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Light-Emitting Diodes (LEDs)

« Light sources are hetrojunction- structured semiconductor laser
diode and Light-emitting diodes.

* Hetrojunction: It consists of two adjoining semiconductor
materials with different band-gap energies.

« Active or recombination region: Laser/LED are a pn junction
semiconductor materials, electron and holes are injected into p
and n region, respectively. These injected minority carriers can
recombined either radiatively, in which case a photon of energy
hv is emitted is known as the active region.



 LED:
1. Optical output Iis iInchoherent
2. No optical resonant cavity
3. Output radiation has broad spectral width
4. No spatial and temporal coherence.
Laser:
1. Optical output is coherent
2. Optical energy from optical resonant cavity
3. Highly monochromatic
4. It has spatial and temporal coherence.



For photonic communications requiring data rate
100-200 Mb/s with multimode fiber with tens of
microwatts, LEDs are usually the best choice.

LED emitter power is proportional to the diode
current

No thermal or optical stabilization circuits are
needed.

Principle of operation: LED must have,

— High radiance output or brightness: are required to
couple sufficiently high optical power levels into a
fiber.

— Fast emission response time: reduced time delay

— High quantum efficiency: it is related to the fraction of
the electron-hole pairs that recombine radiatively.



LED provide high radiance and high quantum efficiency.
It must be achieved by using optical and carrier
confinement.

Carrier confinement: is used to achieve a high level of
radiative recombination in the active region of the device.

Optical confinement: is used for preventing absorption of
the emitted radiation by the material surrounding the pn
junction.

LED configurations being used in photonic
communications:

1- Surface Emitters (Front Emitters)
2- Edge Emitters



Surface-Emitting LED

Fiber

Circular
etched well

Schematic of high-radiance surface-emitting LED.

The active region is limitted

to a circular cross section that has an area
(>N} compatible with the fiber-core end face.

Bonding material
V/ Metalization

Substrate
.

Confinement
layers

Double-
heterojunction

layers

Si0, isolation

Metalization

Heat sink

W
/ \ Si0, isolation

Active region / \Circular metal contact

*\Where data rate is excess of 100 Mbps are required.
«Active light emitting region is perpendicular to the fiber axis

Optical Fiber communications, 3 ed.,G.Keiser,McGrawHill, 2000



A well is etched In a substrate(GaAs) to avoid
the heavy absorption of the emitted radiation
and the fiber Is then connected to accept the
emitted light.

« The circular active area In practical surface
emitter i1Is nominally 50 micrometer in diameter
and upto 2.5micrometer thick. The emission

pattern is isotropic with a 120 degree half power

peam width.

 |sotropic pattern from a surface emitter is called
_ambertain pattern. In this pattern, source Is
equally bright when viewed from any direction.




Injected Electron
: - barrier
glectrons -
Electron-hole
Electron 1.51 eV recombination
uncrﬂr A o o i e hr_, - HHJ nm
j
Hole + .
harrier Injected holes

Refractive index

4

Active
region

R

(]

3 4

S I e S E——

Waveguide region

Energy band Diagram in the active region and variation in refractive index



Edge-Emitting LED

Stripe contact
(defines active area)

Active area

Light-guiding layers Metalization (for

/ electric contact)

Substrate — |

A Si0, isolation layer

Metalization (for

electric contact) layers

}Double-heterojunction

Heat sink

Incoherent optical
output beam

3
01
L/

Schematic of an edge-emitting double heterojunction LED. The output beam is
lambertian in the plane of junction and highly directional perpendicular to pn junction.
They have high quantum efficiency & fast response.

Optical Fiber communications, 3 ed.,G.Keiser,McGrawHill, 2000



Edge emitter LED emitts a more directional light pattern
than surface emitting LEDSs.

Light collect from edge of the LED. Reduced absorption
losses.

Light produced in active layer and spread into
transparent guiding layer, reduced self absorption in the
active layer.

Guiding layer refractive indices Is less than active layer
but higher than outer material.

Suitable for 50-100 micrometer diameter fiber cable.



