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use by all Departments and Agencies of the Department of
Defense.

Beneficial comments (recommendations, additions, deletions)
and any pertlnent data which may be of use in 1mprov1ng this
document should be addressed to: Lommancer, Naval Sea

mamem e Themerd o Tl oems

CE'R lale & oV Bo) | 3R
Systems Command, SEA O3R42, 2531 Jefferson Davis Hwy.,

Arlington, VA 22242-5160 by using the Standardization
Document Improvement Proposal (DD Form 1426) appearing at the

end of this document or by letter.

This standard provides detailed information, guidelines,
procedures and requirencntc ror aeleﬂting fibar optic
components reguired for transmitting optical s;gna;s tnrougn

P vmemtten 2 v b $

o &+ h]
and between points in Navy command, control, communication

and telemetry systems. This standard identifies the
significant background consideration used to determine the
physical and performance requirements of the components and
the approaches to the procedures. The considerations involve
the relationship of the fiber optic components and the
surface ship and submarine environments. This knowledge will

give the designer assurance that the characteristics of the
systems he is designing will be compatible with the
components.
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1 Qrane Thic ctandard nrovides desian recuirements for
e A QJ\.—\JHC- bl A - WwldiivAtd i - ra.v‘ - N e e \.\—u*:c- a.w\, —— - - -
digital fiber optic systems having data transmission rates not greater

than 500 megabits per second (Mbps) installed aboard Navy surface
ships and submarlnes. The proper application of component
specifications and other fiber optic standards is addressed herein, as
are detailed methods for calculating system design parameters, with
examples. This standard concentrates on the design of a simple

digital fiber optic link. It does not address most general systenm
design issues such as the terminal equipment design (except for some
wbreyon 4 e At rers smsmemgmdrana 3 vade ) Eha ecvetram SAannlacy anAd +he nhveilral
pilydical UesSiIyil Cuiioviaalivog g, LT OSYSLTU LUPLULUVYY Qi “uc piigyossevaa
design of the fiber optic cable plant. It is assumed that these
decisions have been made and the information is used as input to the

link design process. Furthermore, this document does not address the
design of analog links, links using step index fiber and complex fiber
optic links containing nonlinear fiber optic components such as fiber

amplifiers.

- -~ - Y S L 2y .. P o Dl mvee e mree o aa e e & cem deba~ AR Aamsiwmavads

4.2 AppllCabDiijlby. iN€ QesSign reguiremenes in uwiis avluuene
mrvnler S ATt mnA et ame A armarcst €3 ecehirme whan 1nvaked hu +he
uyrl;} i\ cgu;yucu\. Qild DID»GJHD il Dycv&&a—\— Siid po WAl b FPOSEASF 9 — - a7 —h b
governing ship specification, system specification, or other
contractual document. They are intended for new systems using fiber

optics or the conversion or alteration of existing systems to use
fiber optics. Where there is a conflict between this document and the
ship specification or contract, the ship specification or contract
shall take precedence. Where ship design or system performance
requirements are such that the methods herein cannot be implemente

______ = =" % sl 2 o pu— AL = o P U . ST A mea Y €3 o e e onde oo on

usSers snaill su 1T neéew metnDQS TLO o mmdnuer, Navail ota Dyb\_emb

A Avmm e oA a9 YL msmmmm Nasrs e Iere AT 3t an VAR DOD2LV02=L1L&0N Addtne
\J. “‘.u’ &JdJId VELILELODUVII VaAavieo ‘l", . g b A dil NI, VA L&l o d U &3\ Wi

SEA 06K31 for approval.

1.3 General. This standard describes the methodology that is
required for designing digital fiber optic transmission links with
capacities up to approximately 500 Megabaud (Mbaud) which use either
single mode or graded index multimode optical fiber and either a light
emitting diode (LED) or laser source. This document concentrates on

transmission wave;engtns in the first and second transmission windows
1 OEAN cmemad TDAA oo mem I fomwm \ A M tomfmemmadinm wmair o amelimabkbhla €A
\C2V ailud 1LoUuUV lldllumebﬂlb {1 ) J - dile L1l iialilivll ay e appliavice Luvl
linke Anera+ing hatwaan 700 and 1600 nm Hawaver comnonent

e o B AN o vy‘—&u\-&llg Bl V¥ bk fF vV Sk B AN E S A T 4 b Al o SIS W o ¥ v N T BAL P b B B e B B
specifications are normally provided in the 850 and 1300 nm windows
only. The types of transmitters, fiber, and receivers available for

use in links are addressed as well as the performance characteristics
of any passive components within the link. In many cases, the link
design will be an iterative process in which various trade-offs
between system components are evaluated. For each link being
designed, a unique design solution may not exist. Several solutions

L]
4
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2. APPLICABLE DOCUMENTS

2.1 Government documents.
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2.
specxfica 1ons, sta ndar s and dbooks form a part of this document
to the extent specified herelﬁ. Unless otherwise specified, the
issues of these documents are those listed in the issue of the
Department of Defense Index of Specifications and Standards (DODISS)

and supplement thereto, cited in the solicitation (see 6.2).

