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Base on refractive index
profile

Step Index Fibers GRIN-Graded Index Fibers

! !

Base on number of modes

One dimension parabolic
SM-Single Mode Fiber Two dimension parabolic

MM-Multi Mode Fiber

Base on dispersion characteristic

NDSF- Not Dispersion Shifted Fiber
DSF- Dispersion Shifted Fiber
NZDSF- Not Zero Dispersion Shifted Fiber



Multi-mode fibers

Core/Cladding size: 50/125 pm, 62.5/125 um,100/140 um

Optimum operating window: 850 nm

-LED signal light source can be used
- Large NA

- Inexpensive

Disadvantages:

- Large modal dispersion
- Small bandwidth
- Ideal for short-distance applications

(reach limit -5km)

Single-mode fibers

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

Optimum operating window: 1310 nm or 1550 nm

- No modal dispersion
- Large bandwidth
- Ideal for long-distance communication

(reach distance greater than 50 km)

Disadvantages:

- Small NA
- Laser signal light source must be used

- Expensive



3. Proozgztion of rays inthe steo Inda.cflosr
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Numerical aperture results from application of Snellius-Descartes law in the input point of the
core:

sin®, =n-sinf=n,sin(n/2-a, )=n1-cosa,=n1-(1-sin’a, )>=n1-[1-(n,/n, )*]>=(n 2-n,)12
2 2
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Introduced the relative index difference of core: A= — 5

2'711

The numerical aperture of core is: NA — SiIl ek — / n12 _ nz - nl oA/ 2.A

Numerical aperture is dependent by relative index difference. Generally A<0.01
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At GRIN-Graded Index Fibers the rays accessed under greater angle propagate in the smaller index refraction

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

In the next demonstration we considering that the n-refractive index is the function of only the y-coordinate.




The equation of ray traiectory
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Geometry of graded index fiber Interpretation of differential

From refraction law results:  7())" sing —0(y)=n(y+Ay)- Sin% —-0(y+Ay))
n(y)-cosO(y) =n(y+Ay)-cosf(y+4y) (1)

dn _n(y+Ay)—n(y)

From interpretation of differential we iga=n'=
are: Y Ay
dn dn
Ay =n(y+A)-n(y) = nr+A)=n()+-—4Ay (2)
dy dy
cosd(y +Ay)—cosf(y) do

In same mode: (cosB(y))'= =—sinf(y)-—
Ay dy



Whieh fesult: o0y + Ay) = cos0(») - 27 sin0(»)- Ay (3)
Y

first equation result:

et auation sesutt 1) c0s0(y) = {n(y) + % - Ay} (cos0(y) - ? -sind(y)- Ay)
Y Y

After calculation result the following equation:

n(y)-cosf(y)=n(y)-(cosf(y)—n(y)- —i sin&(y)- Ay)+;l—y Ay- cosﬁ(y)—@ ﬁ Ay -sin&(y)

Because Ay <<0 is small , A%y is smaller A2y—»0 negligible

do . dn do dn
n(y)-—-sin@(y)=—-cosf(y) . tol(V) = —
dy dy () dy g0(y) dy

do 1 dn
i 1g0(y) = ) (4)

After Gauss approximation (paraxial aproximation) results:

201 =0() =2 (5)



Put equation 5 in equation 4 result the ray trajectory in the glass fiber:

! dn_dH.dy_d(dyj'dy_dzy I dn_d Y (6)
n(y)ydv dy dz dy\dz) dz g 2 n(y) dv g 2

2 2 2 2
One dimension parabolic refraction index-profile: 77 () = No d-qg - y )

where the a is very small and a?%y?<<1.