Spectral width of LED types

Relative outpmi power

Ed itting
LED

1.18 1.22 126 1.30 1.34 1.38 1.42 1.46
Wavelength (um)

Optical Fiber communications, 3 ed.,G.Keiser,McGrawHill, 2000



Rate equations, Quantum Efficiency & Power of
LEDs

 When there is no external carrier injection, the excess carrier
density decays exponentially due to electron-hole
recombination.

n(t) =ne™"” [4-4]

* nis the excess carrier density,
n, :initial injected excess electron density

7 :carrier lifetime.

 Bulk recombination rate R:

r__dn_n [4-5)

dt 7

« Bulk recombination rate (R)=Radiative recombination rate +
nonradiative recombination rate



bulk recombination rate (R =1/7) =
radiative recombination rate (R, =1/z,)+ nonradiative recombination rate(R  =1/z, )

With an external supplied current density of J the rate equation for the electron-hole
recombination is:

an) _J n oo

dt qd =
g :charge of theelectron; d : thickness of recombination region

In equilibrium condition: dn/dt=0

Jr

n= q_d [4-7]



Internal Quantum Efficiency & Optical Power

R T

r nr

= — [4-8]

R+R, z7,+7, 7

77int =

r

i - INternal quantum efficiency in the active region

Optical power generated internally in the active region in the LED is:

I hcl
I:)int = Tint a hy = TTint q7 [4-9]

P_. :Internal optical power,

int

| : Injected current toactive region



External Quantum Eficiency

# of photonsemitted from LED
#of LED internally generated photons

[4-10]

77ext —

In order to calculate the external quantum efficiency, we need to
consider the reflection effects at the surface of the LED.

If we consider the LED structure as a simple 2D slab
waveguide, only light falling within a cone defined by critical
angle will be emitted from an LED.



Confinement layer

R Emitted
and guiding regicn =
f"”ﬁf «—— LED
Reflected wave facet
Confinement layer
1 P
Tlext = > — JT (¢)(2778|n ¢)d¢ [4-11]
A
. .. 4An.n
T (¢) : Fresnel Transmission Coefficient =T (0) = ———=-  #=
1 (n,+n,)
If n, =1= Noxt = > 4-23]
n,(n, +1)
- - P
LED emitted opticalpowr,P =17,.P,, = L [4-14]
n(n, +1)




Modulation of LED

The frequency response of an LED depends on:

1- Doping level in the active region

2- Injected carrier lifetime in the recombination region, (e
3- Parasitic capacitance of the LED

If the drive current of an LED is modulated at a frequency of @
the output optical power of the device will vary as:

P(Cf)) — I:)O [4-15]
2
1+ (o1,
Electrical current is directly proportional to the optical power,

thus we can define electrical bandwidth and optical bandwidth,
separately.

Electrical BW :1OIog{M} =20 |OQ{M} [4-16]
p(0) 1(0)

p : electrical power, | :electrical current




P() | (o)
Optical BW = 10log{ (O)} 10 Iog{m} i

1.0 Electrical 3-dB point

Optical 3-dB point

Current rabio Im ffh
=
S
]

|

“ Electrical bandwidth
Optical bandwidth

Optical Fiber communications, 3 ed.,G.Keiser,McGrawHill, 2000



LASER

(Light Amplification by the Stimulated Emission of Radiation)

Laser is an optical oscillator. It comprises a resonant optical
amplifier whose output is fed back into its input with matching
phase. Any oscillator contains:

1- An amplifier with a gain-saturated mechanism
2- A feedback system

3- A frequency selection mechanism

4- An output coupling scheme

In laser the amplifier is the pumped active medium, such as
biased semiconductor region

feedback can be obtained by placing active medium in an
optical resonator, such as Fabry-Perot structure, two mirrors
separated by a prescribed distance.

Frequency selection is achieved by resonant amplifier and by
the resonators, which admits certain modes.

Output coupling is accomplished by making one of the resonator
mirrors partially transmitting.



