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Attempt only (5) questions

Ql:
(a) Describe with the aid of the suitable equations the

(15 Marks)
main factors which limit the speed

of response in the photodiode.

(b) A lens-coupled surface-emitting LED launches 190 pW of optical power into a
multimode step index fiber when a forward current of 25 mA is flowing through the

device. Determine the overall power conversion efficiency when the corresponding

forward voltage across the diode is 1.5 V. (5 Marks)

Q2: (10 Marks)
(a) Explain with the aid of the suitable diagrams and equations the fiber bending loss.

(b) An optical fiber has a numerical aperture of 0.2 and a cladding refractive index of
1.59. Determine: (10 Marks)
1. The acceptance angle of the fiber in water which has a refractive index of 1.33.

2. The critical angle at the core--cladding interface.

Q3: (lo Marls)
(a) Outline with the aid of the suitable diagrams the light generating mechanisms.

(b) A photodiode has a quantum effrciency of 65oh when photons of energy 1.5 x lg-le J

are incident upon it. (10 Marks)
(1) At what wavelength is the photodiode operating?

(2) Calculate the incident optical power required to obtain a photocur-rent of 2.5 pA

when l.he phutodiode is operating as clescribecl above.



Q4: 
(10 Marks)

(a) Explain with the aid of the suitable diagrams the intersymbol interference (ISI)'

(b) what are the main parts of the fiber optic transmitter? Explain the role of

each part. (10 Marks)

/'/^t-- ' QoMarks)
QSt.'

Ligtt traveling in air strikes a glass plate at an angle el: 33 o, where Ot is measured

between the incomi ngray and the glass surface. Upon striking the glass, part of the beam

is reflected and part is refracted. If the refracted and the reflected beams make an angle of

g0.witheachother,whatistherefractiveindexoftheglass?Whatisthecriticalanglefor

this glass?

Q6i

D"ftn. the following terms with

l. Reflection

2.Refraction

3. Snell's law

4. Critical angle

5. Total internal reflection

(20 Marks)

the aid of the suitable diagrams and equations:

Notice:
Speed of light (vacuum)

Plank's constant

Electronic charge

Boltzmann's constattt

c= 2.998 x 108 m/s

h:6.626 x 10-3aJ

e: L.602 x 10-1eC

k-1.38 ^to-zz1lcl

GOOD LUCK
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Solution
Ql:
(a)

1. Drift time of carriers through the depletion region: The speed of response of a

photodiode is fundamentally limited by the time it takes photogenerated carriers to drift
across the depletion region. When the field in the depletion region exceeds a saturation
value, the carriers may be assumed to travel at a constant (maximum) drift velocity ud.
The longest transit time, t6n, is for carriers, which must traverse the full depletion layer
width w and is given by:

r-Wt"drift - fi
2. Diffusion time: of carriers generated outside the depletion region. Carrier diffusion is
a comparatively slow process where the time taken, t616, for carriers to diffuse a distance
d may be written as:

4z
tairr = 75;

where Dc is the minority carier diffrrsion coefficient.

3. Time constant incurred by the capacitance of the photodiode with its load. A reverse
biased photodiode exhibits a voltage-dependent capacitance caused by the variation in
the stored charge at the junction. The junction capacitance cj is given by:

srA
Lj =T

where e, is the permittivity of the semiconductor material and A is the diode junction
atea.

(b)

190 x 10-6

25x10-3x1.5 = 5.1 x 10-3nor=?=

Q2:
(a)

Optical fibers suffer radiation losses at bends or curves on their paths. This is due to the
energy in the evanescent field at the bend exceeding the velocity of light in the cladding
and hence the guidance mechanism is inhibited, which causes light energy to be radiated
from the fiber. An illustration of this situation is shown in the figure below:

The above criteria for the reduction of bend losses also apply to SMF, the critical radius
of curvature for a SMF Rcsvr can be estimated as:

207. /- Lr-3
Rcsur = R12.748 - 0.996" )(nr - fr) t2 \ nc,/

where ivc is the cutoff wavelength for the SMF.
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Furthermore, large bending losses tend to occur in multimode fibers at a critical radius of
curvature Rclnrr which may be estimated from:

3n?A
trcMMF --"v'q'F ar@l-nf)r/z

(b)

NA = nssin'' 1 0o = stn-! (#) = sdn-1 (#) = 8.640

NA=(r?-n)} - rlt =J@=1lffip1.6
ec = sin-r (X) = sin-L (#) = 83.5eo

Q3:
(a)

An electron sitting in the conduction band can drop down into a hole in the valence band,

thereby returning an atom to its neutral state. This process is called recombination (or
electron-hole pair recombination), since an electron recombines with a hole. This

recombination process releases energy in the form of a photon and is the basis by which

a source emits light.
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(b)

