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OBJECTIVES 

 To know the basics of solid state physics and understand the nature and characteristics 

of light. 

 To understand different methods of luminescence, display devices and laser types and 

their 

applications. 

 To learn the principle of optical detection mechanism in different detection devices. 

 To understand different light modulation techniques and the concepts and applications 

of optical switching. 

 To study the integration process and application of optoelectronic integrated circuits in 

Transmitters and receivers. 

 

INTEN DE D OUTCOMES: 

 Thorough kno wledge in the basics of solid state physics and characteristics of light. 
 Knowledge in different methods of luminescence, display devices and 

laser types and their applications. 

 Adequate knowledge about the principle of optical detection mechanism in 

different detection devices. 

 Adequate knowledge about different light modulation techniques and the 

concepts and applications of optical switching. 
 Adequate knowledge about the integration process and application of opto 

electronic integrated circuits in transmitters and receivers. 
 

UNIT-I ELEME N TS OF LIGHTAND SOLID STATE PHYSICS 

Wave nature of light, Polarization, Interference, Diffraction, Light Source, review of Quantum 
Mechanical concept, Review of Solid State Physics, Review of Semiconductor Physics and  
Semiconductor Junction Device. 

UNIT-II DISPL A Y DEVICES AND LASERS 

Introduction, Photo Luminescence, Cathode Luminescence, Electro Luminescence, Injection 
Luminescence, Injection Luminescence, LED, Plasma Display, Liquid Crystal Displays, 

Numeric Displays, Laser Emission, Absorption, Radiation, Population Inversion, Optical 
Feedback, Threshold condition, Laser Modes, Classes of Lasers, Mode Locking, laser 

applications. 

UNIT-III OPTICAL DETECTION DEVICES 

Photo detector, Thermal detector, Photo Devices, Photo Conductors, Photo diodes, Detector 

Performance. 
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UNIT-IV      OPTO ELECTRO NIC MODULATOR 

Introduction, Analog and Digital Modulation, Electro-optic modulators, Magneto Optic 

Devices, Acoustic optic devices, Optical, Switching and Logic Devices. 

 

UNIT-V OPTO ELECTRO NIC INTEGRATED CIRCUITS 

Introduction, hybrid and Mono Lithic Integration, Application of Opto Electronic Integrated 

Circuits, Integrated transmitters and Receivers, Guided wave devices. 

 

 

 TEXTBOOK: 
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NAME OF THE STAFF : Dr.A.MOHANARATHINAM 

DESIGNATION       : ASSISTANT PROFESSOR 

CLASS         : B.E-III YEAR ECE  

SUBJECT           : OPTO ELECTRONIC DEVICES  

SUBJECT CODE         : 17BEEC6E12   

S.No TOPICS TO BE COVERED TIME 
DURATION 

SUPPORTING 
MATERIALS 

TEACHING 
AIDS 

UNIT-I ELEMENTS OF LIGHTAND SOLID STATE PHYSICS 

1 Wave nature of light 01 T1- Page.no : 3-10 
 

BB 

2 Polarization 01 T1- Page.no :9,10 BB 

3 Interference 01 T1 Page.no : 14-22 BB 

4 Diffraction 01 T1- Page.no : 14-22 BB 

5 Light Source 01 T1 Page.no. 28-32 BB 

6 review of Quantum Mechanical 

concept 
01 T1 page.no. 37-42 BB 

7 Review of Solid State Physics 01 T1 page.no.42-48 BB 

 8 Review of Semiconductor 

Physics 
01 T1 page.no.51-52 BB 

9 Review of and Semiconductor 

Junction Device. 
01 T1 page.no.60-83 BB 

Total Lecture Hours 09 
Total Hours 09 

 

UNIT-II     DISPLAY DEVICES AND LASERS  

10 Introduction, Photo 

Luminescence, ,  
01 T1 Page.no 129-132 

 
PPT , BB 

11 Cathode Luminescence, Electro 

Luminescence 

01 

 

T1 Page.no 132-138 PPT , BB 

12 Injection Luminescence, LED 01 T1 Page.no 138-155 PPT , BB 
13 Plasma Display, Liquid Crystal 

Displays 

01 

 

T1 Page.no 155-162 PPT , BB 

14 Numeric Displays 01 T1 Page.no 162-166 PPT , BB 
15 Laser Emission, Absorption, 

Radiation, Population Inversion, 

01 T1 Page.no 169-179 PPT , BB 

16 Optical Feedback, Threshold 

condition 

01 T1 Page.no  179-182 PPT , BB 

17 Laser Modes, Classes of Lasers, 01 T1 Page.no  190-239 PPT , BB 



18 Mode Locking, laser 
applications. 

01 T1 Page.no  250-254, 

                     258-268 
PPT , BB 

Total Lecture Hours 09 

Total Hours 09 

 

UNIT-III  OPTICAL DETECTION DEVICES 
19 Photo detector 01 T1 Page.no.296-299 BB, PPT 

20 Thermal detector 01 T1 Page.no.299-302 BB, PPT 

21 Photo Devices 02 T1 Page.no.303-305 BB, PPT 

22 Photo Conductors 02 T1 Page.no.314-324 BB 

23 Photo diodes 02 T1 Page.no.305-306 BB 

24 Detector Performance 01 T1 Page.no.293-296 BB 

Total Lecture Hours 09 

Total Hours 09 

 

