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Fiber Direct Focusing

Bare fiber coupling
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Pigtailed and connectorized fiber optic devices
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Mechanical Splicing
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Mechanical coupler

SMA Fiber Optic Coupler
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Fiber connector types

Biconic Connector
A single fiber connector, body has a
cone shaped tip, and a threaded barrel
for securing to the coupler. Ferrule can
be either ceramic or stainless steel.
Generally heat cured. Mainly found on
older electronic equipment and
infrastructure. Generally considered a
high loss connector.
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ST Connector

A single fiber connector with
either composite or ceramic
bayonet style ferrules
(2.5mm). Connector body is
molded plastic using a twist-
lock latching mechanism.
This style of connector is
found in many applications,
one of the first truly universal
connector. Also used in APC
(angled) applications.
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FC Connector

A single fiber connector with
a standard (2.5mm) ceramic
ferrule. Connector body can
be metal and or plastic
molded, and the threaded
keyed barrel ensures
reliable coupling. This is a
good style for high vibration
environments. Also a
popular APC (angled) style.
Found in telecommunication
equipment and CCTV &
CATYV applications.




Photonic crystal fiber coupler

* Fiber couplers made with photonic crystal
fibers (PCF). Two types of PCF were
fabricated by means of stacking a group of
silica tubes around a silica rod and drawing
them. The fiber couplers were made by use
of the fused biconical tapered method. With a
fiber that had five hexagonally stacked layers
of air holes, a 3367 coupling ratio was
obtained, and with a one-layer four-hole fiber,
a 4852 coupling ratio was obtained.
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Interchangeable connector

Hybrid SC connector adaptors
are available for: MU, FC, SC,
ST, LSA ( DIN47256 ), F3000,
E2000, LC optical connector

types.

Kingfish international
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Waveguide Coupling

ptype

Laser

Lens
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Grating Coupler
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General Definitions

Coupling efficiency to the m-th mode
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Coupling loss (dB)
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Direct Focusing

n, ’
N2
Fig. 7.1. The trans-

verse coupling method,
which is sometimes
referred to as end-fire
coupling
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A(x, y): Field distribution of the incident beam
B, (x,y): Field distribution of the m - th mode
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Review on Gaussian Beam
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Figure 3.2 Spreading of a TEM- » mode.
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Ref: Verdeyen, Laser Electronics, 3" ed., Prentice Hall.
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End-Butt Coupling

Approximation: (assuming all waveguide modes are well confined, and 7, <t;)
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Misalignment Effect
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End-butting Method

1. practical in case of coupling a waveguide to a
semiconductor laser or to another waveguide such as the

end of a commercial optical fiber.

2. Efficiently coupling an uncollimated divergent laser
beam (10 to 20°) emitted from a semiconductor laser,
which 1s difficult to achieved using either prism, grating,

or tapered film couplers.
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High efficient coupling is achieved by making the thickness of the waveguide
approximately equal to that of the light emitting layer of the laser and aligned
as shown 1n Figure 13a (A.Yariv, IEEE J. QE-9, 919 (1973)), and also by the
fact that the field distribution of the fundamental lasing mode is matched to the
TE, waveguide mode. The efficiency can be further improve if indices of the
laser emitting layer and waveguide are close and the ratio of the thickness of
waveguide to the laser emitting layer 1s small. To eliminate any oscillatory
shape of output due to the Fabry-Perot etalon formed by the plane parallel
faces of the laser and waveguide (when separation between them are less than
a wavelength), epoxy of the matching index between the laser and waveguide
must be used. This method is useful if an unpackaged laser diode is used.
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Prism Coupler

One of the ways to coupl the ligh Into the wavegulde is to utilize a prism.

The prsim coupler allows light to be coupled at an oblique angle. For this to happen, the compo-
nents of phase velocities of the waves in the z directlon be the same in both the waveguide and the

Incident beam

N
o

Mg

Thus, a phase-matching condition must be satisfied in z direction, which requires

Bm = ﬁ:nlsinem = Eitnlsinem

o

However, we know for a wavegulded mode, Bm > kny , this leads to the result that sin E]m »1.
One solution to the problem of phase matching Is to use a prism.



Prism Coupler

If prism spacing is small enough so that tail of waveguide modes overlap the tall of the prism
mode, there Is a coherent coupling of energy from prism mode to the mth waveguide mode when

B ,, Is choosen so trhat [ s = P (phase matching condition based on E field is contious). The
condition for matching of the P terms is given by

21

2

a single prism can be used to couple to many different modes by merely changing the angle of
Incidence of the optical beam.

