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FIBER OPTIC COMMUNICATIONS

INTRODUCTION:

OPTICAL COMMUNICATION SYSTEM:

AN ELECTRONIC COMMUNICATION THAT USES LIGHT AS CARRIER OF INFORMATION

OPTICAL FIBERS ARE USED  TO PROPAGATE LIGHT WAVES TO GUIDE THEM AS MICROWAVE WAVE-GUIDES.

OPTICAL FIBRES ARE MADE OF GLASS/PLASTIC.

INFORMATION CARRYING CAPACITY IS  PROPORTIONAL TO BANDWIDTH.

EXPRESSED AS  % OF CARRIER FREQUENCY. SAY 10 %.

	TYPE
	CARRIER
	 10 % BW

	Radio
	10 MHz
	 1 MHz

	Micro Waves
	10 GHz
	 1 GHz

	Optical Fiber
	10 14Hz
	 10,000 GHz


One telephone line needs 3 KHz, TV channel  5 MHz, Cell phone  30 KHz Band width.

Hence 

FIBER OPTIC COMMUNICATION PROVIDES ENORMOUS AMOUNT OF CAPACITY.

First  fibre made had 100 dB/km loss  !!

In 1970 Corning glass NY improved it  to 2 dB/km.

In 1980 this  improved to 0.1 dB/km.

NOW OPTICAL FIBER IS EXTENSIVELY USED.

ADVANTAGES OF OPTICAL FIBRES.

1.GREATER INFORMATION CAPACITY.

2.IMMUNITY TO CROSS TALK.

3. SAFTY : NO VOLTAGES/CURRENTS IN FIBER.

4.SECURITY.


DISADVANTAGES;

1.INTERFACING COST.

2.CAN NOT POWER REMOTE DEVICES.

SPECIAL TOOLS

FREQUENCY SPECTRUM :


LIGHT SPECTRUM IS DIVIDED  IN TO 

INFRA RED ,  VISIBLE, ULTRA VIOLET BANDS.

Speed of light  c = 3 x  1010  cm/sec,  λ  = c/f 

It is customary to express light waves in  λ   than frequency  f.

1 nanometer =  10 –9  meters, 1 micron 10 –6 meters

1 Ao Angstom = 10 –10  m   , or 0.1 nanometers.
FIBER TYPES:
1. PLASTIC  CORE AND CLADDING

2. GLASS CORE PLASTIC CLADDING    (PCS)

3.GLASS CORE GLASS CLADDING    (SCS)

PLASTIC FIBRERS HAVE SEVERAL ADVANTAGES OVER GLASS

AND 1000 TIMES MORE EFFICIENT.

CONSTRUCTION

Main Parts:   


CORE

CLADDING

PROTECTIVE TUBE  / BUFFERS / STENGTHENING  MEMBERS.


PROPAGATION OF LIGHT THROUGH FIBER;

PROPAGATION IS GOVERNED BY WELL KNOWN LAWS OF LIGHT 

Speed of light = 3 x 10 10 cm/sec

Speed reduces in materials denser than air.

At interface of 2 different media light rays bend.

a) towards normal in case of denser medium

b) away from normal in case of lighter medium.

         Xr angle of refraction

Denser medium      
    Xr 
Reflected ray Xi angle of incidence

Incident ray

xi
free space

Index of refraction n = speed of light in free space / speed in medium.,

n =1 for vacuum, 1.003  for air, 1.5 glass, 3.4 for Silicon.
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θc= critical angle


PROPAGATION OBEYS SNELLS  LAWS.

  , n1  sin θ1=  n2 sin θ2,

ACCEPTENCE ANGLE : IS THE LARGEST ANGLE AT WHICH LIGHT CAN ENTER AND PROPAGATE DOWN THE FIBER.

PROPAGATION  : SINGLE MODE / MULTI MODE. MODE MEANS PATH
SINGLE MEANS 1 PATH, MULTI MEANS MANY PATHS


EFFECT OF MULTIMODES:

· RAYS ENTERING FIBER AT DIFFERENT ANGLES REACH THE OTHER

END THROUGH DIFFERENT PATHS OF VARYING LENGTH AND HENCE

DIFFERENT TIMES.

THIS RESULTS IN STRECHING OF RECEIVED  PULSE WIDTH;

Modes.

DIFFERENT ANGLES OF ENTRY IS CALLED modes of propagation or Modes.

modal delay spread

MUTIMODES  MUTUALLY INTERFERE constructively /  destructively .THIS

EFFECT IS CALLED  modal delay spread..

