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ABSTRACT

Wavelength Division Multiplexing is past the basic research stage and requires the attention
of the optic fiber communication engineering field for its three main advantage : it increases fiber
capacity without incurring extra installation costs, its allows for flexible expansion of systems and it
provides an evolutionary path for future services no an existing network . In the wavelength division
multiplexing approach , each data source (or group of source ) is assigned wavelength of
transmission. Because of optical mixer complexities, only two wavelengths can be multiplexed
presently. However , each wavelength carrier can be used with any- of the previous multiplexing
schemes. In this way , the data - carrying capacity can be increased many fold. There is little
interference between multiplexed input. The total optical power transmitted is increased as the
number of data sources increases. This presents problems saturation at receiving optical detector. The
different light wavelength are separated before the optical detector by the optical filter. Each
wavelength is fed in to a different detector.
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WDM

Wavelength Division Multipiexing Transmission System

FEATURES

 Wavelength stabilized

« Externally modulated transmitter
* Expandable capacity : 20G / 40G

SPECIFICATIONS
Capacity

8 channels

1550.92 Channel 3
1551.72 Channel 4

* Cesign and specifications are subject ta change without notce.

ELECTRONICS

SAMSUNG ELECTRONICS CO..LTD.

7th Fi. Samsung Main Bdg. 250, 2-Ka, Taepyung-fo,
Chung-ku, Seoul, KBrea 100-742

Tel: +82-2-726-3851-5 Fax: +82-2-726-3809 / 753-3037
Internet Homepage : http/: gelectronics.com

|
|
|

Qistributed by:
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Refiection and Refraction
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Index of Refraction

n = Index of refraction C
C = Velacity of light in free space n= —/—
V = Velacity of light in a specific medium 4
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Wavelengih vs. Atienuation
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This lens type has a negative focal length. diverges cellimated
incident light. and forms only virtual images which are seen through

the lens. It is often used to expand light beams or to increase focal
lengths in existing systems.

The plano-concave lens offers very nearly minimum spherical
aberration at negative-infinite or near-infinite conjugate ratos, with
the concave surface facing the longest conjugate distance. A
collimated beam incident on the curved surfuce will be transformed
into a divergent beam emergent from the plane surface. The divergent
beam will appear to emerge from a smaller (more nearly diffraction-
limited) virtual point source than if the plane surface had faced
toward the collimated beam.

Reversing the rays in the above description. a convergent beam
is transformed with least additional spherical aberration into a
collimated beam if the convergent beam is incident on the plane
surface. The word “additional™ is used. as the convergent beam
may already contain spherical aberration and. depending on its
sign, the plano-concave lens may either increase or decrease the
total for a lens combination. Thus. in some applications. the opposite
orientation of an element may reduce the overail aberration of a lens
combination.

A variety of single and multilayer antireflection coatings is avail-
able for these lenses. as described in Chapter 3. Optical Coatings.
When a reflective coating is deposited on the concave lens surface
an excellent concave mirror is formed. A variety of retlective and
partially reflective coatings will also be found in the coating suflix
system.

Diameters of all lenses may be reduced (“edged”)
by us to meet your requirements.

Plano-Concave
Glass Lenses
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SPECIFICATIONS: PLANO-CONCAVE GLASS LENSES
Paraxial Focal Length (f): £2%

Design Wavelength (A;): 546.1 nm

Design Index (n,): 1.5187x0.001

Centration: 3 arc minutes

Diameter (¢): +0. =0.15 mm
Clear Aperture Diameter (D): D=0 —-2A
Nominal Flat Annulus Width (4): +0%.. =70%
A=0.2 mm for ¢ €40 mm
A=0.4mm for ¢ > 40 mm
Center Thickness (t.): =0.2mm
Material: BK 7. grade A fine annealed
Surface Quality: Pitch polished. 60—0 scratch-dig
Circumterence and flat annulus are ground. and both edges have
a slight protective bevel.

Plano-concave lenses can be used as spherical concave reflectors
by coating the concave surface with a reflective coating. ;
The relationship between the mirror focal length and radiusis f = 24
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These high-precision right-angle prisms were designed with the
more demanding applications in mind. We offer these prisms in
either UV grade synthetic fused silica or BK 7 glass. Our manufac-
turing process is closely monitored to guarantee a very tight surface
flatness specification. For our BK 7 prisms. even wavefront
distortion is controlled to u high degree.

The UV grade synthetic fused silica right-angle prism combines
the mounting and acoustic isolation advantages of a prism with
excellent transmission in the ultraviolet. But because the index of
synthetic fused silica is somewhate lower than that of BK 7, the
critical angle for TIR is greater (thereby reducing the TIR field
acceptance limits). For larger field angles or non-collimated beams.
the hypotenuse face can be coated with any of the metallic reflec-
tive coatings. (Silver is not recommended for UV applications.)
Prisms both with and without aluminized hypotenuse faces are
listed below. The aluminized hypotenuse is protected by a coating
of black paint which is acetone-soluble, and can be easily removed
if desired.