Pumped active medium

 Three main process for laser action:
1- Photon absorption
2- Spontaneous emission
3- Stimulated emission

E, £y O £ QO
r | |
I | I

hV12 I I l thz
| I hvy, |

E, I E i E, i hv{, (in phase)
@)

(@) Absorption (#) Spontaneous emission (¢) Stimulated emission

Optical Fiber communications, 3 ed.,G.Keiser,McGrawHill, 2000



Lasing In a pumped active medium

In thermal equilibrium the stimulated emission is essentially
negligible, since the density of electrons in the excited state is
very small, and optical emission is mainly because of the
spontaneous emission. Stimulated emission will exceed
absorption only if the population of the excited states is greater
than that of the ground state. This condition is known as
Population Inversion. Population inversion is achieved by
various pumping techniques.

In a semiconductor laser, population inversion is accomplished
by injecting electrons into the material to fill the lower energy
states of the conduction band.



Fabry-Perot Resonator

Relative intensity

m=1
j

g m=2
’
5
g
g
5
5
5
g
g
5

< m=8

@) (b) (c)
Resonant modes:kL=mz m=1,23,..

Schematic illustration ofthe Fabry-Perot optical cavity and its properties. (a) Reflected
waves interfere. (b) Only standing EM waves, modes, of certain wavelengths are allowed
in the cavity. (¢) Intensity vs. frequency for various modes. R is mirror reflectance and
lower R means higher loss fromthe cavity.

© 1999 S.O. Kasap, Optoelectronics (Prentice Hall)
o = | (A-RY
s (1-R)? + 4Rsin® (kL)

R: reflectance of the optical intensity, k: optical wavenumber

[4-18]



Laser Diode Modes and Threshold
Condtions

« Laser diode is an improved LED, in the sense that uses stimulated
emission in semiconductor from optical transitions between distribution
energy states of the valence and conduction bands with optical
resonator structure such as Fabry-Perot resonator with both optical

and carrier confinements.

Cavity sides are rough cut .
y g Cavity ends are

\ cleaved on (110)
Dielectric //crystal planes
reflecting 3 e

layer(s)

Optical and carricr
confinement layers

Lasing spot

Transverse size,
} 0.1-0.2 pm

T~

Longitudinal size,
250-500 pm

Latcral sizc
5-15 pm

[ —

. 5-10°(8 )
Optical output

to be coupled
into a fibgr —

Far-field
pattern

30-50°(6 )

Optical Fiber communications, 3 ed.,G.Keiser,McGrawHill, 2000



Laser Diode Characteristics

Nanosecond & even picosecond response time (GHz BW)
Spectral width of the order of nm or less

High output power (tens of mW)

Narrow beam (good coupling to single mode fibers)

Laser diodes have three distinct radiation modes namely,
longitudinal, lateral and transverse modes.

In laser diodes, end mirrors provide strong optical feedback in
longitudinal direction, so by roughening the edges and cleaving
the facets, the radiation can be achieved in longitudinal direction
rather than lateral direction.



DFB(Distributed FeedBack) Lasers

* In DFB lasers, the optical resonator structure is due to the incorporation
of Bragg grating or periodic variations of the refractive index into
multilayer structure along the length of the diode.

Corrugated
feedback grating

Active layer

Confinement
layers

Substrate output

Optical Fiber communications, 3 ed.,G.Keiser,McGrawHill, 2000



Laser Operation & Lasing Condition

To determine the lasing condition and resonant frequencies, we
should focus on the optical wave propagation along the
longitudinal direction, z-axis. The optical field intensity, I, can be
written as:

1(z,t) = 1(z)e! ™ [4-19]

Lasing is the condition at which light amplification becomes
possible by virtue of population inversion. Then, stimulated
emission rate into a given EM mode is proportional to the
Intensity of the optical radiation in that mode. In this case, the
loss and gain of the optical field in the optical path determine the
lasing condition. The radiation intensity of a photon at energy ho
varies exponentially with a distance z amplified by factor g, and
attenuated by factor ¢ according to the following relationship:



1(2) = 1(0)ep[(Tg(hv) —a (hv) )z]

. [€ nl .