UNIT-IV  OPTO ELECTRONIC MODULATOR  

25 Introduction 
 

01 T1 Page.no.428 BB 

26 Analog and Digital Modulation 01 T1 Page.no 429-436 BB 

27 Electro-optic modulators 01 T1 Page.no 107-108 BB,PPT 

28 Magneto Optic Devices 02 T1 Page.no 110-114 BB,PPT 

29 Acoustic optic devices 02 T1 Page.no 114-116 BB 

30 Optical, Switching and Logic 

Devices 

02 T1 Page.no 108-110 BB 

Total Lecture Hours 09 

Total Hours 09 

 

UNIT-V  OPTO ELECTRONIC INTEGRATED CIRCUITS 

31 Introduction 01 R1 Page.no 484 BB 

32 hybrid and Mono Lithic Integration 02 R1 Page.no 484-487 BB,PPT 

33 Application of Opto Electronic 

Integrated Circuits 

02 R1 Page.no 487-489 BB 

34 Integrated transmitters 01 R1 Page.no 491-501 BB 

35 Integrated Receivers 01 R1 Page.no 502-510 BB 

36 Guided wave devices 
 

02 R1 Page.no 510-516 BB 

Total Lecture Hours 09 

Total  Hours 09 

 

Total No of Lecture Hours Planned:   45 Hrs 

Total No of Hours Planned      :   45 Hours 
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unit

    Silicon photodiodes are used in the range of 

 At the receiver , a photodiode will detect the weakened optical signal and it is 
converted into 

Relation between the energy E and frequency V of a photon is  

   Multimode fibers are suffered by 

As the angle of incidence Φ1 in an optically denser material becomes larger, 
the refracted angle Φ2 approaches 

The propagation of light along a waveguide can be described in terms of a set 
of guided EM waves called  

calculate total no. of guided modes propagating in the MM Step Index fiber 
having diameter of 50µm and NA of 0.2 and λ is 1 µm 

The angle Φ1 between the incident ray and normal to surface is called

When light traveling in a certain medium is reflected off an optically denser 
material, this process is referred to  

 The boundary between truly guided modes and leaky modes is given by 

 A SM optical fiber has a beat length of 8cm at 1300nm determine its modal 
birefringence  

  The relative RI difference for an optical fiber is 0.05. If the entrance end of 
fiber is facing the air medium and RI of core is 1.46, estimate its NA   



calculate the Vnumber for the fiber  having n1 = 1.53, n2 = 1.50 and λ0 = 1 µm, 
radius of core is 50 µm   

  In practical step-Index fibers the core of radius a, has a Refractive Index  n1  
which is typically equal to 

 The numerical aperture of a step-Index fiber for meridional ray is given by  

 In communication channel information is superimposing onto a sinusoidally 
varying EM wave is known as 

What is the operating rate of N independent information streams, each running 
at a data rate of R bits per second 

The majority of fibers are made of glass material which consists of  

Standard silica fibers have a much larger signal dispersion at  

 Why optical amplifiers are used in fiber transmission to  

A silica optical fiber has a core RI of 1.50 and a cladding RI of 1.47 , what is its 
critical angle at core cladding interface  

  What is the operating range of long wavelength region 

   Suppose a fiber has a diameter of 5µm and its core RI is 1.450 , cladding RI is 
1.447. If the wavelength of propagation is 1µm, how many modes can be 
propagated inside the fiber    

  An optical fiber in air has an NA of 0.3 what is the acceptance angle for 
meridional rays   

 Find the core radius necessary for SM operation at 850nm of step index fiber 
with n1 = 1.480, n2 = 1.465  



 A step index fiber has a core diameter of 200 µm and NA is 0.3, compute the 
no. of propagating modes at an wavelength of 850 µm   

  calculate the maximum no. of modes propagating through the fiber having  n1  
= 1.53, n2 = 1.50 and λ0 = 1 µm, radius of core is 50 µm     

What is the operating range of EDFA 

 Light can be launched into a multimode fiber using a  

 calculate the no. of guided modes through the graded index fiber having NA 
0.21, index profile 1.85 and radius of core is 25 µm at wavelength of 1.3 µm  