Very high prism transmission can be achieved by using the
hypotenuse face in total internal reflection (TIR). and by anti-
reflection coating the entrance and exit faces. Antireflection coatings
are discussed in Chapter 5, Optical Coatings.

All right-angle prisms listed have entrance and exit faces of
identical size and shape: A=B=C in the figure. Triangular faces
are fine ground, and all edges are slightly beveled.

SPECIFICATIONS:
HIGH-PRECISION RIGHT-ANGLE GLASS PRISMS

Dimensions: =0.10 mm
Surface Flatness:

N10 at 632.8 nm over 90% of edge dimension
Wavefront Distortion:

N8 at 632.8 nm over Y0% of'edge dimension
Angle: * | arc minute
Material: BK 7, grade A fine annealed
Surface Quality: 20-10 scratch and dig
Bevel Width: 0.25 mm maximum

High-Precision
Right-Angle Prisms

High-Precision Right-Angle Glass Prisms
PRODUCT NUMBER

A=B=C Unaluminized Aluminized
(mm) Hypotenuse Hypotenuse
3.2 01 PRB0OI 01 PRC 001
5.0 01 PRB 003 01 FRC 003
10.0 01 PRB 009 01 PRC 009
12.7 01 PRBO!] 01 PRCOI11
20.0 . 01 PRBO0I19 01 PRCOI19
254 01 PRB021] 01 PRC 021
38.1 01 PRB 027 01 PRC 027

For coutings append Coating Suffix from the previous page and specify fuces
10 be coared.

SPECIFICATIONS:
HIGH-PRECISION RIGHT-ANGLE FUSED SILICA PRISMS

Dimensions: +0.15mm

Surface Flatness:
N4 at 632.8 nm over 90% of edge dimension

Angle: *30 arc seconds
Material: UV grade synthetic fused silica
Surface Quality: 6040 scratch and dig

Bevel Width: 0.15 mm maximum

High-Precision Right-Angle Fused Silica Prisms

PRODUCT NUNMBER
A=B=C Unaluminized Aluminized
(mm) Hypotenuse Hypotenuse
10.0 01 PQB 000 01 PQA 000
1237 01 PQB 001 01 PQA 001
25.4 01 PQB 002 01 PQA 002

For coatings uppend Coating Suffix from the previous page and \pecitv fuces
to he coated.

For a complete listing of antireflection and reflective coatings see Chapter 5, Optical Coatings.




Dove prisms are used as image rotators in a variety of opto-
mechanical systems. As the prism is rotated, the image passing
through will rotate at twice the angular rate of the prism. Light
entering the dove prism must be parallel or collimated, because
the length of the prism is typically four or five times the height
of the prisms or the dimension A. The hypotenuse face of a
dove prism is the face of the largest area. Normally the dove
prism is used in the total internal reflection (TIR) mode, with
the hypotenuse face unaluminized. Cleanliness of this face is
important. ¥

The useful aperture of a dove prism can be conveniently doubled
by aluminizing or silvering the hypotenuse face of two identical
prisms. and subsequently cementing these faces together. The length
of the combination is the same as for a single prism. Overall trans-
mission is slightly reduced by the substitution of the metallic
reflecting film for the usual TIR surface.

Either bare aluminuin or internal silver may be coated on these
prisms on a special request basis. When this is done, the coatings
are protected by an overcoating of black lacquer.

The clear aperture of these prisms is square and is given by 90%
of the dimension A in the figure. Single layer AR coatings and
broadband HEBBAR™ antireflection coatings are available for
the entrance/exit faces on special request. For HEBBAR coating,
please use the /079 coating suffix. For V-coatings please specify
both the wavelength and polarization required.
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Dove Prisms

SPECIFICATIONS: DOVE PRISMS

Dimensions: *0.15 mm
Design Index: [.5168
Design Wavelength: 587.6 nin

Surface Flatness:
N2 at 632.8 nm over 90% of edge dimension

Angles: *3arcmin
Material: BK 7. grade A fine annealed
Surface Quality: 60-40 scratch and dig

Coatings: - See text at left

Sides are fine ground. All edges are lightly beveled.

Unaluminized Dove Prisms (TIR)

A B c* PRODUCT
(mm) (mm) (mm) NUMBER
1.2 1.7 5.07 01 PDE 401
2.0 2.8 8.45 01 PDE 403
25 3.5 10.56 01 PDE 405
3.6 5 15.22 01 PDE 407
6.0 8.5 25:37 01 PDE 409
10.0 14.1 42.28 01 PDE 001
15.0 2102 63.41 01 PDE 003
20.0 28.3 84.55 01 PDE 005

*To theoretical sharp edges (unbeveled).

Precision Prism and Beamsplitter tables are available

for mounting and aligning your setups.

(See Chapter 27, Optical Component Holders).




Equilateral prisms are used as dispersing elements in instruments
and experiments requiring wavelength separation. While prism

dispersion (output ray direction versus wavelength) is nonlinear.,
spectral brightness is superior to that of diffraction gratings. and
there is no possibility of confusion from overlapping spectral orders.
The 60-degree angles between the rectangular faces result in a good
compromise between dispersion and reflection losses.