Z=0 N, Z=L

1(2L) = 1 (O)RR, &p|(Fg(hv) —a (hv) )2L)]

I": Optical confinement factor, g : gain coefficient

2
- : - n,—n
a . effective absorptioncoefficient, R =| -—2
n,+n,

Lasing Conditions:

1(2L) = 1(0)
exp(—]J24L) =1

[4-22]




hreshold gain & current density

_ 1 1
thh =a +—In [4-23]
2L (RR,

Laser startsto"lase" Iff :g > g,

For laser structure with strong carrier confinement, the threshold current
Density for stimulated emission can be well approximated by:

Ui = /BJth [4-24]

[ . constant depends on specific device construction



Optical output vs. drive current

i
(D]
2
o
o
-
=S
f;‘: Lasing
o (stimulated)
= emission
2
riey
o
o
Q
2
+=
<
)
a4
y
—% Spontaneous
(LED-type)
— emission

Laser diode drive current

Optical Fiber communications, 3 ed.,G.Keiser,McGrawHill, 2000



Laser Diode Rate equations

Rate equations relate the optical output power, or # of photons per unit
volume, (D , to the diode drive current or # of injected electrons per
unit volume, n. For active (carrier confinement) region of depth d, the
rate equations are:

do D
—=Cn®+ R, ——
t Toh
Photonrate=stimulated emission+spontaneos emission+photonloss [4-25]
dn J n
=———-Cnod
dt qd 7

electron rate = injection + spontaneog recombination + stimulated emission

C . Coefficient expressingtheintensityof theopticalemission & absorptionprocess
Rsp .rate of spontaneos emissioninto thelasingmode

Ton - photonlife time

J - Injectioncurrent density



Threshold current Density & excess electron density

+ Atthe threshold of lasing: @ ~ 0, d® /dt >0, Rsp ~0

fromeq.[4-25] = Cn® -D /7, ZO:nzi:nth 426
Crph

« The threshold current needed to maintain a steady state threshold
concentration of the excess electron, is found from electron rate

equation under steady state condition dn/dt=0 when the laser is just
about to lase:

_ \Jth . nth — ‘Jth — qd % [4-27]
qd T

sp sp




Laser operation beyond the threshold
J>J,

« The solution of the rate equations [4-25] gives the steady state
photon density, resulting from stimulated emission and
spontaneous emission as follows:

pm
D, =q—2;(\] —.Jth)+2'thsp [4-28]




External quantum efficiency

Number of photons emitted per radiative electron-hole pair
recombination above threshold, gives us the external quantum

efficiency.

7. = 17 (9, — &)
O,
_ 9 9P _ 5 80652[ ] P MW) 129
Edl dI (mA)

9

Note that: 7 ~60%—70%; 7., ~15%—40%



Laser Resonant Frequencies
Lasing condition, namely eq. [4-22]:

exp(—j2AL)=1= 20L=2mnx, m=123,...

27N

« Assuming ff=—— the resonant frequency of the mth
mode Is:
mcC
O, =" m=1,2.3,... [4-30]
2L.n
2
C A
Av=v, -0,  =— S Al=—- (431
2L.n 2L.n




Spectrum from a laser Diode

o
AN — — Gaussian
i : A output
I/ profile
Iy
iy
1A
: |
1 | |
/]
L

822 824 826 828
Wavelength (nm)

(ﬂ*_ﬂ’o)

g(4)=9(0)exp [— } o :spectral width [4-32]



OPTICAL FIBER JOINTS &
CONNECTIONS




OPTICAL FIBER JOINTS

< Technical requirement for both jointing & termination
of transmission media

a Number of Joints or Connections

= Link length between repeaters
= Continuous length of fiber

= |_ength of fiber cable practically or conveniently
Installed as continuous length

= Repeaters Spacing (A continuously increasing parameter)