opt1 opt2 opt3

   800-900nm 1100-1600nm  1310-1550nm  

Electric current     Photocurrent      Bias current  

  E = hV    h = EV E = h / V  

Intermodal dispersion    Intramodal dispersion     Signal dispersion   

 Π / 4   3Π / 4  Π / 2 

Modes    Bound   Core   

    490  940 944

 Incident ray     Angle of incidence    Normal angle   

 Internal reflection    External reflection  Reflected ray 

   β = n1 k  β = Δ k    β = λ k 

 1.62 X 10-5 1.63 X 10-5  
 1.64 X 10-5  

0.16 0.26 0.36



61.72   72.72   83.72

1.18   1.84  1.44

  n2 (2Δ)1/2 n1 (2Δ)1/2 Δ (2 n1)
1/2

 Message signal  Carrier signal  Modulated signal

N/R bits per second     N bits per second  R/N bits per second 

    Sio2  Better accuracy  GaAs     InGaAs   

   800 than at 900nm  850 than at 1310nm    1550 than at 1300nm   

  Boost capacity   Reduce signal dispersion   Equipment redundancy  

    71.20  
  78.50   77.4

   800-900nm 1100-1600nm  1310-1550nm  

1 2 3

18.460  Event driven simulations19.460  Circuit driven simulations    17.460  Hardware emulation

   1.554 µm  1.654 µm 1.754 µm



    14589 modes   24589 modes   34589 modes  

  4286  4486    4686  

  850nm 1310nm 1550nm

    LCD     LED      Laser  

455 355 255



opt4 opt5 opt6

 800-1600nm 

Negative current  

V = E / h

Wave dispersion   

Π  

Cladding

499

Incident angle

Refracted ray

β = n2 k   

1.65 X 10-5  

0.46



94.72

1.48

Δ (2 n2)
1/2

Demodulated signal 

NXR bits per second

InGaAsP  

1700 than at 1500nm  

Detect link failure  

74.5

 800-1600nm

4

16.460  Cyclic driven simulations

1.854 µm



44589 modes  

4886

1300nm

Photodiode 

155



Answer

    800-900nm 

   Photocurrent   

   E = hV  

   Intermodal dispersion  

 Π / 2 

 Modes  

490

   Angle of incidence   

External reflection  

β = n2 k   

 1.63 X 10-5  

0.46



94.72

1.48

    n1 (2Δ)1/2

 Carrier signal

NXR bits per second

 Sio2  Better accuracy

 1550 than at 1300nm   

Boost capacity  

    78.50   

1100-1600nm  

1

17.460  Hardware emulation

 1.554 µm



a 24589 modes  

4486

   1550nm

    LED  

155



Questions opt1
The peaks and valleys in attenuation curve resulted in 
designation of various  Transmission losses   
  The  latter effect is often referred to as     Fiber loss  

   Attenuation plays a major role in determining   maximum pulse broadening

The young’s modulus of  fused silica glass is about      45 Gpa    

Rayleigh scattering loss is inversely proportional to   Square of wavelength  
    In case of SM fiber, the core cladding loss is Maximum
A useful means of characterizing PMD for long fiber 
lengths is in terms of mean value of  Differential group delay

  In the case of MM fiber, the relative RI difference is    Large   
 The dispersion effect can be explained on the 
behavior of    Guided modes  

Intramodal dispersion arises due to the dependence on rms pulse width
  Attenuation coefficient is expressed in units of   dB/Km3   
The amount of waveguide dispersion depends on   Fiber material    
A measure of information capacity of an optical 
waveguide is usually specified by Information distance product
   Intermodal dispersion is otherwise called as      Chromatic dispersion
Material dispersion is otherwise called Chromatic dispersion

  As light travels along a fiber, its power  increase exponentially with distance

Polarization mode dispersion is measured in terms of  Group velocity
The larger value of PMD for the aerial cable is caused 
by sudden changes in Frequency

Which one is correct order
Multimode dispersion > Waveguide 
dispersion ˃ Material dispersion

Raman scattering occurs at     Low power input signal(<10mw)

 Signal transmitting through the fiber is degraded by   attenuation and dispersion
 α is generally referred as     Fiber absorption   
 The  impurity levels in vapor phase deposition process 
are usually  One to eight orders of magnitude lower      
The young’s modulus of common jacket materials 
ranges from 10 to 400 Mpa

Intermodal dispersion  arises due to
Variation of RI for each mode at a single 
frequency



Material dispersion arises due to variation of  RI of core material with wavelength    

 The distortion mechanisms in a fiber cause   optical signal flattening

  Optical powers are commonly expressed in units of  dB m
The transition metal impurities which are present in 
starting materials   used for   Direct melt fibers b/w 1 & 10(ppb)  
The  total dose a material receives is expressed in units 
of  rad/si     



opt2 opt3 opt4

Transmission distance    Transmission power   Transmission windows   
Coupling   Cabling    Bending    

maximum transmission distance maximum radiative losses
maximum structural 
imperfection

    55 Gpa      65 Gpa     75 Gpa     

Cube of wavelength  Fourth power  of wavelength  Eighth power of wavelength  
Minimum     Slightly higher  Negligible  

 Differential group velocity Differential spectral width Differential time delay     

Small Equal to one Negligible

rms pulse width Group delay Group velocity

Fiber material Group velocity on wavelength
Bandwidth of transmitted 
pulse

    dB/Km2   dB/Km   dB.Km   
Operating wavelength Waveguide Fiber design

Bandwidth distance product Bit rate Data rate
Material dispersion Single mode dispersion Multimode dispersion
Material dispersion Single mode dispersion Multimode dispersion
Decreases exponentially with 
distance   increase exponentially with time

decrease exponentially with 
time

  Pulse broadening  Group delay Rms pulse width  

Temperature Power Velocity 

Waveguide dispersion > Material 
dispersion ˃  MulƟmode dispersion

 Multimode dispersion > Material 
dispersion > Waveguide dispersion

 Material dispersion >  
Waveguide dispersion ˃ 
Multimode dispersion

High power input signal(>100mw)
 Slightly high power input 
signal(˃10mw) 

Very Low power input 
signal(<1mw)

reflection refraction emission
Fiber scattering  Fiber scattering  Fiber loss    
One to three orders of magnitude 
lower    

 One to two orders of magnitude 
lower   

One to four orders of 
magnitude lower  

20 to 400 Mpa     10 to 500 Mpa    20 to 500 Mpa    

Variation of group velocity for each 
mode at a single frequency

Variation of  index difference for 
each mode at a single frequency

Variation of index profile for 
each mode at a single 
frequency



 Group velocity on wavelength Bandwidth of transmitted pulse none of these

optical signal degradation optical signal distortion
optical signal pulses to 
broaden 

dB/m db km db/km

   Bulk silicon b/w 1 & 10(ppb)  
  (ppb Indirect melt fibers b/w 1 & 
10)    