A light ray is twice refracted in passing through the prism with
total deviation denoted by 6, in the figure. Deviation is a function
of refractive index. and hence of wavelength. Angular dispersion
(A8y) is the difference in deviation for light rays having different
wavelengths. This difference varies with prism orientation. The
F (blue) and C (red) lines of the atomic hydrogen spectrum are
frequently used to define angular dispersion. It is desirable to have
large angular dispersions. as this leads to high instrumental spectral
resolution at fixed slit width.

Reflection losses are. for an unpolarized ray of some particular
wavelength, minimized for the condition known as minimum
deviation. in which the ray travels parallel to the base of the prism
while passing through it. This is also the condition in which the
angular dispersion of the prism for nearby wavelengths is most
nearly linear. In this condition wavelengths of unknown spectrum
lines can be approximated by linear interpolation between closely

Equilateral
Dispersing Prisms

spaced lines of known wavelength. Externally. the minimum
deviation condition is identified by the fact that. for the ray and
wavelength of concern. the angle of incidence at the entrance surfuce
is equal to the angle of emergence (both angles measured with
respect to the surface normals) at the exit surface.

We otter equilateral dispersing prisms of two materials, crown
(BK 7) and flint (F 2). BK 7 is the more durable material and has
superior transmission (both internally and at the surfaces). F 2
flint offers superior dispersion. but is somewhat more fragile and
sensitive to staining. Antireflection coatings can be applied to all
surfaces. serving both to protect from staining and improve trans-
mission. Such coatings also reduce polarization at the prism surfaces
by increasing the total transmittance. For more information on
these materials, refer to the Optical Materials chapter in the front
of the catalog.

SPECIFICATIONS: EQUILATERAL DISPERSING PRISMS

N
. 0, Aby
~ 5% G|
: B S T g U
- i T [ "y red
white T T S orange
light of=: :» yellow
\.\‘ green
\: blue
violet
01 PEH ./ PES

Dimensions: 0.2 mm
Surface Flatness: N2 at 346.1 nm over 90% of edge dimension
Angles: *3arcmin
Materials
Crown: BK 7, grade A fine annealed
Flint: F 2. grude A fine annealed
Surface Quality: 60—0 scratch and dig
Coatings:
Single layer MgF, (/066) or HEBBAR™ (/078).
by appending the appropriate Coating Suffix

Equilateral Dispersing Prisms

Edge:

Dimensions PRODUCT NUMBER
(mm) BK 7 (Crown) F 2 (Flint)
25.0 01 PES 001 01 PEH 010
30.0 01 PES 003 01 PEHOI1
40.0 01 PES 005 01 PEHOI3
45.0 01 PES 007 01 PEH OIS
50.0 01 PES 009 01 PEHO!7
60.0 01 PESO11 01 PEH 019




Cube beamsplitters have several advantages over plate beam-
splitters and are widely used for a variety of reasons. These are
rugged beamsplitters which are easy to mount and are ideal for

beam superposition applications. This type of beamsplitter deforms
much less when sukjected to mechanical stress than does a plate
beamsplitter. Most of the unwanted reflections from a cube beam-
splitter are in the retro direction and do not contribute to ghost
images. The coating is very resistant to degradation with time since
it is sealed within the body of the cube.

[ cube beamsplitters are used in convergent or divergent portions

of ar: optical beam. they will contribute substantial amounts of

unwanted spherical aberration. This can be avoided or minimized
by only using these components with collimated. or nearly colli-
mated. beams. Conjugate distances which include cubes therefore.
should be long. Alternately. other elements of the svstem can be
designed to compensate for any aberrations introduced by the cube
in a non-collimated beam.

Cube beamsplitters consist of matched pairs of identical right-
angle prisms. with their hypotenuse lices cemented together. Prior
to cementing. a partial reflection film is deposited onto one of the
hypotenuse faces. The prism which is coated is marked with a small
doton one of the ground faces. For best results. the incident beam
should be on one of the faces of this prism.

We currently offer five types of cube beamsplitter. classified by
the naturs and performance of the partial reflection coating used.
These are metal diclectric hybrid. broadband all-dielectric, laser-
line non-polarizing all-diclectric. laser line polarizing and broad-
band polarizing. The latter two types are are listed in Chapter 12.
Polarization Components.

Each of the coating types has its particular merits and limitations,
s0 your selection should depend on the intended application.

HYBRID PARTIAL REFLECTION COATINGS

Hybrid. metal-diclectric coatings combine the benelits of both
metals and dielectrics to produce a moderate absorption beamsplitter
with little polarization sensitivity. Typically. absorption is about 107
(20% for UV cube beamsplitters). while retlection and transmission
are both approximaely 45%, with the s-and p-polarized components
within 1074 of cach other. The broadband spectral flatness of these
beamsplitters makes them ideal for wavelength scanning instruments.