SPECIFICATIONS
MILITARY

MIL-C-24621 - Couplers, Passive, Fiber Optic,
General Specification For (Metric).

MIL-S-24623 - Splice, Fiber Optic Cable, General
Specification For.

MIL-S-24623/4 -~ Splice, Fiber Optic, Housing,
Fiber.

MIL-S-24623/5 - Splice, Fiber Optic, Cable,
Housing.

MIL-R=-24720 - Receiver, Digital, Fiber Optic,
Shipboard (Metric) General
§nec1f1catlon For.

MIL-T=-24721 - Transmltters, Light Signal,
Digital, Fiber Optic, Shipboard
(Metric) General Specification For.

MIL-5-24725 - Switches, Fiber Optic, Shipboard,
(Metric), General Specification
ror.

MIL-S-24725/1 - Switch, Fiber Optic, Shipboard,
Electrlcal Nonlatching; Bypass,
Multimode Cable, Stand-Alone
(Metric).

MIL-I-24728 - Interconnection Box, Fiber Optic,
Metric, General Specification For.

MIL-C-28840C - Connectors, Electrical, Circular,
Threaded, High Density, High Shock,

----- ss D General

au;puuasu, Class D Gen

Specification For.
MIL-C-28876 - Connectors, Fiber Optic,; Circul
Plug and Receptacle Style, Multi
Removable Termini, General
Specification For.
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o e AA: ’3 =

L2 4 ~ /9
IL-C-85045/13 -

wr

MIL-C-85045/14 -

MIL-C-85045/15 -

MIL-C-85045/16 -

MIL-C-85045/17 =~

Fiber Optical, (Metric), General
Specification For.
Fiber, thic@l, 62.5/125

Mlcrometer Radjiation Bardened
(Metric).

Fiber, Optical, Single-Mode,
Dispersion Unshifted, Radiation
Hardened (Metricj.

Connectors, Fiber Optic, Single
Terminus, General Specification
For

Connector, Fiber Optic, Single
Terminus, Plug, Adapter Style, 2.5
Millimeters Bayonet Coupling,
Epoxy .
Connector, Fiber uptlc, Single

T 3swma

Terminus, Adapter, 2.5 Millimeter

Bayonet Coupling, Bulkhead Panel
Mount.

Connector Fiber Optic, Single
Terminus, Adapter, 2.5 Millimeter
Bayonet Coupling PC Mount.
Cables, Fiber Optlcs, (Metric),

General Specification For.
T
i

Class SM and MM, (Metric).

Cable, Fiber Optic, One Fiber,
Cable Configuration Type B
(Pigtail), Loose Tube, Cable Class
MM or SM, (Metric).

Cable, Fiber Optic, Four Fibers,
Cable Configuration Type 2 {QOFCC),
hhn'l ication R {Shinbnard\ Cable

Class SM and MK, (Metric)

Cable, Fiber Optic, One Fiber,
Cable Configuration Type 2
(Pigtail), Tight Buffered, Cable
Class SM or MM, (Metric).

Cable, Flber Optic, Cross-Linked

| TP, eV o NI acmad s o

Eight Fibers, Cable Configuration
Type 2 {OFCC), Application B
{Shipboard), Cable Class SM and MM,
(Metric).
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MILITARY - (Continued)

MII,-C-85045/18 - Cable, Fiber Optic, Cross-Linked
Four Fibers, Cable Configuration
Type 2 (Pigtail), Appllcatlon B
(Shlpboard), Cable Class SM and MM,
(Metric).

STANDARDS
FEDERAL
FED-STD-1037 - Telecommunication: Glossary of

Telecommunication Terms.

MILITARY
DOD-STD=-2196 - Glossary, Fiber Optics.
MIL-STD-2042 - Fiber Optic Topology Imstallation
CtamAmerd MaoadrhAate BEAa» Navwral Chyyneo
e LAQlIIWAGL W DT LiIVUO W NA VAL Cildpo
(Equipment) .
MIL-STD~-2042/5 - Fiber Optic Topology Installation
Standard Methods For Naval Ships
(Connectors and Interconnections).
MIL-STD-2051 - Fiber Optic Shipboard Cabile
Marmalmmrrry Nacs~rm CéarmAard
LA Y MTO AMil CTvQliuQai v,
HANDBOOKS
MILITARY
MIL-HDBK-217 - Reliability Prediction of
Electronic Equipment.
LYV Y e a Al . _f Ot _ 8 __ 4 _ .3 e 2 el £V T aend et Ve eane
(Viliess Oue i€ 1naicalveu, Coupie VUl le€uTial alid mililvalry
vt €3 mad s Aarme Pl el el bl T avmAd Ramdkl~aalre ara atralslahla fram +he
O dde bl wdWibD, P WAilivdGd i, CRidNd MAQRAIIINAMW IO CAdh S A Vb didd S & Wi L 1=
Standardization Documents Order Desk, Building 4D, 700 Robbins Avenue,
Philadelphia, PA 19111-5094.)

