
116/17/20086/17/2008

The OpticThe Optical Fiber                                                        al Fiber                                                        

Created by: IMRE BAUMLI/M. Sc in Electrical EngineeringCreated by: IMRE BAUMLI/M. Sc in Electrical Engineering

1. Classification Of Fibers1. Classification Of Fibers

2. Comparison of fibers2. Comparison of fibers

3. Propagation Of Rays In The Step Index Fiber3. Propagation Of Rays In The Step Index Fiber

4. Propagation Of Rays In Graded Index Fiber4. Propagation Of Rays In Graded Index Fiber

5. The Optical Power Loss5. The Optical Power Loss

6. 6. The Optical AttenuationThe Optical Attenuation of glass fiberof glass fiber**

7. Transfer Characteristic7. Transfer Characteristic

8. Propagation Modes8. Propagation Modes

9. Dispersion9. Dispersion

1010. Type of dispersion. Type of dispersion

11. 11. PMDPMD--Polarization Mode Dispersion*Polarization Mode Dispersion*

112. Compensation Of Dispersion2. Compensation Of Dispersion

13. 13. Normalized Frequency*Normalized Frequency*

1144. Bend Radius. Bend Radius

1155. Characteristics Of Optical Fibers*. Characteristics Of Optical Fibers*

1166. Connectors (LC, SC, ST, MTRJ). Connectors (LC, SC, ST, MTRJ)



1. 1. Classification of fibersClassification of fibers

SMSM--Single Mode FiberSingle Mode Fiber

MMMM--Multi Mode FiberMulti Mode Fiber

Step Index FibersStep Index Fibers GRINGRIN--Graded Index FibersGraded Index Fibers

One dimension parabolicOne dimension parabolic

Two dimension parabolicTwo dimension parabolic

Base on number of modesBase on number of modes

Base on refractive index Base on refractive index 
profileprofile

Base on dispersion characteristicBase on dispersion characteristic

NDSFNDSF-- Not Dispersion Shifted FiberNot Dispersion Shifted Fiber

DSFDSF-- Dispersion Shifted FiberDispersion Shifted Fiber

NZDSFNZDSF-- Not Zero Dispersion Shifted FiberNot Zero Dispersion Shifted Fiber



2. 2. Comparison of fibersComparison of fibers

MultiMulti--mode fibersmode fibers SingleSingle--mode fibersmode fibers

Core/Cladding size:Core/Cladding size: 50/125 50/125 µµmm, 62.5/125 , 62.5/125 µµm,m,100/140 100/140 µµmm

Optimum operating window: Optimum operating window: 850 nm850 nm

Core size:Core size: 3/125 3/125 µµmm, 9/125 , 9/125 µµmm

Optimum operating window: Optimum operating window: 1310 nm or 1550 nm1310 nm or 1550 nm

Advantages:Advantages: Advantages:Advantages:

--LED signal light source can be usedLED signal light source can be used

-- Large NALarge NA

-- InexpensiveInexpensive

-- No modal dispersionNo modal dispersion

-- Large bandwidthLarge bandwidth

-- Ideal for longIdeal for long--distance communication distance communication 

(reach distance greater than 50 km)(reach distance greater than 50 km)

Disadvantages:Disadvantages: Disadvantages:Disadvantages:

-- Large modal dispersionLarge modal dispersion

-- Small bandwidthSmall bandwidth

-- Ideal for shortIdeal for short--distance applications  distance applications  

(reach limit (reach limit --5km)5km)

-- Small NASmall NA

-- Laser signal light source must be usedLaser signal light source must be used

-- ExpensiveExpensive



3. 3. Propagation of rays in the step index fiberPropagation of rays in the step index fiber
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4. 4. Propagation of rays in the graded index fiberPropagation of rays in the graded index fiber

At At GRINGRIN--Graded Index FibersGraded Index Fibers the rays accessed under greater angle propagate in the smaller the rays accessed under greater angle propagate in the smaller index refraction index refraction 

region of the core, decreasing the modal dispersion  in the coreregion of the core, decreasing the modal dispersion  in the core..