> Ranges from ~ 40-60 km at 400 Mbits/s
~ 100 km at 2.4 Gb/s
~ 300 km at 1.7-10 Gb/s using SMDSFs



EIBER JOINT

e Source- Fiber
e Fiber- Fiber
e Fiber- Detector

% Manufacturers supply Electro-optical devices
(Sources and Detectors) with fiber optic pigtail to
facilitate direct fiber-fiber connection

d IMPORTANT ASPECT IS CONNECTION
WITH LOW LOSS AND MINIMUMDISTORTION



Two major categories of fiber joints

A FIBER SPLICES: Permanent or Semi-permanent joints
v'Soldering

O FIBER CONNECTORS: Demountable or Removable joints
v'Plugs or Sockets

‘*FIBER COUPLERS: Branching devices &= =
> Splitters or Combiners
> Importance in Networks




a Crucial aspect of fiber joints concerning Optical
Losses associated with the connection

 Fiber Alignment

L MECHANISMOS AT JOINT

1. Fresnel Reflection

= Optical Loss encountered at the interfaces (Even when two fiber ends
are smooth, perpendicular to fiber axes and perfectly aligned)

= A small proportion of light may be reflected back into transmitting
fiber causing attenuation at the joint.

> Fresnel Reflection



Fiber 1 Adr Fiber 2

Reflection Loss

» Occurs due to step changes in refractive index at
jointed interface

Glass — Air - Glass



Fraction of liaht refl Inale intert

rzfﬂj\_n\z
\n; +n)

n,: R.l. of core, n:R.I. of interfacing medium ( = 1 for air)

| 0SS IN 1bel FR Inale interf

L 0SSk, = -10 log,,(1-r)

= Can be reduced to a very low level using index matching fluid
In the gap between jointed fibers.



2. Deviation in Geometrical & Optical Parameters

o All light from one fiber is not transmitted to another fiber ;
Because of mismatch of mechanical dimension

NA,

S——————
e
=~ NA)
4
2a, | 2a;
v
e e ” = ot ————————
T |

(b)

|
t

Three major cases :
(a)

a) Core mismatch 40

b) NA mismatch =
c) Index Profile , ‘/?

(©)




Intrinsic L

L_osses due to:

* Fresnel Reflection
« Deviation in Geometrical & Optical parameters

» Minimized using fibers manufactured with
lowest tolerance i1.e.(same fiber)



Extrinsic L osses

Q Losses due to some imperfection in splicing
> Caused by Misalignment

e A0 A >
’\(/\ z B 4 Optical fiber
\

SN

e (b (c)

Three possible types of misalignment at joint

(a) Longitudinal misalignment
(b) Lateral misalignment;
(c) Angular misalignment



Lateral

Insertion
loss (dB)
Longitudinal’
: o @ ) | A A A b 4 A -
0 5 10 15 20 25 30 35 40 45 50
Displacement (um)
(@
Index matched gap
40} NA = 0.22
Air gap
NA = 0.22
3.0
Insertion
loss (dB) . Air gap
L s e i / NA = 0.3
i
i
i
1.0+
3 1 I} L 1 X

' A e L
1 2 3 4 5 6 74 8 910
Misalignment angle (degrees)
(b)

(@) Loss due to lateral and longitudinal misalignment for a 50 um core
diameter Gl fiber; (b) insertion loss due to angular misalignment for joints
in two MMSI fibers with NA of 0.22 and 0.3.



FIBER SPLICES

a A permanent joint formed between two fibers
TWO BROAD CATEGORIE

 Fusion Splicing or Welding

Accomplished by applying localized heating (a flame or
an electric arc) at the interface between two butted,
prealigned fiber ends causing them to soften and fuse.

« Mechanical Splicing
Fibers are held in alignment by some mechanical means

1 Achieved by various methods;
o Tube Splices

o Groove Splices




L8 MUST HAVE SMOOTH AND
SQUARE HBACES

1 End preparation achieved using suitable tools - ¢ Cleavers”
*“ Scribe and Break” or “Score and Break”

» Scoring of fiber surface under tension with cutting tool
(Sapphire, Diamond or Tungsten Carbide blade)

Knife-edge initiates
crack propagation

v Fiber to be

/\Qd
) Curved mandrel ) \

Optical fiber end preparation: the principle of
scribe and break cutting.