Vapor phase deposition b/w 1 
& 10(ppb)

 rad(si)    rad(si)/Km     rad(si).Km  



opt5 opt6 Answer

Transmission windows   
Cabling    

maximum transmission distance

  65 Gpa     

Fourth power  of wavelength  
  Minimum  

Differential group delay

Large

Group velocity

Group velocity on wavelength
    dB/Km   
Fiber design

Bandwidth distance produc
Multimode dispersion
Chromatic dispersion

decrease exponentially with distance

Group delay

Temperature

Multimode dispersion > Material 
dispersion > Waveguide dispersion

High power input signal(>100mw)

attenuation and dispersion
Fiber loss    

 One to two orders of magnitude lower   

20 to 500 Mpa    

 Variation of group velocity for each 
mode at a single frequency



Bandwidth of transmitted pulse

optical signal pulses to broaden

dB m

Direct melt fibers b/w 1 & 10(ppb)  

  rad(si)    



Questions opt1

In photodiode, the carrier 
drift time determines   Output power          
One of the simplest 
techniques for sending 
binary data is         Phase shift keying    
The photo detector senses 
the       Electric current   
The photo detector should 
be insensitive to variations 
in  Speed  
The photodiode is used 
almost exclusively for fiber 
optic systems because of 
its Fast response time
The photo detector is 
normally designed so that 
carriers are generated 
mainly in      Active region       
The high electric field 
present in the depletion 
region causes the carrier 
to separate and be 
collected across the       

Forward biased 
junction     

The factor Q is widely used 
to specify  

Receiver 
performance    



The number of electron 
hole carrier pairs 
generated per incident 
photon of energy is given 
by Incident energy
To achieve a high 
Quantum efficiency, the 
depletion layer must be       Thick        
The excess noise factor is a 
measure of the      

  Decrease in 
detector noise     

Pin photodiode 
responsivities as a function 
of    Optical power       

The carrier multiplication 
mechanism is known as  Avalanche effect      
Pin photodiodes and  
Avalanche photodiodes 
are important photo 
detectors in the 
wavelength range  0.8 µm – 1.6 µm  

The primary photocurrent 
generated by photodiode is  

Frequency varying 
Poisson process       

The sensitivity of a photo 
detector in an optical fiber 
communication system is 
describable in terms of     

  Minimum 
detectable optical  
power    



…………….arises from 
electrons and or holes 
which are thermally 
generated in pn junction of 
the photodiode  

 Surface dark 
current     

Bulk dark current is 
directly proportional to   Electric field          
Which one is usually 
dominate in avalanche 
photodiodes  Thermal noise       
The diffusion time of the 
photo carriers generated 
outside the    Depletion region    
In digital signal 
transmission, the time slot 
is referred to as a  Time period      

The average number of 
electron hole pairs created 
by a carrier per unit 
distance traveled is called        Avalanche effect      

Current flow in an external 
circuit, with one electron 
flowing for every carrier 
pair generated. This 
current flow is known as   Photocurrent



At the output end of an 
optical transmission line, 
there must be a receiving 
device. The first element 
of this receiver is a     Amplifier  
 In digital signal 
transmission, the optical 
signal emerging from the 
transmitter , a 1 is 

 represented by Current pulse        

Thermal noise arises from 
……... in a conductor  

Random motion of 
electrons      

To achieve a high SNR, 
photo detector must have 
a       

High Quantum 
efficiency                  

The random nature of the 
avalanche multiplication 
process gives rise to 
another type of    Noise figure      
The diffusion current is 
determined by hole 
diffusion from           Bulk P region      



………...is the minimum 
optical power necessary to 
achieve a given signal to 
noise ratio at the receiver       Bit error rate   



opt2 opt3 opt4

    Response time  Response speed     Carrier lifetime    

Frequency shift keying      Angle shift keying          
Amplitude shift 
keying         

Barrier potential  
Luminescent 
power

Emission 
wavelength

Bandwidth    Time  Temperature  

Low sensitivity Large size      
Low response 
time     

 Depletion region    Absorption region
Recombination 
region

Active region    Pn junction       
Reverse biased 
junction

System performance    
transmitter 
performance     

 Source 
performance    



 Quantum efficiency Responsivity
Detector 
efficiency

  Thin       Narrow         Wider      
 Decrease in thermal 
noise        

 Increase in 
detector noise         

Increase in 
thermal noise     

   Wavelength        Response time       Frequency       

Tunnel effect     
  Impact 
ionization     Ionization rate    

0.9 µm – 2.6 µm         
    0.7 µm – 3.6 
µm        0.6 µm – 4.6 µm       

 Current varying 
poisson process     

Time varying 
poisson process    

Signal varying 
poisson process        

    Maximum 
detectable optical 
power      

 Minimum 
detectable noise 
current  

Maximum 
detectable noise 
current       



Bulk dark current    
  Surface leakage 
current   

Bulk leakage 
current   

Time       Area    Bias current           

Photo detector noise         Noise figure        Noise current     

Active region      Absorption region       
Recombination 
region  

Time slot       Bit period      Bit rate       

    Tunnel effect     
    Impact 
ionization     Ionization rate   

 Bias current Negative current Positive current 



Photo detector  Signal restorer  Drive circuit  

Pulse of optical power            Time slot        Voltage pulse        

  Random motion of 
holes         

Random motion 
of electron hole 
pair        

Random motion 
of carrier    

Small Quantum 
efficiency

 Fast response 
time

 Slow response 
time

Shot noise      Quantum noise      Noise factor      

 Bulk n region       Active region  Depletion region         



Quantum limit   SNR  rms noise  



opt5 opt6











Answer

   Response speed     

 Amplitude shift keying         

Luminescent power   

Temperature  

  Fast response time       

  Depletion region    

Reverse biased junction

Receiver performance    



Quantum efficiency      

 Thick 

 Increase in detector noise         

 Wavelength    

Impact ionization     

   0.8 µm – 1.6 µm  

Time varying poisson process    

  Minimum detectable optical 
power    



Bulk dark current    

Area  

Photo detector noise         

 Depletion region    

 Bit period      

Ionization rate   

 Photocurrent



Photo detector  

 Pulse of optical power        

 Random motion of electrons

High Quantum efficiency                  

Shot noise

 Bulk n region      



SNR



Questions opt1 opt2

High radiances are necessary to couple 
sufficiently                  level into a fiber       High optical power  Less optical power 
Transverse modes determine        Frequency spectrum  Threshold current