In the next demonstration we considering that the In the next demonstration we considering that the nn--refractive index is the function of only the yrefractive index is the function of only the y--coordinatecoordinate..
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The equation of ray traiectoryThe equation of ray traiectory
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Geometry of graded index fiberGeometry of graded index fiber
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first equation result:first equation result:
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Solutions of equation:Solutions of equation:

Determination of constants:Determination of constants:

One dimension One dimension 

parabolic rayparabolic ray

The ray propagate in the perpendicular plane of the fibre core.The ray propagate in the perpendicular plane of the fibre core.



Propagation of ray in single mode fiberPropagation of ray in single mode fiber

Single-mode fiber – Gaussian model

Single-mode fiber 

intensity

Gauss impulse



5. 5. The optical power lossThe optical power loss
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The optical power decreased exponential at end of fiber.The optical power decreased exponential at end of fiber.

αααααααα -- is the attenuation of fiber in dB/kmis the attenuation of fiber in dB/km



6. 6. The optical attenuationThe optical attenuation
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7. 7. Transfer characteristicTransfer characteristic

Generaly all optical networks working at Generaly all optical networks working at second optical windowsecond optical window at 1310 nm wavelength.at 1310 nm wavelength.

The greater The greater absorbtionabsorbtion peaks are between 1300 nm and 1480 nm.peaks are between 1300 nm and 1480 nm.

0.40.4 dBdB Single Mode FibreSingle Mode Fibre

At 1550 nm  is the  absorbtion minimum At 1550 nm  is the  absorbtion minimum 

of quartz.of quartz.

((33--rd optical window)rd optical window)
11--st optical windowst optical window

(( multi  mode  fibermulti  mode  fiber))

22--nd optical windownd optical window

((single mode fibersingle mode fiber))

TheThese se absorbtionabsorbtion peaks are peaks are 

caused bycaused by ––OH OH ––hidroxilhidroxil

ion concentration of glass ion concentration of glass 

fiberfiber

αααααααα [[[[[[[[dBdB]]]]]]]]

λλλλλλλλ [[[[[[[[nmnm]]]]]]]]850850 13131100 15501550 18001800400400

11--22 dBdB

0.10.1--0.20.2 dBdB

Short band  Short band  (1450(1450--1510)1510)

Long band  Long band  (1570(1570--1620)1620)

Conventional band  Conventional band  (1525(1525--1560)1560)

14801480

Reilay scatteringReilay scattering

≈≈≈≈≈≈≈≈1/1/λλλλλλλλ4 4 --ReilayReilay szóródásszóródás

After 1800 nm appears the  nonlinear effect. The refractive After 1800 nm appears the  nonlinear effect. The refractive 

index is index is deppendingdeppending of the optical power from core n=of the optical power from core n=n(Pn(P).).

--Raman scattering   PRRaman scattering   PRthresholdthreshold=570mW=570mW=0.57W=0.57W ≈≈1W1W
--BrillouinBrillouin scattering, Pscattering, PBthresholdBthreshold=1mW=1mW

--FWM FWM -- Four wave mixing Four wave mixing 

Mixed the frequency atMixed the frequency at 1.551.55µµmm band and appear noises.band and appear noises.



8. 8. Propagation modesPropagation modes

corecore

claddingcladding

acceptance coneacceptance cone
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ααααααααkk total internal reflectiontotal internal reflection

radiant moderadiant mode

leaking modesleaking modes

guided modeguided mode

Radiant modeRadiant mode ((llesugesugáárzrzóó mmóódus): From the outside of allowable acceptance angle ingoing ligdus): From the outside of allowable acceptance angle ingoing lightht

generated mode. generated mode. 

Leaking modeLeaking mode ::Propagate on the corePropagate on the core--cladding interfacecladding interface..