Tension




Fusion Splicing of Optical Fibers

Electrodes
Fixed block P

Movabie block

N ¥

X
Z o
Stop

y ~ lever

Micropositioner

+ ’
A S
'.‘ }' .

Spring
(a) prng

Electric Arc Fusion splicing

o * Require Fiber end surfaces

slignment 10 be prepared for joint
push » Heating of prepared fiber

lever

ends to fusion point with
application of axial pressure
between two fibers.

 Positioning & alignment
using microscopes



Prefusion Method
= No need for end preparation

1) Initial setting O Electrode (3) Pressed together \J tiectrode
MOVE e
Fiber7 \ Fiber ] Fiber
Y
G Elactiode Electric arc O
(2) Arrangement of s_m\ooth U Electrode (4) Accomplishment [j Elactrode
surface by prefusion of splice :
Fitrer Fiber 1 Fiber
T
Electric arc 3 Q

(b)

Prefusion method for accurate splicing

» Smaller Fresnel Reflection loss
» Typical Losses : 0.1t00.2dB for MMF



Joint after Fusion Splicing

Fiper 1 Fiber 2 Regular fiber Erbiven-doped fber

Y ////ﬁ

'y
/f},.::’»f.;;{_,";f /‘;’/
G

) /

s..—.

a) Regular Fiber b) Erbium-doped Fiber

= Drawback: Fiber get weakened near splice (~*30%)

> Fiber fracture occurs near the heat-affected zone adjacentto
the fused joint.

> Splice be packaged to reduce tensile loading



Mechanical Splicing

= Uses accurately produced rigid alignment tubes into which the
prepared fiber ends are permanently bonded.

Glass or ceramic capillary Square cross section capillary
.

Optical fiber

Optical fiber Cross section

(a) (L)

= Techniques for tube splicing of optical fibers:

(@) Snug Tube Splice
(b) Loose Tube Splice; Square Cross section Capillary



Comparison of Two Approaches

Snug Tube Splices Loose Tube Splices

 EXxhibits problems with
capillary tolerance
requirements

 Avoids the critical
tolerance requirements.

« Losses~upto0.5dBwith ¢ Losses~0.1dB withloose

Snug tube splice (ceramic tube splice using MMGI
capillaries) using MMGI fibers.
and SM fibers.



Ultra Splice

%

B s i T
Ultra Splice: Reusable mechanical splice.

Average Loss = 0.2 dB



Groove Splices

= Use of grooves to secure the fibers to be jointed

> Dbetter alignment to the prepared fiber ends.

Flat glass plate

-~
| Fibers butted together

V-grooved substrate

(a)

V-grooved glass
substrate

Butt jointed fibers

(b)

V-groove splices

> Insertion losses ~ 0.1 dB using jigs for producing V-groove splice.



Elastic Tube or Elastomeric Splice

= Comprises of two elastic parts (inner with V-groove) in
compression to ensure alignment of fibers.

e —

._..—...\_b...-.,.. e Z Onti >
e ‘\_?J::——"'-" : ptlcal \#/\%
fiber V /\

(a) (b)

i

Elastomeric Splice: (a) Cross section (b) Assembly

> Fibers of different diameters tend to be centred and hence
successfully spliced.

> General loss ~ 0.25 dB for commercial product



Spring Groove Splice
= Utilizes a bracket containing two cylindrical pins, which serve

as an alignment guide for two prepared fibers.

= An elastic element (a spring) used to press the fibers into groove
and maintain alignment of fiber ends.

Mean Losses ~ 0.05 dB with
MMGI Fibers.

J
/ \ //  Practically used in Italy.

