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PEEC 4302
Fifth Semester Examination — 2011
FIBER OPTICS AND OPTOELECTRONIC DEVICES

Full Marks —70

Time: 3-Hours

Answer Question No. 1 which is compulsory and any five from the rest.

~

The figures in the right-hand margin indicate marks.

Use the following physical constants wherever necessary :
~ Elementary charge, q = 1.6 x107"° C
Planck’s constant, h = 6.6 x 107%* J-s
Speed of light in vacuum, ¢ = 3x10° m/s

1. Answer the following questions : 2x10

(a)

(b)

Define optical bandwidth of a fiber-optic system with the help of a neat
Frequency-Output power characteristic.
For a typical LED, the relative spectral width, v = 0.030. This source is

A2 @
g2
wavelength. What is the pulse broadening per km due to material

dispersion ?

What is the difference between phase velocity and group velocity ? Write
expressions for these ?

coupled to a pure silica fiber with = 0.020 at the operating

A graded index fiber has a triangular profile with n0~: 1.48 and A = 0.02.
If it is excited by a source of L = 1.0um, what is the range of phase
propagation constants for the modes supported by the fiber ? If the core
diameter of this fiber is 50um, what is the value of the normalized
frequency parameter ?

Define MFD. How is it related to the V-parameter ?

P.T.O.
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(f) (i) What type of optical fiber can be drawn from a solid preform
(formed by collapsing a solid rod or hollow tube deposited by the
vapour-phase oxidation method) ?

(w) Multimode Sl fibers, (x) Multimode Gl fiber,
(y) Single-mode fibers, (z) all of these.
(ii) If two optical fibers with different diameters are to be spliced, which
of the following mechanical splices will be most suitable ?
(w) Snug tube splice, (x) Loose tube splice, *
(y) Spring-groove splice, (z) V-groove splice.

(g) Calculate the injection efficiency of a GaAs diode in which N,= 10% m™,
Ny = 10°'m™°. Assume that at Room temperature of 300 K,
He= 0.85m°V's™ u, = 0.04 m*V's™ and L, ~ L,.

(h) Distinguish between a p-n diode and a p-i-n diode, and an APD. Is it
possible to make these three types of photodiodes using the same
semiconductor?

(i)  What is the electro-optic effect? How can this effect be used for —
modulating the phase of an optical signal ?

(j) Distinguish between the amplification process in
(i) an EDFA and

(i) a FRA.
2. (a) Distinguish between a splice and a connector. 3
(b) How can.one avoid or reduce loss due to Fresnel reflection at a joint ?
3
(c) Distinguish between fusion and mechanical splicing of optical fibers.
Discuss the advantages and drawbacks of these techniques. .4
3. (a) Animpulse is launched into an optical fiber and the received pulse is
triangular as shown in the Figure below. Calculate : 6

(iy total energy in the pulse,
(i) mean pulse arrival time,
(iii) the rms pulse width.

p(t)
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(b) A step-index single-mode fiber has a core index of 1.48 and A = 1%.

If the material dispersion at 1.55 um for this fiber is 7 ps nm~ km™,

what should the radius of the core be so that the total dispersion at this
wavelength is zero ? 4

4. (a) The avalanche photodiode and the photo-conducting detector both pro-
vide gain. Compare their merits for use in optical communication and

other applications. 4

(b) Define quantum efficiency and responsivity of a p-n diode. 2

(c) An APD has a quantum efficiency of 50% at 1.3 um. When illuminated

with optical power of 0.4 uW at this wavelength it produces an output
photocurrent of 0.8 pA, after avalanche gain. Calculate the multiplication

factor of the diode. 4

5. Atypical transverse electro-optic modulator uses a lithium niobate crystal and
operates at 550 nm. Physical parameters of the crystal at 550 nm can be

taken as :
Refractive index Electro-optic coefficient
n, Ne Fsg (10'2 M/V)
229 2.20 30.8

(a) Calculate the length of the crystal required to produce a phase difference

of /2 between the emergent field components with zero applied voltage.

4

(b) Calculate the width of the crystal required to produce an additional phase
difference of 1/2 between these components with an applied voltage of

20 V. 3 : 4

(c) Calculate the half-wave voltage V_ fcr the crystal 2

6. (a) Explain with the help of a neat schematic diagram the basic principle of
operation of semiconductor optical amplifier (SOA). 4

(b) Show that the power conversion efficiency (PCE) of an EDFA, which is

Ps,out =

Pp,in

of its quantum conversion efficiency (QCE), which is defined as

defined as PCE = * s less then unity; and the maximum value

IS
QCE =

—= (PCE) is unity. 6
)\‘P
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7. A GaAs LED is forward biased with a current of 120 mA and a voltage of
1.5 V. Each emitted photon possesses an energy of 1.43 eV, and the
refractive index of GaAs is 3.7. The configuration of the Led is such that we
may neglect back emission and self—absorptfon within the semiconductor.
Assuming the internal quantum efficiency of the Led to be 60%, calculate :
(a) the internal power efficiency of the device and
(b) the external power efficiency of the device. 10

8.  Briefly answer any two of the following : 5%2

(a) Mention the optical components that are required for implementation of
WDM. Classify these components in to active and passive components.

(b) What are the different type solar cells ? Explain the principle of operation
of a homojunction solar cell.

(c) Why optoelectronic modulators are used in optical communication ? Draw
schematic diagram for a longitudinal electro optic amplitude modulator,
denoting different elements.

(d) Explain the double crucible method for fabrication of an optical fiber with a
suitable diagram. How the refractive index profile can be changed in this method.
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