Guided modeGuided mode ::Given moment and length  in the core of fiber  located modeGiven moment and length  in the core of fiber  located mode..

NNmodesmodes=V=V22/2    V/2    V--is the normalized frequencyis the normalized frequency

V=2.405 is the limit of single mode operationV=2.405 is the limit of single mode operation



9. 9. DispersionDispersion

From different delays the received pulse will be wider as transmFrom different delays the received pulse will be wider as transmitted pulse, this is so called itted pulse, this is so called 
dispersiondispersion..

The dispersion is characterized byThe dispersion is characterized by ∆τ∆τ∆τ∆τ∆τ∆τ∆τ∆τ==ττττττττmaxmax--ττττττττminmin==ττττττττ22--ττττττττ11 maximal time delay differencemaximal time delay difference..
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1100. Type of dispersion. Type of dispersion

Dm Dm -- Modal DispersionModal Dispersion

Derived of thatDerived of that, in the multimode fibers trough numerous possible light way , in the multimode fibers trough numerous possible light way 
one of the photons arrive sooner to end of core which the other one of the photons arrive sooner to end of core which the other which to which to 
smart total internal reflection in several times on the wall.smart total internal reflection in several times on the wall.

DwDw--Waveguide DispersionWaveguide Dispersion

Derived of thatDerived of that, in near of core the cladding , in near of core the cladding alsoalso guided the light in case of guided the light in case of 
single mode fibers.single mode fibers.

Chromatic DispersionChromatic Dispersion (Material Dispersion)(Material Dispersion)

Derived of thatDerived of that, the light rays with different wavelength propagate with differ, the light rays with different wavelength propagate with different velocityent velocity in in 

fibrefibre core.core.

Ussually at fibers customery give the wide of zero dispersion wiUssually at fibers customery give the wide of zero dispersion window and the chromatic ndow and the chromatic 

dispersion variation in out off the window.dispersion variation in out off the window.

Example: Example: 

zero dispersion wavelengthzero dispersion wavelength-- λλλλλλλλo≈1300 nm o≈1300 nm --1332 nm, zero dispersion slope1332 nm, zero dispersion slope--So≤0.092 ps/nm2So≤0.092 ps/nm2 ּ ּkmkm



11. PMD11. PMD--Polarization Mode DispersionPolarization Mode Dispersion

In case of deformed core the resultant polarization planes fluctIn case of deformed core the resultant polarization planes fluctuate in the fluctuation range, because the light uate in the fluctuation range, because the light 

propagate with different velocity in different planes and that’spropagate with different velocity in different planes and that’s why at  end of core  the outgoing optical power why at  end of core  the outgoing optical power 

resulted pulsatingresulted pulsating..

LDPMDPMD
⋅≈∆ ∆∆∆∆∆∆∆∆PMDPMD –– medium delay timemedium delay time

DDPMD PMD -- polarpolarizationization coefficientcoefficient

kmpsD PMD
/11.0 ÷

at at 1 1 dB dB attenuationattenuation::

B
D

r

PMD
TL

1
1.01.0 ⋅=⋅≤⋅ 1.0≤⋅⋅ L

r DB PMD

wherewhere T T is theis the bitbit perperiodiod and and BrBr is theis the bitbit velocityvelocity

ResultantResultant of of 

polarization planepolarization planess

not deformednot deformed corecore eecccentrcentricic (defor(deformedmed) ) corecore

Fluctuation ofFluctuation of polarization polarization 

planesplanes

Slow axisSlow axis

Fast axisFast axis

Cross section of optical fiberCross section of optical fiber



12. Compensation of dispersion12. Compensation of dispersion

1.2         1.3        1.5 λλλλ2D=1550 nm

30

20

10

Dw

D=Dm+Dw

DSF

Dispersion Shifted 

Fibre

ps/nm⋅⋅⋅⋅km

SolutionsSolutions

Dispersion ShiftedDispersion Shifted

FiberFiber

D=±±±±3.5 ps/nm⋅⋅⋅⋅km

Standard Standard fiberfiber

Dispersion

compensation

with negative 

dispersion

fiber

Soliton transfer

The solitons are light pulses which contains 

more wavelength.