2.2 Nop-Government publications. The following documents form a

part of this document to the extent specified herein. Unless
otherwise specified, the issues of the documents which are DOD adopted

are those listed in the issue of the DODISS cited in the solicitation.
Tim Y Aamm mdlemecrrs mo ~smame €3 .o delom Smmiemm amE b Asmmttmarndes mad 1Tiabkbald 3w
ViiaEDD JvliiTtlLWwWADE DdDppTCililLliEu, LIIE ADDdDuUucTdD UL LT UULUUICIIVLED 1IVLE J4DVEU a4l
+the DNANTCE ara +ha icenne Af +ha Anamimante ~itald in the enlicitatinn
hd - & I A e Cud b de S whder P aF P N A -l i WA Wt AN d 3 T e S e Nl -l A S S NS e e N e W W A
(see 6.2).
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ETA/TIA-455-34

EIA/TIA-455-46

455~

w
(@]

EIA/TIA-

F 23 Y

EIA/TIA-455-51

EIX/TIR-455-

EIA/TIA-455-168~

tq

IA/TIA-455-177~

TIA-455-180-

I

IA/TI

EIA-458-4

EIA/TIA-526-11

Freauencv Domain Measurement of
Multimode Optical Fiber Information
Transmission Capacity.
Interconnection Device Insertion

Loss Test.

Lenath Graded -Index ontlcal Flber
Spectral Attenuation Measurements.
Pulse Distortion Measurement of
Multimode Glass Optical Fiber
Information Transmission Capac1ty

Mode Scrambler xequlremen‘cs for

Overfilled Launching Conditions to
Multimode Fibers.

Spectral Characterization of LEDs.
Sbectral Characterization of

Multimode Laser Diodes.

Chromatic Dispersion Measurement of
Multimode Graded-Index and Single-
Mode Optical Fibers by Spectrai

o av

Group ue.Lay Measurement in the

Proewma & w

LIVIC Ll e

me

-3
’-‘Ic

Nunmerical Aperture Measurement of
Graded-Index Optical Fibers

Measurement of the Optical Transfer
Coefficients of a Passive Branching
Device (Coupler).

Standard Optical Waveguide Fiber
Material Classes and Preferred

Optical Eye Pattern Measurement
Procedure.

Measurement of Dispersion Power
Penalty in Digital Single-Mode
Systems.

Measurement of Single-Reflection
Power Penalty for Fiber Optic
Terminal Equipment.

(o)}
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EIA/TIA-526-14 - Optical Power Loss Measurements of
Installed Multimode Fiber Cable
Plant.
EIA/TIA-526-16 - Jitter Transfer Function
Measurement.
EIA/TIA-526-17 - Output Jitter Measurement.
EIA/TIA-526-18 - Systematic Jitter Generation
Measurement.
(Application for copies should be addressed to the EIA/TIA,
Engineering Department, 2001 Pennsylvania Avenue, Washington, DC

20006.)

(N9n-Government standards and other publlcatlons are normally

P I P

1
ts. These documents also may be available in or through
es ther informational services. )

1

2.3 QOrder of precedence. In the event of conflict between the
text of this document and the references cited herein, the text of
this document takes precedence. Nothing in this document, however,
shall supersede applicable laws and regulations unless a specific

exemption has been obtained.
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3. DEFINITIONS

3.1 General fiber optics terms. Definitions for the fiber optic
fprmq nsed in this gtgndgrd are in accordance with EIA-440-A Fiber

Telecommunications Terms. Definitions for other terms as they are
used in this standard are given in the following paragraphs.

3.1.1 Cable transient loss. The difference between the total
cable attenuation for an overfilled launch (EIA/TIA-455-84) and the
total cable attenuation for 2 restricted launch (EIA/TIA-455-50) along
the length of the cable.

3.1.2 Failure rate. The expected number of failures of a
component or link in a given time period. The fallure rate 1s
represented by A.

3. iber exit bandwidt The value numerically equal to the

1.3
lowest frecuency at which the maag;tggg of the modulation transfer

- = LR Lo 2

function of the combination of the optical source and optical fiber
decreases to one-half of the zerco freguency value.

3.1.4 Fiber optic cable plant (FOCP) . The fiber optic cable
nt is the po*tlon of the fiber optic topology made up of the trunkx

— - - e o o ~p o~ -

b WP - -
€S alliu 41 ILCLL-UILIIUL-L.LUII UU)L!:b.