(a) (b)

Springroove Splice : (a) Expanded overview
(b) Cross-section Schematic



Secondary Alignment Techniques

O Alignment of secondary elements around the bare fibers

* Increased ruggedness
 Easy ground and polish of fiber end

e Better termination

Drawbacks:

= Time consuming for termination

» Increased losses due to tolerances on secondary elements
= Fiber misalignment.



Glass capillary tubes (Ferrules)

MMF mechanical splice using glass capillary tubes.

1 Fixing of glass ferrules

JAlignment sleeve of metal or
plastic in which glass tube
fibers are aligned

JAverage loss = 0.2dB



Rotary Splice

= Use glass capillary tubes for fiber termination with small
eccentricity.

Off-centre
fiber cores

Rotary Splice for SMF:
(a) Alignment using glass ferrules

(b) Glass rod alignment sleeve

e Built-in offset and rotation, for

excellent alignment

Alignment accuracy of 0.05 um
using three glass rod alignment
sleeve. ( necessary for SMFs; 8-10
um MFD)

Mean Losses = 0.03 dB using
Index matching gels (Not affected
by skill levels of the splicer).

s Used iIn large installations in

USA



MULTIPLE SPLICES

aQ Commercially available for splicing number of fibers
simultaneously

« Simultaneous Splicing of Five fibers in 5 minutes;

« 15 minutes for five single fusionsplicing.

¢ Splice Losses:
« Ranging 0.04 to 0.12 dB- MM Gl fibers

e 0.13t0 0.4 dB — SM fibers.



B. V-aroove flat Chip

= Moulded from glass filled polymer resin

= Direct mass splicing of 12 fiber ribbons with simultaneous end
preparation using ribbon grinding and polishing procedures.

= Fibers positioned in grooves in glass filled plastic substrate.

= Vacuum technique to hold fibers at position whilst cover plate is applied.

rain relief

V-groove polymer resin ribbon fiber splice.

> Spring clips to hold assembly
and hole in cover plate for index
matching gel.

L Average Splice Losses
~0.18 dB with MM fiber.



FIBER CONNECTORS s p—

O Demountable fiber connectors
» More difficult to achieve than fiber splices

Must maintain similar tolerance requirements, but in a removable fashion.

Must allow for repeated connection and disconnection without problems for
fiber alignment - without degradation in performance.

Must protect the fiber ends from damage — due to handling

Must be insensitive to environmental factors ( e.g. moisture & dust)

Must cope with tensile load on the cable and can be fitted with relative ease.

Should ideally be a low cost component,



Three Major Parts:

» Fiber Termination : protects and locates the fiber ends
* Fiber end Alignment : provide optimum optical coupling

= Quter shell : maintains the connection and fiber alignment,
protects the fiber ends from the environment and provides
adequate strength at the joint.

» Losses In the range 0.2 to 0.3 dB




A. Butt Jointed Connectors

= Alignment of two prepared fiber ends in close proximity
(butted) to each other so that the fiber axes coincide.

Figure 11.26 An illustration of some of the more common types of connector.



B. Expanded-Beam Connectors

= Utilize interposed optics at the joint in order to expand the
beam from the transmitting fiber end before reducing it
again to a size compatible with the receiving fiber end.

3 mm ball lenses secured with
index-matching epoxy

Fiber : Fiber
e e SR - -'=:

Precision ferrule Precision ferrule

Figure 11.27 An expanded-beam connector,



lindrical Ferrul nnect

= Glass Ferrules with central drilled hole

= Concentric alignment sleeve

( lI te m nated k»,[,-..}.”
), } J L’—'_o—oo_’ o 0
\\?ﬂ_, : *wgﬁé—@  Preparation of fiber
[ ] e ends before fixing the
[ G 1b|e sheath fiber
Rindicl Connector 1" ferrules
sieeve i
TR e Insertion Losses ~ 1to 2
| E.?.lr(i fiber f(:rlrule 31‘, dB With MMSIF
| ,
Adhesive ¢ ; » i
N J‘ T E——— v  Watch jewel for close
4 .
N ] ,_ : end approach and
1 = 7 )
| I~ tolerance requirement
Watch jewel Plastic coating
of fiber

{b)

Ferrule Connectors: (a) structure of a basic ferrule connector;
(b) structure of a watch jewel connector ferrule.