Another advantage of these hvbrid coatings is that they are
fairly insensitive to changes in the angle of incidence, Although

j

'Cube Beamsplitters

the cube beamsplitter configuration usually causes the angle of
incidence to be 45°, this angular invariance in the performance has
the advantage of making these beamsplitters chromatically neutral
for convergent or divergent beams.

Melles Griot hybrid coatings cover the visible spectrum
(400-700 nm). ultraviolet (240-400 nm). and near-infrared
(700-1100 nm) for diode laser use. Longer or shorter wavelength
versicns of this coating are not possible due to material limitations.

BROADBAND PARTIAL REFLECTION COATINGS

Broadband partial reflection coatings provide a high degree of
efficiency. There is negligible absorption in the coating, and the
reflected and transmitted components have almost equal intensity
over a broadband wavelength range, when averaged over p- and
s-polarizations. However, they are extremely polarization sensi-
tive, with the s- and p-components differing by as much as 70%%.
Great care should therefore be taken when using these broadband
beamsplitters to consider polarization implications for the optical
system into which they are to be integrated.

Melles Griot offers broadband partial reflection coatings for the
visible spectrum (450-650 nm). ultraviolet (250440 nm), near-
infrared laser diodes (650-900 nm). neodymium laser region
(9001300 nm). and telecommunications diode lasers (1300-1600 nm).

LASER-LINE NON-POLARIZING COATINGS

This range of cube beamsplitter coatings is intended for those
applications where polarization effects must be kept to an absolute
minimum. Unlike the hybrid coatings. these dielectric coatings are
designed for high performance at specific wavelengths, where they
easily exceed the performance of any other available cube beam-
splitters. Being totally dielectric, they have negligible absorption.

At the design wavelength. each of these beamsplitters reflect 50
* 5% ofincident light. The s- and p-components of the reflected
(and therefore transmitted) beam differ by less than 3%. (i.e., each
is within £ 3% of the average polarization performance).

The current range of these beamsplitters covers four important
laser wavelengths: these are 632.8, 670. 780. 830 nm. Other wave-
lengths and sizes can be accommodated on special request.



Hybrid Cube
. Beamsplitters

SPECIFICATIONS: SPECIFICATIONS:

VISIBLE AND NEAR-IR HYBRID CUBE BEAMSPLITTERS UV HYBRID CUBE BEAMSPLITTERS
Dimensions: *0.3 mm Dimensions: =0.3 mm

Material: BK 7. grade A line annealed Material: UV grade synthetic fused silica

Face Flatness: N2 per clear aperture at 346.1 nm Face Flatness: N4 per clear aperture at 632.8 nm
Transmission:

43 + 6% for 280—00 nm wavelength range

38 = 6% for 250-280 nm wavelength range

s- and p-components matched to within 3% for both ranges

Transmission: 45 £ 6% ( £ 3% variation with wavelength)
Absorption: <10%u

Transmitted Beam Deviation: <5 arc minutes

Coatings: All4 fuces HEBBAR™ antireflection coated

Surface Quality: 60-40 scratch and dig Absorption: <24%

Transmitted Beam Deviation: <5 arc minutes
Coatings: s
All 4 fuces antireflection coated for <1% reflectance per

surface
) & f Surface Quality: 40-20 scratch and dig
S /// A -

c . «T

‘ AR AP - -— ANTIREFLECTION COATINGS

Lo A\ Ta—> LS . ; .

T TN -« All of our cube beamsplitters are antireflection
~A_ XD« 4 coated on all four faces to minimize ghost images
N

and reflection losses. They are normally supplied
with a multilayer HEBBAR™ antireflection coating.

There is no need to append a Coating Suffix.
03 BSC

Hybrid Cube Beamsplitters

PRODUCT NUMBER

Wavelength Range (nm)

A=B=C uv Visible Near-Infrare
(mm) 250400 400-700 700-1100
5.0 — 03 BSC 001 03 BSC 02:
10.0 — 03 BSC 003 03 BSC 02
12.7 03 BSC 055 03 BSC 005 03 BSC 02¢
20.0 — 03 BSC 007 _ 03 BSC 027
25.4 - 03 BSC 057 03 BSC 009 03 BSC 02
30.0 — 03 BSCO11 —
40.0 — 03 BSCO13 —

50.8 — 03 BSC 015 03 BSC 03.
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9 100 LASER BEAM COLLIMATION
Lz) 80 hybrid cube beamsplitter for 700-1100 nm
E A plane parallel plate, such as a plate or cube
= beamsplitter, will introduce spherical aberration into
2 i p-plane a converging or diverging beam. Thus, for optimum
E i performance, one should have excellent collimation
'; 40 E e going into these optics. For coherent visible sources,
r S this is most easily achieved through the use of a
E) Shear Plate Collimation Tester (page 57-25). These
o are simple to use devices which allow one to rapidly
700 800 900 1000 1100 assess the state of collimation through a simple

visual test.

Melles Griot also offers a range of polarizing cube beamsplitters which can be found in Chapter 12, Polarization
Components. The 03 PBS series of polarizing cube beamsplitters are designed for specific laser wavelengths, while

the 03 PBB series exhibit broadband performance.