3.1.5 Fiber optic Jocal cable. A fiber optic local cable

provides a continuous optical path between an end user equipment and
interconnection box, and is typically not run through the main
cableways.

3.1.6 Fiber optic trunk cable. A fiber optic trunk cable
provides a continuous optical path between fiber optic interconnection
boxes in the FCOCP. Typically, trunk cables are run in the main
cableways and have higher fiber counts per cable than local cables.

2.1.7 Fiber optic topology. The fiber optic topology consists
of fiber optic interconnection boxes, trunk and local cables and the
connectors and splices used to interconnect the trunk and local

cables.

3.2 Acronyms. The following acronyms are used in this standard:
a. AMI Alternate Mark Inverted
b. APC Automatic Power Control

c. APD Avalanche Photodiode
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Bit Error Rate
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Coupler Power Ratio

dec1bels
decibels referenced to one milliwatt

Duzl Inline Package

Department of Defense Index of Specifications and
Standards

Emitter Coupled Logic

Electronics Industry Association

F'dun Pmittana L)aht Em1tt1na Diode

Fused Biconical Taper
Fiber Distributed Data Interface
Field Effect Transistor
Fiber Optic Cable Plant
Full Width Half Maximum
iocal Area Network

Light Emitting Dicde
Limited Phase Space

Mode Partition Noise
Mode Power Distribution
Mean Time Before Failure
Numerical Aperture
Non-Return to Zero

Outs 108 D 1ameter

“-\Aq’ TIhaw ANAalla
ViedldaQd aivel waQdli< \'umyuucuu

nvorf" illed Launch

Optical Time Domain Reflectometer
Physical Contact

Positive Intrinsic Negative

Positive Intrinsic Negative Field Effect
Transistor

Root Mean Square

[ P V. - P memm

Nnewiurn 50 LerL v

Dnﬁ-ivv-n Q-n Zovrm 1 Jes MiratiaAan Adnnlatinn
S e O o e - b P o il b e b AL EX A A A AN A Y]
Return to Zero Pulse Position Modulation

Survivable Adaptable Fiber Optic Embedded Network
Single Inline Package

Superluminescent Light Emitting Diode

Surface Emitting Light Emitting Diode

Signal to Ncise Ratio

Single Reflection

o o - - mde an f -

1[]31 mue.l.eb [ %Y 4 8 &)

'T‘n‘lnnnmmnh‘ln:f"nne TnAnet+try Aocenria
E AT N A XY= - OELJ EdInP I \I W A LA

Tran51stor-Transistor Logic
Wavelength Division Multiplexing

9
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Desigg equation varjables. The following variables are used
standard

Bwi(—J)

—_ &)
-~

BW_
L,

Y
Teal

trancmitter ricse time

transmitter -3 dB bandwidth

estimated cable modal bandwidth
normalized fiber modal bandwidth (-6 dB,
measured by the fiber manufacturer)
installed fiber length

fiber length scaling factor

the rise time associated with the first order
fiber chromatic dispersion impulse response
transmitter RMS spectral width

fiber dispersion at the transmitter centroid
wavelength

rise time associated with the second order
fiber chromatic dispersion impulse response
fiber dispersion slope at the transmitter
centroid wavelength

- fiber zero dispersion wavelength

- transmitter centroid wavelength

- fiber dispersion slope &t the fiber zero
dispersion wavelength
~ the FWHN center wavelength of the source
- the FWHM spectral width of the source

- receiver rise time

receiver -3 dB bandwidth

- total optical 1link rise time

- total optical link -3 dB bandwidth

= bit rate tc baud conversicn facter

- transmitter/cable exit bandwidth

- calculated component loss value

component LPS loss value

component OFL loss value

component RES loss value

difference between total power and low order
mode power

_ __a___ * ___a _» - _ PRp— - —— e
restracutea Jauncn power
mermwmd s VY T mtevmnl  vusr v
WUVCL L ddd > WWliil PU'CL
.
source/fiber mode power distribution constant

transient cable loss

mean transmitter output power

standard deviation of the transmitter output
power

mean receiver sensitivity

10
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standard deviation of the receiver
sensitivity

safety margin for unexpected losses
mean environmental margin for adverse
operating conditions

standard deviation of the environmental

margin for adverse operating conditions
adjustments to the link loss budget
total -Hdumper cable length

mean jumper cable attenuation
standard deviation of the jumper cable
attenuation

total multifiber cable length

average multifiber cable length

mean multlflber cable attenuation

£ 3
cf the multifiber cable

ot }

se in mean cable attenuation above

[T at the wavelength within the transmitters
center wavelength range at which the largest
mean plus two 0 loss occurs