CORE INDEX PROFILES

AN EFFORT TO OVERCOME DELAY SPREAD  BY CONSTRUCTION IS BY PROFILING REFRACTIVE INDEX  OF CORE  ALONG DIAMETER.

Some profiles.

Core      5-10 μm       
50-100 μm


    50-100 μm


 

cladding


Step index   single mode    multimode           Graded  index       multimode profiles

PROPAGATION OF THROUGH     INDEXED FIBERS


What decides modes ?

-WHEN DIAMETER ‘d’ OF FIBER  IS  GREATER THAN    3 TIMES VISIBLE  

 WAVE LENGTH (0.7  - 3.9 μm) SAY d = 5-10 μm

 THE CORE SUPPORTS  SINGLE MODE.  

-WHEN ‘ d’   >> 50 μm, FIBER SUPPORTS MULTIMODE.

· IN MULTIMODE FIBERS LIGHT RAYS ENTERING AT DIFFERENT ANGLES TRAVEL VARYING PATH LENGTHS AND HENCE ARRIVE AT DIFFERENT TIMES CAUSING DELAY SPREAD.

· THIS CAN BE  ELIMINATED BY MAKING arrival times SAME , THIS GAVE BIRTH TO  grading OF  REFRACTIVE INDEX ‘n’  ALONG DIAMETER. MAXIMUM AT CENTER falling TO THAT OF CLADDING

This causes gradual bending of rays and produces focusing effect.

           Grading can be given by following formula


         , n  ( r )  =   n 1 √ 1- 2 Δ (2 r/d) α
Cut-off frequencies of  SINGLE mode fiber is given by.

,  λc   = 2 π a n 1√ 2Δ  

                    2405

    λc = cut off wave length in  m

    n1  = index of refraction core

   n2   = index of refraction of cladding.

    a  = core radius in  m.

   Δ   = (n1-n2)/n1 

 Multi modes supported by multimode fiber is given by

    ,  n =  V2/2

Where  V is defined as normalized frequency cutoff number

 ,   

       V =   π d (NA)/λ

Number of modes can be raised by increasing fiber diameter.

In a graded index fiber modes supported is given by   Nα =  N   α / α+2

.α =  corresponds to step index,  α= 2 corresponds to parabolic profile

LOSSES IN FIBERS

    Major   losses in  fiber optic cables are

 1.ABSORPTION LOSS

   - ionization of  valence electrons in UV region.

   -in Infra region absorption of photons mechanical 

   - power dissipation in trapped water molecules.  

   -absorption by other molecules like Cu, Fe, Cr present.  

 2.SCATTER (RAYLEIGH SCATTER LOSSES )

· Due to small irregularities and defects at micro level. scattering of 

3.WAVE LENGTH DISPERSION

       -velocity of light is varies with wavelength called Chromatic 

       dispersion.

 -Since LEDs and similar sources emit a band of frequencies  this is


4.RADIATION FROM BENDS. 

   Light is radiates from bending of fibers.

   Recommended bending radius is 25 mm for 125 μm fiber

 5.COUPLING LOSSES.


                  6..MODAL DISPERSION.

    Due to Delay spread in multimode fibers this can be expressed as Δt / km.

   This often expressed as  BLP /BDP  Bandwidth length/distance product.

   Graded cables have very less modal dispersion.  

LIGHT SOURCES

* monochromatic
*high intensity
*small and easy to couple

* easy to modulate
 * fast swith on/off

SOURCES

* LEDS
 * SEMICONDUCTOR LASERS

· both leds and lasers emit narrow band of light.

· Energy absorbed by atom = photon energy emitted

·  E= hν ,         E= energy in joules , h=Planks constant 6.625 x 10 –34 J-S,  ν=f=frequency

· f = c/λ,  c= velocity of light 3x10 8 m/s, λ=wavelength meters

· Energy in eV= E/q  , q = electronic charge 1.602x10 –19 C

· Ek = hc/qλ  = 6.625x10 –34 x 3x 10 8/ 1.602x10 -19λ

    =1.241/λ  …   λ in  μm

LED s are p-n junction diodes  manufactured from

*GaAsP

*GaInAs

*InAsP

*AlInAs  using dopants P, In, Al

A thin layer of p material is developed onb n substate.

This layer is microscopically transpatrent.

Band gap in the rtange 1.5 to 2 v.

LED is used in forward bias.

ADVANTAGES

*Low cost 
*high reliability 
* long life

OPERATION

      CONSTRUCTIONAL DETAILS OF LEDS


CALCULATION OF ACCEPTENCE ANGLE
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-LAUNCH ZONE IS AIR n o = 1.