These tables provide an easy means of mounting and adjusting
a variety of prisms or cube beamsplitters. The optic is placed on top
of the platform and held in position by a spring retainer. High
resolution tilt adjustment about two axes is provided by means of
the 0.5-mm-pitch (50-TPI) thumbscrews projecting from the under-
side of the platform. , and 6, tilt is = 3° in each axis.

Two sizes are offered to suit prisms and beamsplitters up to
25.4 or 50.8 mm in height. These items can be found beginning on
pages 10— and 11-8. ;

The smaller table is supplied with an 8-mm-diameter stainless steel
poét with an M4 thread and the larger table is supplied with a
12-mm-diameter post with an M6 thread. These prism/beamsplitter
tables are made of black anodized aluminum and chromed steel.

Post-Mounted Prism/Beamsplitter Tables

Maximum Prism Post
Height Diameter Post PRODUCT
(mm) (mm) Thread NUMBER
254 8 M4 07 TTM 001
50.8 12 M6 07 TTM 003

Post-Mounted Prism/
Beamsplitter Tables

PRODUCT B8

NUMBER A max C D ¢E F
07TTMO001__ 25 254 12 40 8 32
07TTMO003 70 508 20 6G_12_ 80




The MicroBlock™ alignment system has been developed to meet
general laboratory and fiber optic needs for multi-axis positioning
and alignment with submicron precision. Central to the system is the
three-axis MicroBlock stage itself, a compact X-Y-Z flexure-based
positioner featuring the UltraMike"™ differential micrometer drives
with graduated scales or UltraFine™ differential drives. both with
50 nm resolution. In addition, piezoelectric fine-motion controls
are available on all axes. The MicroBlock is ideal for use with single-
mode fibers. It is also available with simpler actuators appropriate
for use with less demanding multimode fiber systems (sce pages
36-6 through 8 for full details ).

The top-mounting platform of the MicroBlock can be adjusted
along the three orthogonal translational axes, X. Y, and Z. This
mounting platform has a nominal height of 62.5 mm and provides
a common optical axis height of 75 mm for a wide range of inter-
changeable accessories. These accessories include fiber mounts, lens
and gradient index lens mounts, rotators for polarization-preserving
fibers, thermoelectric-cooled diode laser mounts. microscope-
objective mounts, and simple V-grooves with magnetic clamps.
( These accessories are described in detail in Chapier 40 and are illus-
trated on page 34-11.)

A platform-bracket in the shape of an inverted L can be attached
to the side of the MicroBlock to provide a fixed platform adjacent
to the adjustable moving platform. either along the X optical axis
direction or transverse to it. This platform allows accessories to be
mounted at the optical axis height of 75 mm adjacent to accessories
being translated by the MicroBlock moving platform.

The MicroBlock™
Alignment System

Likewise. the MicroRoll"™ rotation stage attaches to the sides of
the MicroBlock. or it can be mounted independently. This allows
precise rotation of a platform relative to the MicroBlock platform
about the 75-mm-high optic axis. The MicroRoli can also be attached
to the MicroBlock platform to obtain a X-Y-Z-6x platform (see
pages 36-7 und 36=9 for full details ).

Several other stages and manipulators are available to support
and adjust components about the optical axis height of 75 mm.
These include fixed-height and Y-Z adjustable platforms ( see
page 36-14) and two waveguide manipulators incorporating 8y
and 6z motions in addition to Y and Z (see puges 36-12 and
36-13).

Various applications and assemblies arc demonstrated through-
out this chapter. and further possibilities are discussed in the systems
portfolio in Chapter 41. The range of possibilitics is demonstrated
by contrasting the two photographs on this page. In the top
photograph a MicroBlock is being used to launch a collimated
optical beam into a bare fiber (retained in position with two magnetic
clamps) using a microscope objective. In the photograph at the
bottom of the page two MicroBlocks are used in an end-fire coupling
system, designed to couple light into and out of integrated optical
and opto-electronic devices. In the basic end-fire system shown here.
microscope objectives are used to focus collimated light into and
out of a waveguide. The waveguide is mounted ona 17 AMT 001/D

four-axis manipulator ( see page 36-12 for details 1.
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Left-slab
waveguide

waveguide A

Central waveguide structure of multiplexer/demultiplexer device acts as a grating, separating asig-
nal into its component colors or combining signals for transmission. Right and left waveguide
arrays are for receiving constant-wavelength and constant-frequency demultiplexed signals,
respectively. On the right, the angle between channels is constant, reflecting the fact that the
diffraction angle varies linearly with wavelength. Spacing on the left varies and is designed to

satisfy the grating equation.

loss, good crosstalk rejection, and easy
integration with other optoelectronic
systems.