  According to  ___________  law, a 
transition between two states involves 
absorption of a photon of energy        Snell’s        Planck’s        
 Power launching between source to fiber 
or fiber to fiber depends on   Numerical aperture Index Profile
The isotropic pattern from a surface 
emitter is called as     Emission pattern        Absorption pattern  
The value of threshold current increases 
with  Decrease of temperature        Increase of temperature  
 Longitudinal modes determine   Width  Size
 Splice is a  ___________   joint between 
fibers     Permanent      Temporary    
 In surface emitter , the emission pattern 
is essentially isotropic with a     1200 half power beam width    

  600 half power beam 
width       

 Stimulated emission will exceed 
absorption only if the population of the 
excited states is greater than that of 
ground state is known as     Photon absorption     Spontaneous emission 

Majority carriers referred to  Holes in n type  Electrons in p type    
The operation of semiconductor devices is 
essentially based on  

Injection & extraction of minority 
carriers      Injection of semiconductor 

 The recombination of excess minority 
carriers is the mechanism by which              
is generated    Optical power       Optical radiation       
 The electrons & holes are located into a 
covalent band structure is called   Active region      Recombination region     
Epitaxial layers can be formed by growth 
technique of  Vapor phase        Solid phase     

When an external battery is connected to 
pn junction with its positive terminal to n  
type & negative terminal to p type. This 
junction is said to be Forward biased     Barrier potential   
 The circular active area in practical 
surface emitter has diameter of     20 µm         30 µm      
 In surface emitter, a well is etched 
through the substrate of the device, into 
which a fiber is then cemented in order to 
accept   Reflected light     Emitted light  



In recombination process the electron & 
hole have the same momentum value is 
referred as   Indirect band gap   Direct band gap    
The periodic arrangement of single or 
group of atoms in space is defined as  Depletion region   Epitaxial growth  
 Radiance is a measure of      Hue       Brightness       
The lattice spacing of adjacent material 
should be closely matched to  Fiber losses     Fiber imperfection     
For optical communication systems 
requiring bit rates less than  100 – 200 Mb/s     100 – 300 Mb/s    
  As a result of reverse bias, width of 
depletion region will   Increase on both n side & p side    

Decrease on both n side & 
p side     

 LEDs require less complex      Emitter circuit    
 Optical stabilization 
circuits    

Free electron hole pairs are produced by   Recombination process        
Thermal generation 
process       

 Quantum well lasers have very thin cavity 
so that their threshold current is    Very high        Very low     

The band gap differences of adjacent 
layers confine the  

njectedcarriers       
    
   Charge carrier

The  electrical conductivity is proportional 
to   Electron concentration   Charge concentration     
 The guiding layers both have a refractive 
index which is lower than      Depletion region       Active region    

Progress in ________ and other related 
semiconductors material processing led to 
the feasibility of monolithic microwave 
integrated circuits. GaAs        .  Silicon
The substrate of an MMIC must be a 
_____________ to accommodate the 
fabrication of all the type of devices. Semiconductor   .  Insulator
Transmission lines and other conductors in 
microwave devices are usually made with 
__________ Gold metallization     . Silver metallization
For the capacitors used in MMICs, the 
insulating dielectric films used are  Air SiO            .
Resistors used at normal operating 
frequencies can be directly used at 
microwave frequencies in MMIc. Ion implantation     . Net list generation

 Microwave tubes are grouped into two 
categories depending on the type of Electron beam field interaction  Amplification method



 ________ is a single cavity klystron tube 
that operates as on oscillator by using a 
reflector electrode after the cavity. Backward wave oscillator Reflex klystron
 In a _________ oscillator, the RF wave 
travels along the helix from the collector 
towards the electron gun. Interaction oscillator  Backward wave oscillator
 Extended interaction oscillator is a 
________ beam oscillator that is similar to 
klystron Linear beam Crossed beam

. ____________ is a microwave device in 
which the frequency of operation is 
determined by the biasing field strength. VTM Gyratron

Which among the following is provided by 
an optical receiver for the regeneration of 
data signal with minimum error?  Photo-diode  Signal Processing Circuits
 Which property/ies of PCM stream 
determine/s the fidelity to original analog 
signal? Sampling rate  Bit depth
 If a light travels in a certain medium and it 
gets reflected off an optically denser 
medium with high refractive index, then it 
is regarded as _______  External Reflection  Internal Reflection
In an optical fiber, the concept of 
Numerical aperture is applicable in 
describing the ability of __________  Light Collection  Light Scattering

During the design of FOC system, which 
among the following reasons is/are 
responsible for an extrinsic absorption?