) 2
2 a - ; 2
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The refraction index is: n(y) = No
) 2
Derivate of refraction index: n'= dnd;y) = CZ’ I/Zo'(l_ a 2y ) | = _no_a2_27y= —no'az'y
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dy

Substituing in ray equation: 1 . dn _ N4 result — (- n0a2 y) =5
n(y) dy d -2 0 dz
Z
2
d yZ = - a ’. y Parabolic differential equation
d z . P
Yy _ Y _dp(y) _dp dy _ dp
With following substitution = p(y)  result d ;2 T @ & o F
a2 2 p_avy P ) p,=ti-ay
a P-7ar dpp=-q-y-dy ST =>Ppma)y 12
y(z) = (,-cos(az) + (,-sin(az) Determination of constants:
Forz=0  y(0)=(,-cos(0)+ (,-sin(0)=C,-1=C], C1 = y(0)
O(z)= % 0(z) = % =—a-(,-sin(az) +a- (- cos(az)
Forz=0 0(0) = y'(0) = —a -, sin(0)+a-(,-cos(0) =—a-(C,-0+a-C,-1=a-C, (.= ‘920)

900
a

0(z) =—ay(0)-cos(az)+ 8(0) -sin(az)

Solutions of equation: y(2) = ¥(0) - cos(az) + -sin(az)

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

One dimension

parabolic ray
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Single-mode fiber

\ 4

Single-mode fiber — Gaussian model

Gauss impulse

o
»

intensity



Optical fiber

The optical power decreased exponential at end of fiber.

a - is the attenuation of fiber in dB/km



6. The optical attenuation

P=pPy10°“

lgP:—aL-l gl0=—a-L1=—a-L
Po




7. Transfer characteristic

After 1800 nm| appears the nonlinear effect. The refractive
index isideppending) of the optical power from core n=n(P).

Mixed the frequency: at 1.55umi band and appear Noises.

1-2 dB
0.4 dB

0.1-0.2 dB

1-st optical window 2-nd optical window o el

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

The greater absorbtion peaks are between 1300/ nm and 1480 nm.

6/17/2008




)

9. Propzgztion mocdss
cladding

raclizant mocle

core n,

acceptance cone

4 /
leaking mocdss — \‘ﬂscl
guided mode - n,

N/ odes=V42 V-is the normalized frequency

V=2.405 is the limit of single mode operation

e

Radiant mods (lesugérzd mocdus): From the ouisicde of allowabls acceptance angls ingoing light

enerated mocle,

[Gal
@

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



Multi Mode Fiber
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Ilustration of dispersion

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

The dispersion is characterized by A’l:='cmax-’cmin=1:2-’l:1 maximal time delay difference.

The sinus of critical angle a, from this result

Ll’l1A
C

For multimode fibers the maximum time delay difference is: A T =



Dm - Modal Dispersion

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

Dw-Wavequide Dispersion

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

Chromatic Dispersion (Material Dispersion)

Derived of that, the light rays with different wavelength propagate with different velocity in
fibre core.

Ussually at fibers customery give the wide of zero dispersion window and the chromatic
dispersion variation in out off the window.

Example:

zero dispersion wavelength- 201300 nm -1332 nm, zero dispersion slope-S0<0.092 ps/nm2-km



Fast axis

Resultant of / ~ Fluctuation of polarization
polarization planes ’ ¢ planes
£ / ) / I
.7 ¢ Slow axis
-’ -7

E)t deformed core \ eccentric (deformed) core

'

Cross section of optical fiber

In case of deformed core the resultant polarization planes fluctuate in the fluctuation range, because the light
propagate with different velocity in different planes and that’s why at end of core the outgoing optical power
resulted pulsating.

<APMD> ~ DPMD . \/Z Apyp — Mmedium delay time DPMD 01 . lpS /M

Dpyip - polarization coefficient

1
at 1 dB attenuation: DPMD.\/ZSO'I.TZO'I.— B,,.'IDPMD'\/ZSO-1

7

where T is the bit period and Br is the bit velocity



Solutions

Standard fiber

Dispersion Soliton transfer

compensation
with negative The solitons are light pulses which contains
i . more wavelength.
dlspersmn The bigness of different wavelength
fiber belonging amplitudes as that the indirect

Kerr effect compensate the dispersion.

Standard fiber Dispersion compensated fiber
D=17 ps/nm-km D.=-85 ps/nm-km
L=100 km L.=20 km

D-L=1700 ps/nm D L =-1700 ps/nm

D-L+ D L .=1700ps/nm -1700 ps/nm=0 ps/nm

Dispersion Shifted
Fiber

D=13.5 ps/nm-km

ps/nm-km

30 In the second optical window
the attenuation is big and the

dispersion is smal.l D=Dm+Dw

20
In the third optical window
the attenuation is smal/but
10 the dispersion is bigggr as in

the second optical

indow DSF

Dispersion Shifted
Fibre

1.5 2A,,=1550 nm



Normalized frequency

27261 2 2 27261 The V=2.405 value is the limit value of single

i . nl — n2 = . NAS 2405 mode operation.

