3_ ciE-13

wehars A& s e Boltromauno OOrsSiRiet {Eeeesrs i
Tatbtiec 1-2ZF. T is the abs-t;:luie_ Terrperstiare R,
[SEeTed ﬂ_.i" :.:s» Situes maamcx = -::lwm‘a maw;am,

b

Lansear ek ge < }\q

Forrsevr rrepfze®t is an undesirable ranmcops uacms-
ation i fhe oarput of a lascr diode thar ooowes
ewven b the driving cwurrent is constamt. dT is



& ool Teristie assooiatod wekkls podor Lacseers et
is porsent 20 sosme extent in all of them. Loaser
rovisas resches a peak when mocdasioting a drode
Ak irs resonnant freguency (svpdcalliv a few giEga-
hoertel,. For this neasoom, baser ooise 1S ramoee: Sig-
mitTicanmt  for high-froguency  linkes aboaes  for
Toweer-Trequeency anes.  Wwell-coosmaoued  laser

Thie relarive-dinrensine modse [REMNY Qe
soriires dine acwouans of noise crmizmesd Doy dhe
laser Wie waidll incrodhoacos @ i e following
WA T S lasesr emmils an awerage power S A
plrorodelscos hawing responsivity g oon-
mectesd o @ receiver whose bandwsideky s JA 5
mrasuTes the laser cowrpmt.  The awversge oe—
oot current is gl buat the awvermge walue of
e sguace of the nodse cursens §ioe., e noise

szeriziaticons) fgbF

T = FRIN { o0 Ay LE 12y

The asvorags ORSe power generated bw thee
Exser ronst e

re— e
W = W iR Mo {13450

Certmirininog chiose ast twoe equatkions vicbds the
B,

s
BRI = 1F -5
- .

Fox umizs are (Fz)T'. Often the RIN is  ox-
proonsed A B SRy, wihiich is fuse,

Eoa
CRIN Yo e = 10 log (F?%F 1157



11.
Analog System Design

« Analog system design is the process of transmitting continuous
signals, like TV or radio waves, over optical fiber. It ensures that
the transmitted signal maintains its shape and quality while
minimizing noise and distortion. Key factors include power

budget, bandwidth, and signal-to-noise ratio (SNR). .

 Example: Cable TV transmission over fiber networks.

Key Focus: Clear signal transmission with minimal loss.

System Specifications
System Specification refers to design a simple point-to-point optical
communication system. The key aspects are: — 3 M
L.Purpose of the System

* The system transmits TV signals from a studio to a remote transmitter.

» It can also be used for security camera feeds or other video transmissions.
2.Bandwidth Requirement

« The signals cover a bandwidth of 6 MHz

* A signal-to-noise ratio (S/N) of 50 dB is required for a clear picture.
3. Transmission Medium

* The system uses optical fibers to carry the signals.

» Fiber length is estimated to be around 500 meters to a few kilometers.

Load Resistance:

*RL=(2rCdf-3dB)-1

“RL=[21(5x10~12)(6x10"6)]-1=5305 Q

Where “f-3dB” is the cut-off frequency, “Cd” is the capacitance of the PIN diode



Power Budget
» As we are using PIN diode ,we expect a Thermal-Noise limited System .
» We will proceed on this assumption and calculate received power,

S _ 0.5R(pPY

N 4T Af
Where, ’ L}- M

S/N =» Signal-to-Noise Ratio
RL => Load Resistance [Q]
p => PIN diode Responsivity [A/W]
P => Received Optical Power [W]
k=> Boltzmann’s Constant [1.38%10-23 J/K]
Te => Equivalent Noise Temperature [K]
Af=> Bandwidth) [Hz]
* The amount of light energy required to transmit signals successfully over distance through a fiber

optic communication is known as Power Budget.

Bandwidth Budget

The bandwidth budget is the allocation of available bandwidth across system
components to ensure proper signal transmission while minimizing losses and
distortions. It considers the combined bandwidths of source, fiber, and detector to
optimize system performance.

Rise Time Relationship: 2 ]Y)
The total system rise time t8 is given by the equation:

B=ts+ &+

where ,

tL.S= rise time of the light source,

ts = rise time of the fiber,

tPD = rise time of the photodetector.
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