the total number of connectors

mean connector loss

standard deviation of the connector loss

the total number of splices
the mean splice loss
standard deviation of the splice loss

nunber of other passive devices of one type
mean loss of other passive devices of one
type

standard deviation of the other passive

devices of one type
mean radiation induced jumper cable

-
b i

3
mean radxatlon induced multifiber cable
attenuation
standard deviation of the radiation induced
multifiber cable attenuation
mean radiation induced connector loss
standard deviation of radiation induced

connector 1o0ss

mean radiation induced splice loss
standard deviation of the radiation induced
splice loss
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bm. o - mean radiation induced loss of other
conponents

bn. 0y - standard deviation of the radiation induced
loss of other components

bo. Prau - maximum power available at the receiver

bp. Py - dispersion power penalty

bg. Pyen - mode partition noise penalty

br. DJ; - total deterministic jitter

bs. DJ, - input deterministic jitter

bt. DI - transmitter deterministic jitter

bu. DJ, - fiber deterministic jitter

bv. DI,y - receiver deterministic jitter

bw. RJ; - total random jitter

bx. RJ, - input random jitter

by. RJI - transmitter random jitter

bz. RJpy - receiver random jitter

ca. t_ - total transmitter/cable exit rise time

cb. Jy - total output jitter

cc. n; - temperature derating factor

cd. mq - quality derating factor

ce. A\ - fiber optic cable, light duty connector,

heavy cduty connector, single fiber splice,
cable splice, or optical switch, failure rate

cf. A - base optical fiber failure rate
cg. T - environmental derating factor
ch. n, - number of fibers in the cable
ci. my - mating/unmating derating factor
cj. =, - active terxini derating factor
ck. wm, - number of switch states

12



Downloaded from http://www.everyspec.com

MIL-STD-2052 (SH)

4. GENERAL REQUIREMENTS

4.1 General. This section provides general information and
requirements for designing a fiber optic system. General information
for those link designers who may not be familiar with the performance
details of different types of fiber optic components and their

ammmm mbad bemadanEElE~ o rsermen s A 7N Mres Aaemma mA asmiItmamandtes o
aSouveiansesu Liaucul i o .-Lb Yivell il W . L. v rualic anada A TYULL TlUTIILO 4 VUL
the physical design of equipment with internal fiber optic links and
external fiber optic interfaces are given in 4.3 and 4.4.

4.2 i ibers an iber optic components.

4.2.1 Optical fiber. This section provides a general comparison
of several different standard multimode fiber sizes. Since the
optical fiber used in typical fiber optic links is in cabled form, the

in *hie caortinn ara ronrocontativa nf

norfAarmanc~a alnnae Ale~snicear
—ddhd ot A A T A g ¥ L ‘vr‘ red bl wwd wdh F - h

wra
MYed i vialUiive VAALAWUTY WUiAiowuUoOOoCwW 4i3

cabled fibers and will be exn11c1t]v noted as such. Common

applications of optical flbers 1nclude deployment in high data rate,
fiber based local area networks such as the Fiber Distributed Data
Interface (FDDI) or the Survivable Adaptable Fiber Optic Embedded
Network (SAFENET), and in point-to-point fiber optic links.

4.2.1.1 Copstruction. The basic structure of an optical fiber
consists of 2 center core which is surrounded by an outer layer called
the cladding (see ficure 1). The core and cladding materials

constitute the llaht—auldlnc structure. The cladding material has a
lower index of refraction than that of the center core material to
achieve internal reflection of the light rays. The cladding may be
coated with other materials (generally polymers) to provide physical
protection, increased product strength, or isolation from external

-_— .Y & oty PR U SR - 282l 0
meuuanxcax IOICBS and mOlSCUre. ripers
j \ g

Q wWililll UWilSsS aaaalililional
matari{al ara ~al1l1al ‘\"“A"AA -F hgv-a- - mnAarAd ecetrvae Far k EFfaranr
u\-‘i‘. Al d LI T wadhidSNa b A Ak 0 o ava -~ A

fibers are 250 and 900 mlcrometer (um). For single mode fiber, the
core has a constant index of refraction over the entire core area.
For multimode fiber, the index of refraction of the core glass may be
constant (step index) or may vary over the core area (graded index).
For graded index multimode optical fibers, the core has a graduated
index of refraction which is hlghest at the center of the core and

egual to the index of refraction of the cladding at the corejcladding
Tt aemdfa | - P wenm B ad demdmer wmealdmldends cemdndmal €£3baoe o wmlmd ad &b
PR PEPY - {6 -3 rot a gj.au::u LIIACA HULL.LEIUQE UPL.LS.—Q$ LS5, € pPiIUL VL uT
Iindey Af rafyamtiAan varciie w»adiad nneq#énn I TR R VY, an 4ndav mynfidlal
T.l_\—n - - s de de AW e d A 'GLU\.LD e GANA A A A y D dh wdhWVi ‘\—HLLCM “Ad B BOA e yd. A L“‘;I
is approximately parabolic. The exact shape of the index profile is

controlled by the fiber manufacturer to maximize the bandwidth of the
multimode fiber (see figure 2).