Atomic defects in the composition of 
glass

 Impurity atoms in glass 
material

 ____________ limits receiver sensitivity.  Noise  Depletion layer
A ____________ performs the linear 
conversion of the received optical signal 
into an electric current Receiver  Converter
 __________ are provided to reduce 
distortion and to provide a suitable signal 
shape for the filter. Detector  Equalizer
A _________ maximizes the received 
signal-to-noise ratio in the receiver 
circuitry.  Filter  Equalizer
 How many structures of pre-amplifiers 
exist? Two Three



opt3 opt4 opt5

Zero optical power       Emitted optical power      
  Drive current Output Power  

   Mass action      Fresnel transmission     

Spectral width Index difference  

Lambertian pattern  Surface pattern      

  Decrease of wavelength     Increase of wavelength     
Frequency spectrum Output radiation pattern

 Periodic      Semi temporary      

  400 half power beam width      2400 half power beam width  

   Population inversion   Stimulated emission

Electrons in p type    
Free electron hole pairs in pn 
junction  

Injection of carriers
Injection & extraction of 
majority carriers    

 Optical emission        Optical source      

 Barrier potential     Depletion region     

  Gas phase  Isotropic atom         

 Space charge   Reverse biased  

  40 µm      50 µm      

 Radiated light    Scattered light  



Band gap energy Barrier potential    

  Lattice  Heterostructure  
 Luminance       Intensity    

Fiber bending      Temperature induced stresses  

 100 – 400 Mb/s     100 – 500 Mb/s     
Decrease on n side & Increase 
on p side      

Increase on n side & Decrease 
on p side      

 Thermal circuits       Drive circuit       

 Auger process        Mass action      

  Zero     Decreases with time   

 Electron hole pairs Carrier recombination   

Carrier  concentration   Holes  concentration  

   Surrounding material    Circular metal contact    

 Germanium GaAlAs

Partial conductors
Metals operable at high 
frequencies

Copper metallization Zinc metallization

Titanium GaAs

 Floor planning  None of the mentioned

 Power gain achieved  Construction methods



 Travelling wave tube  Magnetrons

 Magnetrons  None o the mentioned

 Parallel beam  M beam

 Helix BWO  None of the mentioned

Linear Circuitry None of the above

 Both a and b None of the above

 Both a and b  None of the abov

 Light Dispersion Light Polarization

 Basic constituent atoms of 
fiber material All of the above

Avalanche  Current

 Detector Reflector

Filters Amplifier

Detector  Reflector

Four  One



opt6 Answer

 High optical power  
Threshold current

Planck’s        

Numerical aperture

Lambertian pattern  

Increase of temperature  
Frequency spectrum

Permanent      

1200 half power beam width    

Population inversion

Electrons in p type    

Injection & extraction of minority carriers      

Optical radiation       

Depletion region     

Vapor phase        

Reverse biased  

50 µm      

Emitted light  



Direct band gap    

Lattice  
Brightness       

Temperature induced stresses  

100 – 200 Mb/s    

Increase on both n side & p side    

Drive circuit       

Thermal generation process       

Very low     

Charge carrier

Carrier  concentration   

 Active region    

GaAs

Semiconductor

Gold metallization

SiO

Ion implantation

Electron beam field interaction



Reflex klystron

Backward wave oscillator

Linear beam

Gyratron

Linear Circuitry

 Both a and b

 External Reflection

 Light Collection

Impurity atoms in glass material

 Noise

 Detector

 Equalizer

 Filter

Three



Questions
A single mode fiber can provide ultimate bit rate distance product , with values of over     
The optical power that can be coupled into a fiber from an LED depends on  
As Δ increases, ___________ increases correspondingly  
The spectral width of an LED and dispersion characteristics of silica fibers limit the data rate distance product to around  
In choosing a particular photodetector, mainly need to determine the 
A pin photodiode receiver is simpler, more stable with changes in  
Pin photodiode bias voltages are normally less than  
Avalanche photodiode bias voltage are ranges from      
The information carrying capacity of a fiber is increased by      
when choosing the attenuation characteristics of a cabled fiber, the excess loss that results from      
Modal partition noise becomes more pronounced for

In mode partition noise, signal to thermal noise ratio is reduced by  
In chirping, α represents      
A rise time budget analysis is a convenient method for determining the  
In rise time budget, the total transition time degradation of a digital link should not exceed 70percent of an       
The transmitter rise time is attributable primarily to the                       
 The receiver rise time results from the    
Modal noise occurs when 
The 3dB electrical bandwidth of the receiver is represented by
Determining the fiber rise times resulting from  
The 3dB optical bandwidth B3Db is defined as the  
In the 800-t0-900nm region, D is about  
    ___________  arises when the light from the coherent laser is coupled into a multimode fiber   
 In chirping, factor α ranges from  ___________ for InGaAsp laser
The modal distortion resulting from interference between a single pair of modes will appear as a    
A device which is used at the interconnection point to translate the control information from one protocol to another is called as  
In chirping, factor α ranges from ___________  for AlGaAS laser  
Use a SM fiber, since it supports    
  ___________ is associated with intensity fluctuations in longitudinal modes of a laser diode     
Intensity fluctuation can occur among the various modes on a MM laser even when the total optical output is     



Each of the longitudinal modes that is coupled into the fiber has a 
The signal to noise ratio is due to mode partition noise is independent of
In mode partition noise, x represents  

The response of receiver front end can be modeled by a  ___________                         having a step response   
WDM technique is very useful in the optical domain, bit rate can be increased beyond  
The chirping induced power penalty increases with  
The power penalty for an APD system can be estimated from   
The best approach to minimizing chirp effects is to choose the laser emission wavelength close to  
A popular protocol used in optical LANs is  
A key characteristics of SONET & SDH is that they are usually configured as a  
Solitons are pulses which travel down the fiber without any change in 
By using PC connectors and optical isolators  ___________  will be reduced  
Solitons are defined as  
Principle of optical amplifier is based on  
Use a laser which has a large no. of  
___________   is the logical manner in which nodes are linked together by information transmission channels to form a network  
Solitons having pulse width of        
SONET is the         
SONET operating at a base rate of  
SONET/SDH rings are commonly called as   
In system consideration, advantage of lower attenuation and dispersion that occurs at wavelength around     
Use a fiber with a large NA, since it supports a      
Recently a transport network in WAN called a  
In SDH, the basic building block is called as  
SONET is used in      
The basic building block of SONET has a bit rate of      
standard SONET level of OC-192 has link rate of  
 First generation optical wavelength are in the range of   
In the link power budget analysis one first determines the  
Once the link power budget has been established, the designer can perform a  
Progress in ________ and other related semiconductors material processing led to the feasibility of monolithic microwave integrated circuits.
The substrate of an MMIC must be a _____________ to accommodate the fabrication of all the type of devices.