The higher modes we can eliminate that so must give the a-radius of core that the V- normalized frequency

V=

V< 2.405 (will be minor as 2.405) . (The normalized frequency is the result of wavguide optic discussion.)

HE,, — Hybrid Electromagnetic Modes

2

N modes ~ 2
Number of propagation modes in
core of fiber.

T8 W

V=2.405



In multimode fibers the number of propagation modes is reduced as a function of bend radius
according to the following description:

MR)=Mo-(1- ], 5./ R- NA)

Mo= number of propagation modes without bending M(R)

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

R - bend radius \—L

DF- fiber diameter

n,-clad refractive index R

NA - numerical aperture bend radius

The critical bend radius is:

Rcrm'c=3nz'l/4ﬂ'NA3=a/NA2

Generally the R is 20 time more than cladding diameter.



Fiber Type: SM 332

1. Attenuation (Csillapitas)

Wavelength (nm)
A=1320

Attenuation (dB/km)
£0.235

A= 1550

<0.21

2. Point Discontinuity (Pontszerii anyaghibak)

Point discontinuity is not greater than 0.05 dB
at either 1310 nm and 1550 nm.

3. Water Peak (Hidroxil ion —OH tartalom)

Water peak is not greater than 1 dB/km

at 1383 £ 3 nm.

4. Mode Field Diameter

(Médus tartomany atméro)

9.2+0.5um at 1310 nm
10.4 £ 1.0 pm at 1550 nm

5. Cable Cutoff Wavelength

(Levagasi hullamhossz)
A cc £1260 nm

6. Chromatic Dispersion

(Kromatikus diszperzid)

Zero dispersion wavelength 20=1300 — 1322 nm

Zero dispersion slope: £0.092 ps/nm2km



7. Polarization Mode Dispersion
(Polarizaciéos maédus diszperzid)
Individual Fiber: 0.2 ps/(km)'/?2
PMD Link Value: 0.1 ps/(km)'?2

8. Dispersion
( Diszperzio)
2

D(/l)z%-

9. Glass Geometries

(Uvegszal geometriaja)

9a. Cladding Diameter: 125.0 £ 1 ym

9b. Core concentricity Error: £ 0.5 um
9c¢. Cladding Noncircularity: €1%

Defined as:

ﬂ,_/lo 1200 nm £ A £1600 nm

3
ﬂ A-operating wavelength

10. Environmental Characteristics
(Kornyezeti jellemzdk)
Temperature Dependence: -60°C -+85 °C <0.1 dB/km at 1310 nm
Water Immersion: +23°C t 2°C <0.05 dB/km at 1310 nm

11. Mechanical Characteristic

(Mechanikai jellemzd)

Tensile Proof Test: 0.69 GPa (at 100 kpsi)

12. Technical Characterizations

(Technikai jellemzok)

12a. Refractive Index Difference: A =0.36
12b. Group Refractive Index: ny =1.468 at 1310 nm

ng =1.469 at 1550 nm
A core

— cladding ~ 0
- n,

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

1dB

Cladnoncirc.=| 1—

Min. cladding diameter

Max. cladding diameter

x100

0.5dB

1 1
1 1
1 1
1 1
I | - |- ———t == == [
I I
1
1 1
1
1 1

v

1300 1400 1500
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LC duplex to LC simplex LC duplex to ST

_ 5C duplex

n

LC duplex and SC duplex conne(tj:tors

L
C

LC simplex and LC duplex connectors

d



MTRJ multi mode connector MTRJ single mode connector

The principal characteristic of connectors

1. Maximal investiture attenuation: 0.5-1.0 dB
2. Minimal attenuation in back direction: 23-30 dB
3. Minimal number of connectors in the network: minimum 1000 connectors

4. Temperature range: -20-+70 C°