The modes in the waveguide are only weakly coupled to the mode in the prism. Hence, negligible
perturbation of the basic mode shapes occurs. Of course, the condition

)
A p=0,= asin —
g

must be satisified if total internal reflection is to occur in the prsin, where 6 Is the critical angle.
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Coupled-Mode Theory
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K : Coupling efficient (overlap integral

between the prism mode and the waveguide mode)

L = i = n
cosB 2«

For a given L, the coupling coefficient required for complete coupling:

ncosB,,
2w

K
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This condition for complete coupling assumes that the amplitude of the electric field 1s uniform

over the entire width W of the beam. In praticial case this Is never true. Also the trailing edge of
the beam must exactly Intebrsect the righ-angle comer of the prism. If the Intersects too far to the

right, some of the Incident power will be either reflected or transmitted directly Into the

wavegulde and will not enter the prism mode. If the beam is Incident too far to the left, some of
the power coupled Into the waveguide will be coupled back out into the prsim.




Why prism coupler?

The advantage of prism coupler is that it can be use as an input and output
coupling devices.

If more than one mode is propagating in the guide, light is coupled in and out at
specific angles corresponding to each mode.

If a gas laser 1s used, the best method for coupling is using either prism or grating
coupler

Disparage is is that mechanical pressure must be applied to prism during each
measurement sot hat spacing between prism and waveguide remains constant to
get consistent coupling coefficient.

Other disadvantage is prism coupler index must be greater than the waveguide.

Another disadvantage is that the incident beam must be highly collimated because
of the angular dependence of the coupling efficiency on the lasing mode.

W. wang



For most semiconductor waveguides, g, ~ kn,->
Difficult to find prism materials

Table 7.1. Practical prisne materials for beam couplers

Mauteriul Approximae Wavelength
relractive index  range

o visille = neae TR

strontioem tanat 2
Rutile 2.5 visible = neor TR
Crerniium idd 14
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Assignment: Output Prism Coupler

He-Ne laser, L, = 632.8 nm /

P =" / )/
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Assignment

What are the coupling angles for modes that are guided? Given n,
= 1.0, n,= 1.6, n;=1.5,n, =2.2 and waveguide thickness h =
10um, A= 1.310um and W= 9 um and base of the prism is Imm.
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Grating Coupler

Incident _~» Q 9;" < Reflected beam
beam A~ ny
‘. —= Bm Mgz

Ll .

|
Transmitted
beam

The light coupled into the thin film is achieved by the fact that the diffracted
incident light 1s phase-matched to a mode of the film. Grating couplers viewed
as surface-wave to leaky-wave converter (output coupler)
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Because of its periodic nature, the grating perturbs the
waveguide modes in the region underneath the grating, thus
causing each one of them to have a set of spatial harmonics
with z-direction propagation constants given by

V2T
Bv=Po+——. v=0.+1,+2....

A
The fundamental factor 1s approximately equal to the of the
particular mode 1n the waveguide region not covered by the
grating. Because of the negative values of v, the phase
matching condition B, =kn,sin0,, (continuity of tangential field
component) can now be satisfied so that

Bv =kn sin0,,

W. wang



Why grating coupler?

1. A simple reproducible and permanent coupler compatible with
planar device technology.

2. The grating coupler can also be used on high-index
semiconductor waveguide where 1t is difficult to obtain
suitable prism material.

W. wang



Example

Grating: A = 0.4um on a GaAs planar waveguide
A, = 1.15um

Propagation constant for the lowest-order mode in the waveguide:
B,=3.6k

Assume 1%t order coupling, |[v| =1, what incident angle should the
Light make 1n order to coupe to the lowest-order mode?

W. wang



Assignment

Grating: A = 0.4um on a S10 planar waveguide
A, = 1.310um

Propagation constant for the lowest-order mode in the waveguide:
B,=3.6k

Assume 1%t order coupling, |[v| =1, what incident angle should the
Light make 1n order to coupe to the lowest-order mode?
At what A, do we start to need higher-order coupling?

W. wang



Tapered Mode Size Converters

e) i) a)

Fig. 7.12a-g. Lateral taper designs. a Lateral down-tapered buriecd waveguide. b Lateral
up-tapered buned waveguide. ¢ Single lateral taper transition from a ridge waveguide to
a fiber-matched waveguide. d Multisection taper transition from a ridge waveguide to a
fiber-matched waveguide. e Dual lateral overlapping buried waveguide taper. £ Dual lateral
overlapping ridge waveguide taper. g Nested waveguide taper transition from a ridge wave-
guide to a fiber-matched waveguide [7.25] ©1997 IEEE



Fiber to Fiber coupling loss

Joseph C. Palais
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Fiber to Fiber connection loss

» Reflection losses

* Fiber separation

» Lateral misalignment

* Angular misalignment

* Core and cladding diameter mismatch
* Numerical aperture (NA) mismatch

» Refractive index profile difference

* Poor fiber end preparation

W. wang
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GRIN Lens

Gradient index micro lenses represent an innovative alternative to conventional
spherical lenses since the lens performance depends on a continuous change of the

refractive index within the lens material.