-CORE HAS  n1 > n2.

-CLADDING HAS  n2 <  n1.

-RAY IS INCIDENT AT   ‘A’ WITH ANGLE ‘θ’ IS REFRACTED IN CORE AND 

  REFRACTED AT ‘B’ TOWARDS NORMAL.

· , no sin θo = n 1 sin θ 1 =  n1 sin (90- Φ )

·   n o sin θo = n1 cos Φ ……….. (1)

· As long as  Φ  > =  θ c critical angle the ray is totally reflected in core

And reaches other end at θc.

, n1sin θc= n2 sin 900 = n2, sin θc = n2/n1  ……..(2)

can be represented  as cos Φc = √(n1 2 – n2 2 ) / n1………(3)

, no sinθo = n1 x √( n1 2 – n2 2)/ no

θo = Acceptance angle,

θo (max)  =  sin –1 (√(n1 2 – n2 2 ) / n o) …….(4)

sin θo  is called  NA .. Nominal aperture.

NA = (√(n1 2 – n2 2 ) / n o,   n o = 1.

NA = (√(n1 2 – n2 2 )  ………( 5)

Define Δ = (n1 – n2 )/ n1.

NA = n1 √(2Δ) …………( 6)

SEMICONDUCTOR LASERS

Laser stands for Light Amplification by Stimulated Emission of Radiation
Laser action is achieved by gases viz neon, co2.

Semiconductor laser uses semiconductor as lasing material.

ILD  INJECTION LASER is similar to LED.

Above threshold current oscillates between reflective surfaces gaining energy to ionize further more carriers. When these combine with opposite polarity they give out energy in visible range. This process is lasing.

Emission in ild is spontaneous, simultaneous, and coherent.

ILD CONSTRUCTION.



REGION OF LASING CAN BE CONFINED TO SMALL STRIPE

AS FOUND IN GAIN GUIDED LASER.


Light DETECTORS

*detectors are vacuum tube, semiconductors etc.

*power level is 10 -14

*sensitive devices like  PIN  and APD are required

desirable characteristics

* low noise  * low voltage opration*good light collecting property *insensitive to ambient*high sensitivity

PHOTO DIODE is a simple detector.Operated in reverse bias.
Incident photon energy is converted to current. I

, n = quantum efficiency

, q= electronic charge,

, p= optical power into device,

, hv= photon energy.

PIN DIODE

*This diode consists of heavily doped pn junction separated by Intrinsic lay

       Depletion region is too thin 

       for efficient absorption of    photons

       Wider layer of I increases chance of absorption of Photons.
       Since electrons travel longer distance PIN is slow against

       photo diode.


APD (Avalanche photo diode)

This diode is operated in avalanche mode with field 10 5 v/cm

*an electron liberated by photon is further accelerated by field   and liberate further electrons from valence bands.

*APD is more sensitive than PIN diode.\

*multiplication facxor M= 300 – 400 at 100- 400 v bias.

*diode responds  to 0.6 to 1.2  μm


Speed of response

*faster if depletion width small but sensitivity poor

   hence compromise required

· Si depletion width with 50μm response time 50 ns

· GaAs response time 40 ps.

Reliability;

0.8-0.9μm range detectors in use since long.

Detectors for 1.2=1.4μm range to be established.

Noise;

*due to random photon current

*due to back ground radiation

*dark current

noise proportional to M mean avalanche gain.

OPTICAL COMMUNICATION SYSTEM




























































Figure 11-2  Electronic Communications. Wyne Tomasi































































































Figure 11-4  Electronic Communications. Wyne Tomasi












































Fig  : 11-10  Electronic communications , Tomsi



























































Fig  : 11-11  Electronic communications , Tomsi		













































































Fig  : 11-18  Electronic communications , Tomsi












































Fig  : 11-19 Electronic communications , Tomsi









































Fig  : 11-25 Electronic communications , Tomsi







































































Fig  : 11-31Electronic communications , Tomsi









































Fig  : 11-32 Electronic communications , Tomsi







































































Fig  : 11-34 Electronic communications , Tomsi
























































Fig  : 20.5.5  Electronic communications , Roddy & Coolen













































































Fig  : 20.5.5  Electronic communications , Roddy & Coolen















































Fig  : 11-36  Electronic communications , Tomsi







































































Fig  : 11-3  Electronic communications , Tomsi












































Fig  : 11-40  Electronic communications , Tomsi




















Fig  : 20.6.2  Electronic communications , Roddy & Coolen











