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ELEC ENG – ECE756 Design of Lightwave Communication Systems and Networks
INSTRUCTOR NAME
                                             S. Kumar

DURATION OF EXAMINATION: 3 hours                                                  April 16, 2009
McMASTER UNIVERSITY FINAL EXAMINATION

THIS EXAMINATION PAPER INCLUDES 5 PAGES AND 6 QUESTIONS. YOU ARE RESPONSIBLE FOR ENSURING THAT YOUR COPY OF THE PAPER IS COMPLETE. BRING ANY DISCREPANCY TO THE ATTENTION OF YOUR INVIGILATOR.

Special Instructions:

                     Use of any calculator is allowed.

                     Answer all the questions.
Good luck and have a great summer!

1. Electrical field intensity in a medium is given by the three dimensional wave equation
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      Show that its solution is 
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     where f is an arbitrary function and 
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                                                                                       4 marks
2a. The average optical power output of the transmitter shown in the figure is 2 mW.  The fiber-optic link consists of a transmission fiber (TF) followed by a dispersion compensation fiber (DCF). The transmission fiber has a dispersion coefficient (β2 ) = -21 ps2 /km, loss coefficient = 0.25 dB/km and length = 50 Km. The DCF has a loss coefficient of 0.3 dB/km. The output of the DCF is connected to an amplifier of gain G= 18 dB. (a) Find the length of DCF so that the average output power of the amplifier is 3 mW. (b) Find the dispersion coefficient (β2 ) of the DCF such that the pulse width (FWHM) at the output of DCF is twice the pulse width (FWHM) at the input of the TF. Assume that a Gaussian pulse with FWHM = 12.5 ps is incident on the TF. Ignore β1 .
                                                                                                                             7 marks                          
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(Hint: Suppose a Gaussian pulse with half-width at 1/e-intensity point T0 is incident on a fiber system with the transfer function
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 electric field envelope at the output is given by    
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2b. Explain the meaning of (a) numerical aperture and (b) Rayleigh scattering in optical fibers.                                                                                                              4 marks
3a. A 250 micron long InGaAsP  laser has an internal loss =  40 cm-1 , mirror loss = 

100 cm-1, refractive index = 3.4. Calculate (a) photon life time and (b) threshold 

 electron density. Assume that gain varies as G = G0(N-N0) with G0 = 2.64 x 10-12 

  m3/s    and N0 =  0.5 x 1024 m-3.                                                                   5  marks
3b. In a direct band-gap material, an electron in the conduction band having a crystal momentum of 7.84 
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 Kgm/s makes a transition to the valence band emitting electromagnetic wave of wavelength 0.8 micron. Calculate the band-gap energy.  Assume that the effective mass of electron in the conduction band is 0.07m and that in the valence band is 0.5m where m is the electron rest mass. Assume parabolic conduction and valence bands.                                                                                                   5 marks
4a. A photodiode has the following parameters:

                Time constant of RC circuit (τRC) = 0.5 ps

                 Drift speed vd = 105 m/s

                 Absorption coefficient α = 2 x 106 m-1.

This photodiode is used in a receiver circuit of an optical transmission system operating at 10 Gb/s. It is desired that the bandwidth should be > 10 GHz and quantum efficiency η > 0.8. Find the range for depletion layer width w that satisfies the above design constraints.                                                                                                         5 marks
4b. Show that the SNR of a PIN photo-detector in the presence of shot noise and thermal noise is given by 
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where 
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 is the responsivity, 
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P

 is the incident power, 
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D

=effective bandwidth  , 
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R

=load resistance, 
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= absolute temperature.                                                5 marks

5a. Two amplifiers with gain G1 and G2 are connected in tandem as shown in the figure. Derive a mathematical expression for the variance of the noise current due to signal-amplifier noise beating.  Assume that the spontaneous emission factor nsp is unity for both amplifiers and the power spectral density of the amplifier j is 

[image: image14.wmf].

2

,

1

         

),

1

(

)

(

     

=

-

=

j

G

hf

f

PSD

j

j


where  
[image: image15.wmf]h

=Planck’s constant, f = optical frequency. Assume that 
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D

is one-sided 

bandwidth of a receiver (assumed to be ideal low pass filter) and 
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P

 is the transmitter output power.                                                                                                  5 marks                                                                                                   


[image: image18]
5b. Explain the difference between direct detection and coherent detection schemes. Can you detect the PSK signal using a coherent detector?                                           4 marks
6. The input power of a MZ modulator is P. It is desired that the output power of a MZM is P for bit ‘1’ and P/2 for bit ‘0’. The message signal, m(t) to the MZ modulator is a polar NRZ with A volts for bit ‘1’ and –A volts for bit ‘0’.  If the half-wave voltage, 
[image: image19.wmf]p

V

= 3 V, find A and the bias voltage. Assume that the MZ modulator is lossless and chirp-free. Choose A and bias voltage such that their absolute values are the lowest (for minimum power).                                                                                               6 marks
Useful information

Speed of light in vacuum          c                        2.99793
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m/s

Electron charge                         q                        1.60218 
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C

Electron rest mass                     m                        9.109  
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Kg

Planck’s constant                      h                         6.625
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J.s

Boltzmann’s constant               kB                        1.38054
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J/K

1 eV = 1.60218
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 J.

The power in dBm unit is given by
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Numerical Aperture, NA = 
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n

=core index, and 
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n

= cladding index.

The transfer function of a single mode optical fiber is given by
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For Gaussian pulse
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T

=half width at 1/e-intensity point.
The quantum efficiency η and responsivity R of a photodiode are related by
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The power spectral density (PSD) of shot noise is 
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and that of thermal noise is
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Total loss in the cavity is given by
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Photon life time is
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v is velocity of light in the medium.

The rate equations governing photon density and electron density are given by
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The threshold current density is
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Optical power generated in a semiconductor laser is
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Energy density = photon density * h*f

Optical intensity = energy density * v 

MZ modulator transfer function:
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