1. GRIN objective lenses with an angle of view of 60° are produced in standard
diameters of 0.5, 1.0 und 1.8 mm. Typical object distances are between 5 mm and

infinity.

2. Instead of curved shaped surfaces only plane optical surfaces are used which
facﬂltate assembly. The light rays are continuously bent within the lens until finally

they are focused on a spot.



GRIN Lenses

n(r) = n,(1-Ar%/2)

n, -- Index of Refraction at the Center
r -- Diameter of Grin Lens
A -- Gradient Constant

The quadratic n(r) results in a sinusoidal ray

N() path

P =2m/A%>

For length L = P/4 => quarter pitch lens
= P/2 => 14 pitch lens

-D/2
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GRIN Lens

0.25 pitch

— — —

SN

Light exiting a fiber can be collimated into a parallel beam when
the output end of the fiber is connected to the GRIN lens. (0.25P)
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GRIN Lens

Focusing of the fiber output onto a small detector or focusing of
the output of a source onto the core of a fiber can be
accomplishing by increasing the length of the GRIN lens to 0.29
pitch. Then the source can be moved back from the lens

and the transmitted light can be refocused at some point
beyond the lens. Such an arrangement is useful for coupling
sources to fibers and fibers to detectors.

0.29 pitch

W. wang



Why a GRIN ?

* Conventional designs
— Conical elements
— Aberrated lenses

— Diffractive

* GRIN design

— Well suited for small-diameter designs
— Allows back-focal offset, unlike conical element
— Simpler alighment than multiple lens solutions

— Lower dispersion than diffractive axicon

W. wang



Coupling between Waveguides

2x2 Coupler

Port 1
Port 2 -

2 x 2 Splitter

Port 3
Port 4

=

Operating Wavelength

— Output Port | Transmission (I.L.) at hop

Input Port | 3 4
1 99% (0.04dB) | 1% (20.0dB)
2 1% (20.0dB) |99% (0.04dB)

rop £ Ah

MOTE: Tahle is uzed for illustration pumoses only. Mot for
produd zecifications.

W. wang
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Directional Couplers

N
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Coupling: Mixing of two adjacent modes, exchanging power as they propagate
along adjacent paths.

Energy transfer in a coherent fashion. " Direction of propagation maintained.



Synchronous Versus Asynchronous

Synchronous: Both waveguides are identical

LI T e e e

In-phase =)
In-phase =)
In-phase =)
In-phase =)

Power transfer continues all the time.
-> Complete power transfer

W. wang

In-phase -I

Asynchronous: Both waveguides are not identical

In-phase =)
In-phase ===
In-phase =)

Out of phase =
Out of phase =)

The power transfer that occurs while the waves
are in phase is reversed when the waves are
out of phase. -> Incomplete power transfer



Dual-Channel Directional Coupler

X Fig. 8.2. Diagram of
£ dual-channel direc-
|§ tional coupler. The
y amplitudes of the
) . elecinc field distnibu-
uide O quide | tions in the guides are
n, / / shown below them

Fraction of the power coupled per unit length determined by overlaps of the modes.
Determine the amount of transmitted power by bending away the secondary channel

at proper point.
I \} ;\1 .\l 1 1
/"/ )"'/ /{ N =~ N




Transmission Characteristics

3dB directional coupler,
interaction length = | mm

1:00% directional
coupler intaraction
length : 2.1 mm

INPUT PL ANE

= g BRI
':'E]_E..l oQ
Ll $ R

OUTPUT PLANE

Fig. 8.3, Oplical power distribution al the oulpul ol 4 3 dB dual-chunne] direcional coupler,
for vanous input condibions (as explamed in the texi). L he oscillographs of output power

were made using a scanming system like that shown n Tig.

. The waveguides, which were

formed by proton bombardment of the GaAs substrate, had 3 pm < 3 pm cross-scction and
were separated by 3 pum. The interaction length was 1 mm

INPUT PLANE

CUTFUT FLANE

Fig. 8.4, Optical power disiri-
bution at the output of a 1005
dual-channel directional cou-
pler for vasious input condi
tions. The waveeunides were
like those of Fig. 8.3, cxeept
the interaction length was
2.1 mm



Coupled-Mode Theory

Synchronous Coupling

Electric field of the propagating mode in the waveguide:
E(x.y,z) = A(zE (x.y)

A(z): Complex amplitude, including phase term e
E (x.y): Field distribution in one waveguide, asuming the other waveguide 1s abscent.