Sunny Bains

SUNNY BAINS is a technical journalist based in
Edinburgh, Scotland.
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Photorefractive crystal increases capacity

A potassium lithium tantalum niobate
(KLTN) crystal for electroholography
(EH) has been demonstrated by a multi-
university research group headed by
Aharon Agranat of Hebrew University
of Jerusalem (Jerusalem, Israel). The EH
process controls reconstruction of vol-
ume holograms by an electric field and
can form the basis of devices for very-
large-scale optical memory and artificial
neural networks, interconnection net-
works for massively parallel supercom-
puters, and spatial light modulation.
With KLTN crystal, stored holograms
do not fade, even when being read, and
are selected electrically, rather than
electro-optically, by merely changing
the voltage applied to the crystal.
Conventional photorefractive materi-
als used for optical data storage have
their index of refraction changed in
response to incident illumination. The
interference patterns between the refer-
ence and signal beams are transformed

into a space charge. The electric field
induced by the space charge modulates
the index of refraction. Thus the holo-
gram is stored as a space charge that
induces a spatially correlated modula-
tion in the refractive index.

Many inorganic photorefractive crys-
tals are ferroelectrics and have low lev-
els of symmetry. The electro-optic effect
in the space-charge modulation of the
refractive index in these crystals is lin-
ear. Agranat says that, with KLTN, “the
idea was to work with symmetrical
crystals in which the electro-optic effect
is quadratic. Such crystals are bad pho-
torefractives. However, if an external
electric field is applied to them the sym-
metry is broken; the field creates an
induced electric dipole in the direction
in which it is applied.” Thus with the
electric field turned on, the electro-optic
effect becomes essentially linear and the
crystal behaves as a common photore-
fractive. When the field is not present,

__Systeme.

Up to
60 watts of cw
diode-pumped
laser power.
£NOW!

. e-pumped solid-state
lasers from JENOPTIK Laser,
Optik, Systeme GmbH are not
only some of the most versatile
on the market. The new
generation of 60 watt
Nd:YAG lasers with side
pumping technology are ideal
for the widest range of
applications, including:
materials processing, laser
marking, micro machining and
research. Add to this optimum
beam quality, efficient
frequency doubling and stable
pulsed mode operations and
you have a powerful solution
that's as economical as

it is reliable.

Isn’t it time you saw the light?

JENOPTIK
Laser, Optik, Systeme GmbH
Goéschwitzer Str. 25
D-0774S Jena

JENOPTIK Group.
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Nbopechanical single-mode swat
m [solation typically 15 dB
W 2 msec switching time

2 o — T
m Core thickness from 2pm t0 20Czm

m Core-Clad index difference from .2% to 3%
m Substrate size up to 37, 47, or 5°

W Si, quartz or ceramic sudstrares

Custom Optical Circuits

In addition to the standard products
above, PIRI manufactures custom optical
circuits. PIRI can provide fast turn-
around of circuits from customer
designs, and we can assist in designing
with any of the circuit elements listed
below:

1 x n Optical Splitters

® Single-mode or multi-mode configurations
m Up to 32 outputs standard

m Wavelength and polarzation inGgegendent
m Custom spliting ratios available

m Polarization maintaining couplers

2 x n Optical Splitters Y-Junctions

W Intrinsic redundancy over | x n cesigns Directional couplers
m Up to 32 outputs standard Crosses '

m Wavelength and polarization ingegendent Straight sections

m Custom splitting ratios available Curves

M Polarization maintaining couplers Slots/Gaps in waveguides
Mach-Zehnder interferometers

Fan in/Fan out arrays

Wavelength Division Muitiplexers (WDM) il
m |.3pm/1.55um standard 45° mirrors
m Other multiplexing combinations available Wavelength plates

m Isolation >40 dB Polarizers

PIRI Circuit Features:
m Compact and rugged

WDM-Splitter Combinations

® | 3um/1.55pm standard

®m Qther multipiexing combinatons available
m Circuit designs to fit a variety of 2ogiications

m Polarization insensitive and maintaining
m High return loss; >50dB

m Operable from 40°C to +85°C

m Available with FC, SC, or ST connectors

| [solation >40 dB

Contact PIRI for special requirements

® Photonic Integration Research, Inc. 2727 Scioto Parkway Columbus, Ohio 43221-4658 USA
R Tel (614) 876-5655/F2x (614) 876-5726

e-mail: sales@piri.com Internet: http://www.piri.com

International Sales Offices:

Mitsubishi International GmbH
Dusseldorf, Germany
Tel: (0) 211-4397-318/ Fax: (0] 211-4397-458

A A Mitsubishi Internationadl Corporation Mitsudisni Corporation
New York, New York USA Tokyo. Jaoan
Tel: (212) 605-2602 / Fax (212} 605-1847 Tel- 03-3210-7328 / Fax: 03-3210-7557

For FREE Data Circle 90
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SRR ~ Soccialize in short run
- Very thin and Micro size

B - Calcite LiNb0, LiTa0,

B 0, Te0,, YIG,
PEWO, etc.