The bigness of  different wavelength 

belonging amplitudes as that the indirect 

Kerr effect compensate the dispersion.

Standard fiber Dispersion compensated fiber

D=17 ps/nm⋅⋅⋅⋅km Dc=-85 ps/nm⋅⋅⋅⋅km
L=100 km Lc=20 km

D⋅⋅⋅⋅L=1700 ps/nm                     Dc⋅⋅⋅⋅Lc=-1700 ps/nm

D⋅⋅⋅⋅L+ Dc⋅⋅⋅⋅Lc=1700ps/nm -1700 ps/nm=0 ps/nm

Dm

In the second optical window 

the attenuation is big and the 

dispersion is smal.l

In the third optical window

the attenuation is small but

the dispersion is bigger as in 

the second optical window.



13. 13. Normalized frequencyNormalized frequency

405.2
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π TheThe V=2.405V=2.405 value is the limit value of single value is the limit value of single 

mode operationmode operation..

The higher modes we can eliminate that so must give the  aa--radius of coreradius of core that the VV-- normalized frequencynormalized frequency

V≤≤≤≤ 2.405 (will be minor as 2.405) . (The normalized frequency is the (The normalized frequency is the result of wavguide optic discussionresult of wavguide optic discussion.).)
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TMTM0101 -- Transversal Transversal MMagnetic agnetic mmodesodes

TETE0101 –– Transversal Transversal EElectric lectric MModesodes
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14. Bend radius14. Bend radius
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In multimode fibers the number of propagation modes is reduced aIn multimode fibers the number of propagation modes is reduced as a function of s a function of bend radiusbend radius
according to the following description:according to the following description:

The The critical bend radiuscritical bend radius is:is:

Mo= number of propagation modes without bendingMo= number of propagation modes without bending

M(R)= number of propagation modes with bendingM(R)= number of propagation modes with bending

R R –– bend radiusbend radius

DFDF-- fiber diameterfiber diameter

nn22--clad refractive indexclad refractive index

NA NA –– numerical aperturenumerical aperture

RR

M(R)M(R)

NANAnR a
critic

23

2
//43 =⋅⋅= πλ

Generally  the R is 20 time more than cladding diameter.Generally  the R is 20 time more than cladding diameter.

bend radiusbend radius



15. 15. Characteristic of optical fibresCharacteristic of optical fibres

Fiber Type: Fiber Type: SM 332SM 332

1. Attenuation (1. Attenuation (CsillapCsillapííttáás)s)

≤≤ 0.210.21λλλλλλλλ== 15501550

≤≤ 0.2350.235λλλλλλλλ==13201320

Attenuation (dB/km)Attenuation (dB/km)Wavelength (nm)Wavelength (nm)

2. Point Discontinuity2. Point Discontinuity (Pontszer(Pontszerőő anyaghibanyaghibáák)k)

Point discontinuity is not greater than 0.05 dBPoint discontinuity is not greater than 0.05 dB

at either 1310 nm and 1550 nm.at either 1310 nm and 1550 nm.

3. Water Peak3. Water Peak (Hidroxil ion (Hidroxil ion ––OH tartalom)OH tartalom)

Water peak is not greater than 1 dB/km Water peak is not greater than 1 dB/km 

at 1383 at 1383 ±± 3 nm.3 nm.