5Pz

Coupled-mode equations:

% _ BAy(2)- jxd (2)

dA

) A (o)- ey (2
Initial condition: AD(U) =1

A4,(0)=0
Solutions: A{}(z) — COS(KZ) exp(- JBZ)

4,(z) =- jsin(xz)exp(- jpz)
B= .- /%

o : Loss coefficient



Power Transfer in Synchronous Coupling

Power flow: 2 9
Py(2)= |4(2)| = cos® (kz) exp(- az)
_ A2 — i
R(2)= |4,(z)]" =sin* (xz) exp(- 02)
| 4
i e k¥
e ’
Bl ~ W, 2090 e _
T m Length necessary for complete
m
L= B +— «— transfer of power from one
w ik waveguide to the other.
m=0,1, 2,
A
P,(z)
0 i

Fig. H'S'. Iilu.'lm.'::uu:llly caleulated power distribution curves for a dual-channel directional
'L'U|.||'}|L‘|:'. Ihe initial condition ol Po(0) = 1 and .-”l () = 0 has been assumed
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Coupled-Mode Theory

Asynchronous Coupling

Coupled-mode equations: dA,(z)

7— TBo4y(2)  jrA4(2)

dA
f) BAD) Ay (2)

Define: Ay(2) ay(z) exp(- jBz2)
4(2)|7] a(2) |

: Coupled propagation constant

Condition for non-trivial B= Ei— g
solutions results in:
ﬁ= Bo B,
2
) aﬁj
=K +
£z |
Initial condition: A{}(O) =1
4,(0)=0



Power Transfer in Asynchronous Coupling

) Acunchin : i
Power ﬂDW: (a) Asynchrenous coupling = By
la(0)*=1 [
2) = cos? (ez)e “y 5.[3 sm(g,_:,_
Ry(2) = cos’ (g2)e ; -
g g = |
7 ]{2
_ S « 2 -0z
R(2)= [4(2)] = —5sin’(gz)e
5 b(0)=0 s n Ll 7
o n i n
- 2%y g 2y [
Y- = i
g ( . k for synchronous coupling) NS Gty B P
Assuming lossless for the figures. {0Vl \ e
E ]
Ih(0)2=0 L ' > 7
I 35 Ix
K 2K K

Fignre 8.13. Guided powers |alz)” and [z )" vs. the coupling distance z: (2} asynchromes
coupling #, <+ 3. {b) synchronous couphng Y, = ..



Applications: Modulators and Switches

Control Ap electrically

MathCAD program

z= 1 Coupling length, in mm

0.8

A 2
glAf): = }:2 + {—ﬁ]
J 2 0.6

AP P sinlg(ABY)  —

PO = coslg(A B]E)E+ [ ?] ) PIAR)
sy 7 04
K 2 2
Pl =] Isin(g (AP)z) ’
(0 ; 02 '

2176 10 %




Multilayer Planar Waveguide Coupler

( Waveguide Mg
| :
nz Waveguide
Ny
Substirote
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Ref: G. A. Vawter, J. L. Merz, and L. A. Coldren,

Fig. 8.1. Coupling berween mwo
planar waveguides by optical tun-
nelme. ‘lranster of enerey occors

by phase coherent synchronous cou-

pling through the isolation layer
with indax
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“Monolithically integrated transverse-junction-strip laser with

an external wavequide in GaAs/AlGaAs, J. Quantum

Electronics, v. 25, no. 2, p. #54-#62, #989.
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Because of the size of the prism, the interaction betwen prsim and waveguide mode can occur

only over the length L. The thoery of weakly coupled mode indicates that a complete interchange
of energy between pahse matched modes occurs If the Interaction length in the z direction satifies

the relation

T'l:_
kL =%

where k is coupling coefficient. The coefficlent depend on nl, np and n2, which determine the
shape of the mode tails and on the prism spcaing.

The length required for complete coupling is given by

W

L= cnsﬂm

For a given length, the coupling coefficient required for complete coupling is thus given by

W. wang



Fiber to fiber connection loss

The loss in optical power through a connection is defined similarly to that of
signal attenuation through a fiber. Optical loss is also a log relationship. The
loss in optical power through a connection is defined as:

F-
loss = 10 log 4, P1

(8]

W. wang



Fiber to fiber connection loss

Intrinsic coupling losses are limited by reducing fiber
mismatches between the connected fibers. This 1s done by
procuring only fibers that meet stringent geometrical and
optical specifications. Extrinsic coupling losses are limited by
following proper connection procedures.

W. wang