Ceramic Capillarv Ferrules

= Ferrules made from ceramic material

» End preparation after fixing ceramic ferrules

Q Outstanding

* Thermal,

Ceramic capt

 Mechanical

e Chemical Resistance

Threaded coupling

/-/"\ Pivg e 0 Average Losses
Boot ~ 0.2 dB with MMGI
ST series multimode fiber connector using ceramic ~ 0.3 dB with SMF

capillary ferrules.



Biconical Connectors

= Widely used as part of jumper cable

» Fiber end faces polished after plug attachment

Precision plastic moulded

Cladding biconic alignment sleeve

pvC inner sheath

lllll

r e 1 !
- 2
f ore
Fiber ¢ Strength member \
Precision plastic moulded Retention collar

male connector

Cross-section of biconical connector

v" Mean insertion losses ~ 0.21 dB with connectors of 50um
diameter Gl fibers.



Double Eccentric Connector

= Does not rely on a concentric sleeve approach
= Consists of two eccentric cylinders within outer plug.

> An active assembly adjustable,
allowing close alignment of fiber
ends

> Operation performed under
Inspection microscope or peak

Two eccentri

it optical adjustment.

Connector Structure

= Mean Insertion loss =~ 0.48 dB with MMGIFs reduces to
2. dB with index matching gel.

v" Also used with SMFs giving losses 0.46 dB.




Duplex Fiber Connector

= Developed to provide two way communications

= Uses ferrules of different types

= Mostly used in LANSs

= Commercially available

for use In FDDI =~ loss of
0.6 dB.

Media interface plug with DFC



Multiple Fiber Connectors

= Utilizes V grooved Silicon chips for mounting

Adaptor

Py

" Metal guiding rods and coil
springs for precise alignment

= Average Losses

* ~0.8dB with MMFs

« Reduced to 0.4 dB using
index matching fluids

Cramp spring

(b)

(a) Fiber ribbon connector (b) SM Ten fiber
connector.



EXPANDED BEAM CONNECTORS

» Collimating and refocusing the light from one fiber into
the other.

Optical fiber Optical fiber

Lenses

Principle of Operation

= Very attractive for multi-fiber connections and edge
connections for PCBs



Lens Coupled Expanded beam connectors

= Utilize spherical micro-lenses ( 50 um ®) for beam expansion
and reduction

Microlenses

AN T

Opticalfiber "o === 2 I S i e Optical fiber

(a) Two Micro lenses connector (b) Moulded plastic lens connector

¢ Average Loss ~ 1 dB, reduced to 0.7 dB with AR coating

Grommet

Spring (b)



GRIN-rod L enses

Q An alternative lens geometry to facilitate efficient beam
expansion and collimation

= Arose from development of Gl fiber waveguides

= Acylindrical glass rod 0.5 to 2 mm in diameter with parabolic refractive
Index profile.

= Light propagation is determined by the lens dimension and wavelength of
the light.

* Produce a collimated output beam with divergent angle of 1°to 5° from
light source.onto the opposite face of lens



GRIN-rod Lenses

f—— 0.25 pitch  ——| ‘/:_}__'
// f
/ Pl x
Fiber / ﬁ__..
GRIN-rod lens

« Ray propagation determined by paraxial ray equation
d?r 1dn
dzZ ndr
» Solution Is
r = k,cos A2 r + k,sinAY2r :— A ssinusoidal path

= Traversing of one sinusoidal period : one full pitch



Various fractional pitch GRIN-rod lenses

AN B

T ——v—: = 0.25, 0.23, 0.29etc.

» SELFOC from Nippon
=y —) Sheet Glass Co. Ltd.

e > % Losses =1dB
Fiber (\ s
}4—0.23p—-——‘{
® “* Average L.osses
i e ~ -
S 0.2 dB with MMGI
Source .\____,/ e I
~ 0.3 dB with SMF