44. . Mode Field DiameterMode Field Diameter

(Módus tartomány átmérı)(Módus tartomány átmérı)

9.2 9.2 ±± 0.5 0.5 µµm at 1310 nmm at 1310 nm

10.4 10.4 ±± 1.0 1.0 µµm at 1550 nmm at 1550 nm

5. Cable Cutoff Wavelength5. Cable Cutoff Wavelength

(Lev(Leváággáási hullsi hulláámhossz)mhossz)

λλλλλλλλ cccc ≤≤ 1260 nm1260 nm

6. Chromatic Dispersion6. Chromatic Dispersion

(Kromatikus diszperzi(Kromatikus diszperzióó))

Zero dispersion wavelengthZero dispersion wavelength λλλλλλλλoo==1300 1300 –– 1322 nm1322 nm

Zero dispersion slope: Zero dispersion slope: ≤≤0.0.092 ps/nm092 ps/nm22kmkm



7. Polarization Mode Dispersion7. Polarization Mode Dispersion

(Polariz(Polarizáácicióós ms móódus diszperzidus diszperzióó))

8. Dispersion8. Dispersion

( Diszperzi( Diszperzióó))

9. Glass Geometries9. Glass Geometries

((ÜÜvegvegszszálál geometrigeometriáája)ja)

10. Environmental Characteristics10. Environmental Characteristics

(K(Köörnyezeti jellemzrnyezeti jellemzıık)k)

11. Mechanical Characteristic11. Mechanical Characteristic

(Mechanikai jellemz(Mechanikai jellemzıı))

12. Technical Characterizations12. Technical Characterizations

(Technikai jellemz(Technikai jellemzıık)k)

Tensile Proof Test: 0.69 GPa (at 100 kpsi)Tensile Proof Test: 0.69 GPa (at 100 kpsi)

12a. 12a. Refractive Index Refractive Index DifferenceDifference:: ∆∆∆∆∆∆∆∆ =0.36=0.36

12b. Group Refractive Index: 12b. Group Refractive Index: nngg =1.468 at 1310 nm=1.468 at 1310 nm

nngg =1.469 at 1550 nm=1.469 at 1550 nm

12c. Spectral Attenuation: 0.27 dB/km at 1380 nm12c. Spectral Attenuation: 0.27 dB/km at 1380 nm

Individual Fiber:Individual Fiber: ≤0.2 ps/(km)≤0.2 ps/(km)1/21/2

PMD Link Value: PMD Link Value: ≤0.1 ps/(km)≤0.1 ps/(km)1/21/2
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1200 nm 1200 nm ≤≤ λλλλλλλλ ≤≤ 1160600 nm0 nm

λλλλλλλλ--operating wavelengthoperating wavelength

Temperature Dependence: Temperature Dependence: --6060ººC C --+85 +85 ººC C ≤≤0.1 dB/km at 1310 nm0.1 dB/km at 1310 nm

Water Immersion: +23Water Immersion: +23ººC C ±± 22ººC C ≤≤0.05 dB/km at 1310 nm 0.05 dB/km at 1310 nm 

9a. Cladding Diameter9a. Cladding Diameter:: 125.0 125.0 ±± 1 1 µµm m 

9b. Core concentricity Error: 9b. Core concentricity Error: ≤≤ 0.5 0.5 µµmm

9c. Cladding 9c. Cladding NoncircularityNoncircularity: : ≤1%≤1%

Defined as:Defined as:
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16. Connectors and patch cords16. Connectors and patch cords
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LC duplex to LC duplexLC duplex to LC duplex LC duplex to LC simplexLC duplex to LC simplex LC duplex to STLC duplex to ST

LC simplex and  LC duplex connectorsLC simplex and  LC duplex connectors LC duplex and  SC duplex connectorsLC duplex and  SC duplex connectors



MTRJ multi mode connectorMTRJ multi mode connector MTRJ single mode connectorMTRJ single mode connector

The principal characteristic of connectorsThe principal characteristic of connectors

1. Maximal investiture attenuation: 0.51. Maximal investiture attenuation: 0.5--1.0 dB1.0 dB

2. Minimal attenuation in back direction: 232. Minimal attenuation in back direction: 23--30 dB30 dB

3. Minimal number of connectors in the network: minimum 1000 con3. Minimal number of connectors in the network: minimum 1000 connectorsnectors

4. Temperature range: 4. Temperature range: --2020--+70 C+70 Cºº