(r)1

(2)R
1.s x1o-1e

hc

E

ne=-hf

Iol=:.D
,o

It

6.62 6 xlo-s a xzgg} x Log

1.s x1o-1e

o.6s x1.602 x 1o-1e

- I.32 pm

: 0.694 AW-1

9Po =2 =" ^'=!^Y = 36.02 ttwR 0.694
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Q4:
(a)

The phenomenon is illustated in the figtre below, where it may be observed that each

pulse broadens and overlaps with its neighbors, eventually becoming indistinguishable at

the receiver input. The effect is known as intersymbol interference (ISI).*l 
11 |\[

(b)
l.Interface circuit

The interface circuit accepts the incoming electrical signal and processes it to make it
compatible with the source drive circuit.

2. Source drive circuit.

The source drive circuit intensity modulates the optical source by varying the current

thnough the source.

3. Optical source.

An optical source converts electical energy (currenQ into optical energy 0igh0.
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solulion ; Given drlr . r *a.-
Assun* r.{*o 

dete : or = 3r and Pr= ry
Ancordrg ," m,ff; 

of air = r.oo

suppose n1 i$ rcfrartive **Q]
n; is ra&actl.e indcx of air = I.0{tt2 sing2 *. nl sinft
Dr E 1{._$:g*. _singo

Refractive inr 
$not - mE'

Frorr dcfinttiosr 1T 
* glas's = rl i = 1636

anc $r = g. 
of critirmt aa8h sl = gff

*in gc = l:- srn g.,
.r I

*in $r I
ile sin 9F

= 0.S{

or = sin*t(0s,itl

Or = J2.eg'
Critcat aqgh = JafSo
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&fi€dion

r Tle lar,r' of reflc.crisr states that when a light ray is incident upan a

_ n{tectiw sufte at sofii€ insidcrrt angle Sr from imagrnary perpendicular

nonnal, the ray will b reflecH from thc surfae at some anglc S1 frorn

nonnal which is equal to the angle of incidencc.

I Refrac{iue ln(H
. Th€ amgunt of rchaction or bcndrng that occurs at the interface of twa

malerials of diffen:nt derrsiti{€ is usually cxpressr:d as rcfracuve index Qf hrs
materials. Refractive index is alrc known as inder of ttfiraction and is

denoted by n.

r Beed sr material density, thc vekactive index is ocpreed as the ratio of
tle velmity of tight in free space to the velocity of tight of the dielectric
rnaterial (substance).

R*fracrir.e index . = : SPTg:f lislt !n"il .- = 
c

Sf*d cf liglrt in nrcxlrum 'u

The refractire index for vacuum and air is 1,S for rvater it is 1.3 and for glass
rcfractive index is 15.

Snelfs Lm
r Snell's lar,r' states how lighl ray neacls whrn it mcrts the interFace of tlvo

medta havrng differclrt indexes of rehactien

r Lnt the trvo medias have refractit'e indexes n1 and nl where r 1 )n:,

0r and 9: h the angles of incidence and angle of refractiqr respcctivclv Thcn
rccording to Sncll's IEw, a reladonship exists behvc+n the refractive index af both
natcrials grven by.





TIR total internal reflection
wh€n the incident angle is increased bgnnd the critical angle, ttn tight nydoes not pass tluoush the interfacc iato the other medium" This gi'es tlreeffect of rnirrsr sist at the interface with-no po*sitririty of light escapngoutside the m*diurn. tn this condifion angh of reftcrt'on (qj'i, 

"rJ';an$e of incidence (o1)- nri" actisn is called as Totel Internal ReflectionfiB) of tre bean.' rt rs TIR that reads to the propagation of wavcrs *r,ithinfiber<.rbh mrdium- TIR can be obsened onry in materiars in which thevelocity of light is less tlurn in air.

The two conditiOns recessar)' for TIR to occur arc :

The refrartil'e index sf first mediurn must be greatrr &an the refractrve rndexof sc'cond one.

The arrgle of incidence must be Brea*r than (or eq'ar ro) gre criticar ance.

Critical angle

a

l{tren the angle of incidence {0,) ir progressivery increased. there wdr beprogre'ssive of refractive angre (ol). et soms c'ndition (01) the*F":,ungt€ {s2) beconxs gOp ro'the normar whcn this happcns there&acted light ray travelc d*g the interface. The angre-ot ir*iao*u (o1) atthe point at which tle refracbve angre (o=) u*o** il ; calr€d tle criticelengle. It rs denotd by g".

The criticar mgl" rs defined as tlre minimum angre of incidrnce {sr} at
which the ray s*irces the inter{ace of twc media and er.rss en angre ofre{ractbn (e3) equar to g{1". Fig. 1.65 shows criticar angre rtfaction.