4.2.1.2 Relatjve performance chargcte;isgic . A nunber of fiber

sizes are commercially available, but only two are recognized as
standard sizes by the Navy. These are the 62.5 um core multimode

13
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FIGURE 1. Opticzl fiber structure.
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FIGURE 2. Tvpical indey profils for gradsd inder mu
£ 4 —m—— = _
7LDer“£per KlL-F-49291/6) and the 8.5 to 10.1 um single mode fiber
Lol -2 ad Y o E_ A0~ ™ ——_ - . - - _ e o<
\P=s SALmFTA5e51/7) . Ihe Navy standard fibers and the most widely
used commercial fiber sizes are shown in table I.

14
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TABLE I. ard (o] .

Core Diameter (um)

8.5 to 10.0 (Navy standard, 125 N/A
single mode)
&N AmMmar~ial) 198 Nn 2°n
- \J ‘vv—uww‘u.b' o > o A
62.5 (Navy standard, multimode) 12} __0.275 -
140 0,29

4.2.1.2.1 Single mode fiber. The single mode fiber is the most
widely used fiber in the commercial telephone trunk market. When used

with a laser source, this fiber has an extremely high bandwidth

capability (many times that of any multimode fiber). However, the use
of this size fiber requires a laser source which may be undesirable in
some cases (see 4.2.8.1.2). Additionally, this fiber has high

o~ e o mde X | QPR 4B e 2 A e e X 2 el LA s A oY e e - o — Py iy S
Cornnecuion 10Sses {QesSpiLe reguliring uvignuer Tolerances On connecutiaon
harArraral amA samiirac hiahly =1-311ad moareannal FfAar srmetasl TatiaAan anA
LA ehad = ] (=Y ¥1-Y LG\’HA&W lb‘-y&“ e d b - o wd b 3 3G A & WA i b b A ed Wil AN
repair.

V‘

4.2.1.2.2 62,5/125 up multimode fiber. The 62.5/125 um fiber is

the Navy standard multimode fiber. This fiber has much lower bend
sensitivity than other fiber sizes while still having a relatively
high numerical aperture, low cabled attenuation rate (1.2 decibels per
Kilometer (dB/km) typical at 1300 nm), and high modal bandwidth (500

marvahamwéens /MITol.dlrwem dirmioal ad 9 ‘)I\ﬂ ——\
MCYQAUTA & \fuia ) Sl ‘xy‘\rq* QAW 4LIVV il ) .

4.2.1.2.3 50/125 um multimode fiber. The 50/125 um fiber has
the highest modal bandwidth (800 MHz-'km typical at 1300 nm) and a low
cabled attenuation rate (1.2 dB/km typical at 1300 nm). This fiber
was the first to be used in the telephone network and is used
primarily in longer distance applications in private~premise networks.
The primary disadvantages of this fiber size are low numerical
aperture, higher connector losses and moderate bend sensitivity.

4.2.1.2.¢ 100/140 um multimode fiber. The 1007140 um fiber is
able to couple the most power into the fiber from LED sources and
requires the least precision for connectors and splices. It is
typically used for short-length computer links and networks. The
Primary disadvantages of this fiber size are the low modal bandwidth
(400 MHz ‘km typical at 1300 nm) and moderate bend sensitivity. Also,
the 100/140 pm fiber requires different connectors and splices than
the other fibers because of its larger diameter.

are
49
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4.2.1.2.5 Pperforpance comparison. The relative performance
iy Y SRy iy G S B W . . o PSRRI | wmis T swmmdoa F£3lime M~ A semwm oo
Ciial aL Ll JoLleYy VUL ult: CUMUMIWVII LUMMITE L CAdl Uil vidaivuc 1L Avcy DAOTO waAill e
crrtmmariosad ae cehnatrm 1n ¢+ahkhla IY. Tho Yimite chatm 1n tahlea TTY ara
P WALMASLCA A A G Wl A o =2 X A4 R ¥ - 33 \—u&l&‘ -l F Y A = e h A A T AN VWAL -— s B e N - -t A
typical values for cabled fiber performance. Several grades of fiber

optic cables with different attenuatlon rates and bandw1dths can be
acquired from cable manufacturers. The typical performance of the
Navy standard multimode optical fiber may be different than the limits
in table II. Additional information on the relative performance of
different mulitimode fiber sizes can be found in 6.3a, b and c.