» X-ray orientation

» KIA, KIP, BBO,
(LBO, AqGaS,,
AqGaSe,, InGeP,
GaSe, (doped)LiNbO,,
Lil0,, LiTa0, KD*P.
KNbO,

» (e:Bali0,, Fe:LiNbO,

SBN, BSO, BGO,
Fe:KNbO,

» (alcite, YVO, YAG,
le0,, YIG, TGS,
Pbio0, PBWO,

» Boule, wafer, blank

(XXX YY)

LIGHTWARE INCs—

300 W. Mitchell Hammack Rd., Suite 8
Oviedo, Florida: 32765
IEL: 407-977-8080
FAX: 407-977-8006

E-MAIL: Iwi@ix.netcon.com
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B rities will tend to it ot :
- Lowest-order mode

copper and poly-
ethylene sheathing.

Attenuation losses

As light travels
through the fiber, it
is vital to minimize

absorption and
scattering so as to
maximize the spac-
ing between re-
peaters. Once im-
purities such as
transition metals
and hydroxyl (OH)
ions have been

FIGURE 1. Refractive index, n, varies sharply in step-index fibers (left),
while it changes gradually in graded-index fibers (right). Step-index fibers
have been replaced by graded-index fibers in which the index variation
compensates for path-length differences of rays on and off the axis.

equal to only about four wavelengths of
light, the fiber will support only a single
mode, eliminating multimode disper-
sion entirely. On the one hand, such sin-
gle-mode fibers, now universally used
for long-distance communications, can
theoretically support bandwidths in
excess of 1000 GHz/km. On the other
hand, the tiny diameter of the fiber
means that less light can be coupled into
it, and coupling tolerances are extreme-
ly tight.

The cores of optical fibers are made of
ordinary glass, or silica, which is pro-
duced with extremely low impurity lev-
els, because impu-

essentially elimi-
nated, two basic
processes  limit
transparency. One
is Rayleigh scatter-
ing off the disordered lattice structure
that is characteristic of all glass. Rayleigh
scattering, responsible for the blue color
of the sky, drops steeply as the inverse
fourth power of the wavelength. How-
ever, at wavelengths beyond 1.6 pm,
infrared radiation can be coupled into
the absorption band of the silica itself,
producing band-edge absorption, which
rises steeply with increasing wave-
length. Another smaller intrinsic absorp-
tion line produces a bump near 1400 nm.
The net result is that there are two mini-
mum-absorption wavelength bands—a
narrow one around 1300 nm and a

scatter and absorb
light. The sur-
rounding clad-
ding, typically flu-
orine-doped and
125 pm in diame-
ter for both multi-
and single-mode
fibers, is in turn
surrounded by
strengthening
materials, either
Kevlar or nylon,
and the fibers are
bound together

SB ot e o 20 T O SRN WS (=r C SORIE L% Ly

into a cable rein-
forced by steel
strands. All this
material is general-
ly protected by

FIGURE 2. In a multimode silica fiber, more than 1000 modes of 4
electromagnetic oscillation can be supported, each with slightly different
velocities, which are represented by different transverse electric fields.
(For simplicity, only the lowest-order mode and first set of higher-order
modes are illustrated, showing the electric-field oscillation directions.)
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SHG ring
cavity

WAVETRAIL

is a compact ring caviry for
second harmonic generation
of single mode radiation from
dye, Ti:Sa, Ar” or diode lasers.

With the new version
WAVETRAIN “ High Efficiency
you benefit from more than
10% SHG efficiency throughout
the entire range of Ti:Sa lasers.
Power enhancements up to 100
and efficiencies up to 18% were
observed in this application.

MOREOVER: WAVETRAIN ¥
facilitates the adjustment
of your single mode cw
laser considerably.
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LASER ANALYTICAL SYSTEMS
3333 BOWERS AVENUE,.SUITE 130
SANTA CLARA CALIFORNIA 95054
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beam undergoes multiple reflections
from the filter input faces, and, at each
reflection, one wavelength is removed.
For multiplexing operations, the process
is simply reversed—input from the indi-
vidual channels enters the filter block
and propagates through to the common
fiber. The design also can be extended

mon collimator alignment using an opti-
cal spectrum analyzer (Hewlett-Packard,
Santa Rosa, CA), in conjunction with a
computer-controlled wavemeter and a
tunable laser. The filters are typically
assembled to provide wavelength accu-
racies of less than 50 pm.

As channel numbers increase and
DWDM systems

are applied to

Optical
fiber

\
/

MicroPlasma fa
filters

applications closer
to local access, new
requirements will
arise. For lower-
density, short-haul
traffic, all-optical
passive multiplex-
ing provides a sim-
ple, reliable, and
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economical
method for direct-

FIGURE 3. In 16-channel multiplexer, like this four-channel design,
collimated light at a slight angle from the normal enters the filter block,
where it undergoes multiple reflections from the filter input faces. At
each reflection, one wavelength is removed. The approach eliminates
cumulative insertion loss experienced by conventional designs.

to 32 channels, and 50-CHz channel
spacings are realizable.

An advantage of this approach is that
collimators are used only when the sig-
nal propagates through a filter, climi-
nating the cumulative effect of insertion
loss experienced by the cascaded three-
port designs. [n addition, the total num-
ber of collimator assemblies is reduced,
which decreases material costs as well
as alignment costs. Finally, all channels
have nearly the same low insertion loss
as well as low insertion-loss variation
with temperature.