Transmission lines and other conductors in microwave devices are usually made with __________
For the capacitors used in MMICs, the insulating dielectric films used are
Resistors used at normal operating frequencies can be directly used at microwave frequencies in MMIc.
 Microwave tubes are grouped into two categories depending on the type of
 ________ is a single cavity klystron tube that operates as on oscillator by using a reflector electrode after the cavity.
 In a _________ oscillator, the RF wave travels along the helix from the collector towards the electron gun.
 Extended interaction oscillator is a ________ beam oscillator that is similar to klystron
. ____________ is a microwave device in which the frequency of operation is determined by the biasing field strength.
Which among the following is provided by an optical receiver for the regeneration of data signal with minimum error?
 Which property/ies of PCM stream determine/s the fidelity to original analog signal?
 If a light travels in a certain medium and it gets reflected off an optically denser medium with high refractive index, then it is regarded as _______
In an optical fiber, the concept of Numerical aperture is applicable in describing the ability of __________
During the design of FOC system, which among the following reasons is/are responsible for an extrinsic absorption?
 ____________ limits receiver sensitivity.
A ____________ performs the linear conversion of the received optical signal into an electric current
 __________ are provided to reduce distortion and to provide a suitable signal shape for the filter.
A _________ maximizes the received signal-to-noise ratio in the receiver circuitry.
 How many structures of pre-amplifiers exist?



opt1
200(Gb/s)            
Bandwidth
Fiber coupled power        
50(Mb/s).km        
Maximum optical power         
Humidity   
5V           
5V to several hundred volts      
Splicing technique         
Fiber to fiber joint         
High data rates       

Raising bias power level, reduces the signal pulse power       
Absorption coefficient factor   
Bit error rate          
Group velocity dispersion     
Light source & its drive circuitry
Amplifier response           
Fluctuation in frequency          
BWrx
GVD & modal dispersion        
Optical frequency       
0.05 ns/ (nm.km)      
Wavelength chirp        
-1 to -8        
Modulation ripple of frequency        
Node       
1.5  to -5.5      
Only one mode & no modal interference      
Modal noise     
High 



Same attenuation & time delay        
Signal current      
Excess noise factor of an APD        

First order high pass filter        
10 Kb/s      
Higher bias levels    
SNR degradation      
Intramodal dispersion          
AODV   
Bus architecture      
Amplitude      
Modal noise       
Very wider laser pulses          
Mass action        
Lateral mode         
Node
10-11 sec          
LAN
115.52 Mbit/s          
Self healing routing         
1300 to 1550 nm         
Small no. of modes & gives a smaller no. of speckles 
Multiplier optical network  
Synchronous transport module         
          North Africa         
21.84 Mb/s 
6653.28 Mb/s      
 0.7µm to 0.8µm   
 Rise time analysis     
System link analysis   
GaAs        .
Semiconductor   .



Gold metallization     .
 Air
Ion implantation     .
Electron beam field interaction
Backward wave oscillator
Interaction oscillator
Linear beam
VTM
 Photo-diode
Sampling rate
 External Reflection
 Light Collection
Atomic defects in the composition of glass
 Noise
Receiver
Detector
 Filter
Two



opt2
300(Gb/s)    
Bit error rate      
Numerical aperture  
100(Mb/s).km          
Minimum optical power      
Area     
12V    
12V to several hundred volts        
Multiplexing technique         
Cabling process       
High bit rates      

Raising bias power level, raising the signal pulse power
Line width enhancement factor      
`Dispersion         
Group delay       
Regeneration
Photodetector response        
Fluctuation in coherent time          
Brx   
Attenuation  & modal dispersion        
Modulation frequency                 
0.06 ns/ (nm.km)      
Modal noise         
-2 to -8        
Sinusoidal ripple of frequency           
Topology
2.5  to -5.5         
Number of modes &  no modal interference          
Mode partition noise     
Small



Different attenuation & time delay
Signal voltage           
Excess noise factor of a PIN photo detector      

Second order high pass filter           
10 Mb/s          
Lower bias levels        
BER degradation      
Intermodal dispersion       
DSR       
Star architecture          
Frequency
Mode partition noise          
Very narrow laser pulses      
Laser action      
Axial mode       
Topology    
10-12 sec          
WAN
155.52 Mbit/s          
Self healing rings          
1310 to 1550 nm         
Large no. of modes & gives a smaller no. of speckles        
Multi wavelength optical network        
Asynchronous transport module          
    South Africa        
31.84 Mb/s         
9953.28 Mb/s      
 0.8µm to 0.9µm
Bit error rate    
System rise time analysis  
 Silicon
 Insulator