A 2 1 ] A
W oo doeJ

v 1
ng pff\'nipnnv t

source, attenuation rate, bend sensztivitv. a11anment sensitivitv at
fiber connections, and bandwidth. The input coupling eff1c1ency,
attenuation rate and alignment sensitivity are determined by the fiber
size and affect the link loss budget. The bend sensitivity of the
fiber affects the installed cable attenuation, the link loss budget

S i

in ion procedures.

which affect

TARLLE TIT. Cabled multimode ontica) fiber performance comnarison.
Fiber Size
L P U W 50/125 um 62.5/125 um 100/140 um
ALl lDuLe : A - :
850 1300 8 O 1300 850 1300
nmo Am nm nm nm
Typical Cabled Fiber
i Attenuation 3.2 | 1.2 3.2 1.2 4.5 1.5
(dB/km)
Bend Sen51t1vity Average Best Worst
Typical cCabled
Fiber Modal 500 800 300 500 200 400
BandwidthY (FHz km)
i Alignment
Sensitivity and Worst Good Best
Input Coupling
| Efficiency
¥ When optical fibers are manufactured, their bandwidth is

measured and
cells) based
manufacturer

the fibers sorted into groups (referred to as
on the measured bandwidth. The fiber
wvarrants that any product within a cell will

16
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meet the minimum bandwidth specified for that particular
cell. In many cases, the bandwidth specified for a cabled
fiber is the minimum specified bandwidth for the bandwidth
cell to which the fiber belonged and may be lower than the
actual bandwidth of the cabled fiber. Bandwidth
calculations (see section 5) based on fiber bandwidth cell

--------- Sirera VT iemls

minimum specifications will yield conservative linX
mvmders Adh wmemasds ~d31AAne
UGIIUW-L\-I\—I! kJL CUIAICLLAWVIIO .

4.2.1.3.1 Attenuation. The attenuation of a fiber is a function

of wavelength. For multimode fiber links, operating wavelengths in
the first transmission window (850 * 50 nm) and the second
transmission window (1300 t 50 nm) are typlcally used. In singie mode
fiber links, operating wavelengths in the second transmission window
and the third transmission window (1550 * 50 nm) are typically used.

Se Eha e‘-anAav"A windAnwy fAar Navv

Ao v v S om o Sy s IR Ve VLR
N L\A'J

The second transmission window is the standard window
communication links for either multimode or sincle mode fiber. A

tvypical spectral attenuation curve for a cabled fiber is shown in
figure 3.

ldAm / km)
/

Attonuation

o “L-ct.h (ml

TFIGURE 3. i d opticel fiber spectral zttenuation.

4.2.1.3.2 Fiber bandwidth. For multimode fiber, the fiber
bandwidth is a function of the modal distortion (modal bandwidth), the
chromatic dispersion (see 5.4) and the source spectral width. For
single mode fiber, the fiber bandwidth is a function of the chromatic

dispersion and the source spectral width. The chromatic dispersion of

17
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a multimode fiber has a zero dispersion wavelength in the 1300 nm
window (see figure 4). The chromatic dispersion of a standargd single
mode fiber has a zero dispersion wavelenqth in the second window
between 1290 and 1330 nm. Fiber exit bandwidth can be optimized by
using an operating wavelength near this zero chromatic dispersion
point, minimizing the source’s spectral width, minimizing the cable

length, or minimizing the source’s rise and faii times (see 5.4).
30
: —]
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18 -~ /

\
\

&
:
- L4
H . - v
L 7
t ! e
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-30 —J / i
13 L/ v v Y Y T T T T T Rl ~ T ’
izn3e ¢ { 1] 1390 138¢ 13%¢ 1300 31610 lace bY 24 ) 190C 193¢ 1580 1890
wWavelength (mm
PIGURE 4. Typicz)] optical fiber chromztic dismersion.
4.2.1.4 ﬁggl;ggglllgx. 0pt1cal fibers used in Navy tactical
applipat'é i n accordance with nLL-r-égigi, MIL-F-49291/6

be 1
All multimode fibers used in Navy nontactical
be co

ompatible with the Navy standard 62.5/125 um

4.2.2 Fiber optic cable. The design of a fiber optic cable

influences optical performance, environmental and mechanical
performance, human factors, and safety. The following paragraphs
discuss the structure of four common commercial fiber optic cable
designs and the benefits and drawbacks of each of those designs. The
designs are the Breakout, Stranded, Loose Tube and Ribbon designs.

4.2.2.1 cCcable construction.