Five-axis, micrometer-based cquip-
ment aligns fibers and collimators to
displacement accuracies of less than
10 pm and angular accuracies of less
than 1 arcmin. By monitoring device
throughput with power meters, the
positions of the fiber are optimized to
minimize insertion losses. The total
budget for insertion loss in fiber-to-fiber
coupling for a wavelength division mul-
tiplexer is typically (.5 dB, or about 90%
transmission.

Interterence filters are angle-sensitive,
so the angle of the filter or filter block is
critical to device performance. This is
determined by measuring the center
wavelength of the filter during the com-

ing lower speed
channels, rather
than electronically
demultiplexing
low speed chan-
nels onto a high-
speed channel using time division mul-
tiplexing techniques. By turning to
WDM technology and incorporating
photonic devices more deeply into
telecommunications networks, the tera-
hertz potential of fiberoptic systems
may finallv be realized. |

REFERENCE

1. MicroPlasma, US Pat. #5,525,199, Low pressure
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Bulk reprints of all Laser Focus World
articles can be ordered trom Sharon
MacLeod, reprints manager, at (603)
891-9224 or FAX (603) 891-0574.
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er aperture, 50-urad range of mation,
ind 1000-rad /s? acceleration. The mirror
issembly measures 5 X 5 X 2.5 in., and
he drive electronics are on a 6U VME
>oard.

3all Aerospace

% Technologies Corp.,

Broomfield, CO
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Chillers

A wide selection of chillers are available
that are mountable in 19-in. racks. The
chillers have cooling capacities ranging
from 300 W to 4.5 kW. A range of circu-
lating pumps and safety interlocks are
offered. Deionized water circulation is
available as an option. Custom colors

The Complete
Nd:YAG LASER
OPTICS GUIDEBOOK

s

3353um

A
o

and sink-screening are offered for OEM
purchasers.

Bay Voltex Corp.,

Livermore, CA
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Multiplexer

The 1310/1625 WDM is a wavelength-
division multiplexer that provides isola-
tion of more than 20 dB between 1310
and 1625 nm. The device has a low
insertion loss of 0.3 dB. The WDM can
be used to monitor fiber-link integrity
without signal interference and can be
used with an optical time domain reflec-
tometer. The device is available in either
a standard miniature or a ruggedized
1 x 2 package.

Amphenol Fiber Optic Products,

Lisle, IL
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Filters

A line of interference filters for illumina-
tion are made using a sputter coating
process. Specific films are available for
separating heat and light (cold mirrors),
for UV blocking, and for color selection
and color conversion. Sputter-coated
films offer less color variation than
evaporated films because the cut-off
edges of the filters do not change with
system temperature. Applications
include use in specialty lighting and
luminaires for the film and theater
industry, discotheques, and the architec-
tural lighting industry.

Balzers Thin Films,

Liechtenstein
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Types of Fiber

Stranded

PVC Quter
Qverall PYC
k Ja.cket (Orange) Jacket (Yeilow)
e, ~ Fiberglass
721 S&ength Members Aramid Vi
‘g=A_ PVC Inner Strength Members
e Jacket (Yeilow)
Myiar Wrap

Ribbon Air Core PVC Jacket

COATED FIBER (DETAIL) Aramid Yam
L sieed L =75 Coating Central Member
e 3e- 3 & 250 um
sseegs
§33§'§. Cladding
o%n:ooi 9125 ym
eaes 3¢
2800 o0
1234567891011 Core
@ 8.3 um

Typical Values

; GHADEI MUUTMUDE
',ATIENUMTHM 1-3dBlknr

BANHWIDTH II.T—U.&GHz'km
oo (g




Bandwidih

® 400 MHz - km = a 400 MHz signal can
be transmitted for 1 km

* Lower frequencies can be transmiited
longer distances

* Higher frequencies, shorter distances

Where Is Fiber Used?

Telca Application




High Rates of Information
Copper vs. Fiber

Central Office

Bandwidih or
Volume of

Information
Central Office

Central Office

Notestooaucion

The higher bandwidth of fiber allows a higher bit rate and
consequently more voice channels per cable.

Medium Bit Rate =~ Voice Channels
Twisted Pair DS1 1.544 24
Coax DS3 44.736 672
Fiber OC-1 51.84 672
OC-3 15538 2016

OC-12 622.08 8064



Loss

e The decrease in power of a transmitted
signal over an optical path

e Measured in dB or dB/km

Central Office Central Office

Small Size, Light Weight

Central Office Central Office

2 COPPER PAIRS/T1
24 VOICE TRUNKS

Central Office

:m"—'gw~~w*-="“-~‘-*‘ Sasss g {1 3 j
2 FIBER 0C-12 e

8,064 VOICE TRUNKS



BEFORE LIGHTNING
COPPER _

syinroducion 0

Zopper conductors act as antennas either transmitting or receiving
energy. Electronic equipment can emit electromagnetic interference

"EMI) that disrupts other equipment. Fiber does not radiate or pick
1ip EML "
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Fiber Used?

Where Is

CATV or FiTL Application
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