Silver metallization
SiO            .
Net list generation
 Amplification method
Reflex klystron
 Backward wave oscillator
Crossed beam
Gyratron
 Signal Processing Circuits
 Bit depth
 Internal Reflection
 Light Scattering
 Impurity atoms in glass material
 Depletion layer
 Converter
 Equalizer
 Equalizer
Three



opt3
400(Gb/s)       
Core size         
Core size          
150(Mb/s).km           
Maximum optical power         
Time    
40V   
40V to several hundred volts      
Point to point link          
Point to point links       
Low data rates           

Reduces bias power level, reduces the signal pulse power           
Spectral width enhancement factor        
Signal to noise ratio            
Non return to zero  
Transmitter
Receiver response     
Spectral pattern fluctuation          
EBrx   
Rise time budget & modal dispersion           
Message frequency          
0.07 ns/ (nm.km)      
Spectral broadening
-4 to -8        
Cosine ripple of frequency         
Switching 
-3.5  to -5.5       
Number of modes &  increased modal interference       
Wavelength chirp  
Zero



High attenuation & small time delay  
 Signal power
Excess loss factor of an APD         

Photodetector response        
10 Gb/s          
Higher frequency levels      
Signal degradation        
Zero dispersion wavelength          
DSDV     
Ring architecture          
Time 
Chirping noise       
Highly dispersion laser pulses       
LED action       
Longitudinal mode      
Switching 
10-13 sec      
MAN  
215.52 Mbit/s          
Self healing switch       
1300 to 1500 nm        
Small no. of modes & gives a greater no. of speckles        
Synchronous optical network        
Multiplier transport module          
North America         
41.84 Mb/s         
3353.28 Mb/s      
 0.9µm to 1.0µm    
Power margin     
System power analysis  
 Germanium
Partial conductors



Copper metallization
Titanium
 Floor planning
 Power gain achieved
 Travelling wave tube
 Magnetrons
 Parallel beam
 Helix BWO
Linear Circuitry
 Both a and b
 Both a and b
 Light Dispersion
 Basic constituent atoms of fiber material
Avalanche
 Detector
Filters
Detector
Four



opt4
500(Gb/s)      
Core cladding index difference        
Bandwidth  
200(Mb/s).km       
Minimum optical power         
Temperature  
100V   
100V to several hundred volts      
Fiber to fiber joint         
Source to fiber joint      
Low  bit rates      

Reduces bias power level, raising the signal pulse power         
Bandwidth enhancement factor     
Power margin        
Return to zero         
Amplifier     
Transmitter response             
Spectral width broadening          
Erx 
Power margin & modal dispersion           
Carrier frequency       
0.08 ns/ (nm.km)               
Mode partition noise         
-6 to -8        
Spectral pattern of frequency      
Routing 
-4.5  to -5.5          
Only one mode & increased modal interference    
Reflection noise    
Constant  



Same attenuation & high time delay         
Signal time        
Excess loss factor of a PIN photo detector      

Second order low pass filter       
10 Tb/s          
Lower frequency levels         
Power degradation
Wavelength dispersion        
FDDI  
Mesh architecture    
Bit rate          
Reflection noise       
Very broadening laser pulses  
Source action           
Latitudinal mode          
Routing 
10-14 sec       
Intranet
255.52 Mbit/s                
Self healing node      
1310 to 1500 nm       
Large no. of modes & gives a greater no. of speckles
Asynchronous optical network     
Multi wavelength transport module        
 South America
51.84 Mb/s         
7753.28 Mb/s          
 1.0µm to 1.1µm    
Link analysis   
System wavelength analysis  
GaAlAs
Metals operable at high frequencies



Zinc metallization
GaAs
 None of the mentioned
 Construction methods
 Magnetrons
 None o the mentioned
 M beam
 None of the mentioned
None of the above
None of the above
 None of the abov
Light Polarization
All of the above
 Current
Reflector
Amplifier
 Reflector
 One



opt5







opt6







Answer
500(Gb/s)      
Core cladding index difference        
Fiber coupled power        
150(Mb/s).km           
Minimum optical power      
Temperature  
5V           
40V to several hundred volts      
Multiplexing technique         
Cabling process       
High bit rates      

Raising bias power level, reduces the signal pulse power       
Line width enhancement factor      
`Dispersion         
Non return to zero  
Light source & its drive circuitry
Photodetector response        
Spectral pattern fluctuation          
Brx   
GVD & modal dispersion        
Modulation frequency                 
0.07 ns/ (nm.km)      
Modal noise         
-6 to -8        
Sinusoidal ripple of frequency           
Routing 
-3.5  to -5.5       
Only one mode & no modal interference      
Mode partition noise     
Constant  



Different attenuation & time delay
 Signal power
Excess noise factor of an APD        

Photodetector response        
10 Tb/s          
Lower bias levels        
SNR degradation      
Zero dispersion wavelength          
FDDI  
Ring architecture          
Amplitude      
Reflection noise       
Very narrow laser pulses      
Laser action      
Longitudinal mode      
Topology    
10-14 sec       
WAN
155.52 Mbit/s          
Self healing rings          
1300 to 1550 nm         
Large no. of modes & gives a greater no. of speckles
Multi wavelength optical network        
Synchronous transport module         
North America         
51.84 Mb/s         
9953.28 Mb/s      
 0.8µm to 0.9µm    
Power margin 
System rise time analysis  
GaAs
Semiconductor



Gold metallization
SiO
Ion implantation
Electron beam field interaction
Reflex klystron
Backward wave oscillator
Linear beam
Gyratron
Linear Circuitry
 Both a and b
 External Reflection
 Light Collection
Impurity atoms in glass material
 Noise
 Detector
 Equalizer
 Filter
Three





























Review of Quantum Mechanical concept
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