4.2.2.1.1 BPBreakout desjgn. A Breakout design fiber optic cable
consists of individual single fiber cables, called Optical Fiber Cable
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Components (OFCCs), laid with strength members around a central member
and overjacketed for environmental and mechanical protection (see
figure S). Each OFCC consists of a buffered fiber (900 um total
diameter) surrounded by strength members and a protective jacket with

an outer diameter of approximately 2 millimeters. The breakout design
cable is typically used as local cabling in commercial intrabuilding
applications. This cable design is currently the only cable design
approved for Navy fiber optic cables and is in accordance with MIL-C-

85045, MIL-C—85045/13 (eiqht -fiber cable, thermoplastic jacket), MIL~
C-85045/15 (four-fiber cable, thermoplastic jacket), MIL-C-85045/16
(single-fiber tight buffer cable, thermoplastic jacket) MIL-C-85045/17
(eignt-fiber cable, cross-linked jacket) and MIL-C-85045/18 (four-

fiber cable, cross-linked jacket).
CQPTICAL FIBER CABLE
OCOMPONENT (ORCC)
\ — WATERBLOCKING

\ N\

—x Y ) |
==__ |
— T gz

/ /
/ / “~ OUTER JACKET
Zi “— WATERBLOCKING YARN
WATERELOCKING
CENTER MEMEER

FIGURE 5. OFCC (Breakout) design fiber optic cable.

4.2.2.1.2 Stranded design. A Stranded design cable is a fiber
optic cable in which the buffered fibers (900 um total diameter) are

stranded down the center of the cable surrounded by strength members
and a protectzve jacket (see tigure 6). This cable design is
ﬁypléally used in commercial inter- and intrabuilding trunk

- v Y 4 ’--& S e~

dppiications.

4.2.2.1.3 Loose Tube decgign. A Loose Tube cable is a fiber

optic cable in which 250 um coated fibers are loosely grouped in tubes
or slots which are stranded down the cable. The tubes are grouped
with strength members and surrounded with a protective Jacket This
design is typically used in commercial long-haul telephone trunk

applications.

4.2.2.1.4 Ribbon design. The Ribbon cable design is a variant
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FIGURE 6. Stranded design fiber optic cable.

£ e
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(typically 12 each) are sandwiched in a linear array, c
and laid in a loose tube down the center of the cable (see figure 7).
The ribbons are surrounded by an inner plastic tube, strength members,

and an outer protective jacket.

of the loose tube design in which multiple 25
ea
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FIGURE 7. Ribbon design fiber optic cable.
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resistant, and so forth), durability (able to withstand shock,
vibration, mechanical abuse, fluids, and so forth), human factors

(ease of installation and repair), and optical performance. The base
optical performance of a particular cable design is determined by the

optical fiber used and is not a primary consideration in choosing the
cable design.

A - - - - Ny oy S [4 o) TPy ___.c domse em el o e o o Py - ——le Y - am -
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appropriate materials are used to manufacture the cable, then the
cable will meet the necessary safety requirements. Currently, only
the OFCC cdesign cables are manufactured using appropriate materials.

.2.2.2 Durability. Each of the designs can be very durable

4.2
when properly manufactured. The primary exceptions are the bending
and waterblocking performance of the Ribbon cable design and the
tradtarmhlacnlrcs smor smamEmecmavman af adih dha OCdbhwanmadasd amad T amoan Mhilia Sams svems
WaALTLMIVLhilly Pl iviidalilbe Vi VULl LUIE oWl aliucUu Qlliv  LWLWWJUDTE  JUPT UTD4AYilo.
Table IIT shows the dynamic bend performance of the four cable

designs. The cable’s minimum dynamic bend radius is equal to the
cable’s outside diameter (OD) multiplied by the factor given in table
III. The Ribbon cable design has the greatest limitations on bend
performance of the four cable designs. Additionally, the Ribbon and
Loose Tube cable designs manufactured commercially are not
waterblocked with suitable materials (for example, nongreasy,

nAane am~iray A e Lacedd ) Mo Shawvmaeal caemd wmasmbhboeamd . aa? o~ — . .-
MiviiwaQawny ¢ allu OV AVL Wil] . AT WIICTL MHIGL Gl 191-93 F'S P:L PRSI TIT-9§io -3
1

both of these cahlae Ancagns would he adva

appropriate compounds. The Stranded desiar
waterblocked in commercial applications. This cable design can be
waterblocked, but the effect of the waterblocking on the cable’s
thermal or mechanical performance is unknown.

E Eh

TABLE III. pBend performance of fiber optic cabje designs.
Cable Design Minimum Dynamic Bend Radius
- (Cable OD Multiplier)
Breakout (OFCC) 4
Stranded 4 to 6
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4.2.2.2.3 Hgggn_ﬁ_g;gzg The human factor elements for the
Anesmme wravrr essAnler ) N v-; marir avan ~AfF MAmAanmarn Gnv— hiytman farmtAare 1o
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in the breakout of individual fibers in the cable plant

interconnection boxes or system equipments. The OFCC design is the
most suitable for Navy applications because each fiber is protected
within its own subcable. 1In the Stranded design, the individual
fibers are more susceptible to accidental damage since they are not
protected in an OFCC. In the Loose Tube and Ribbon designs, the
individual fibers show a high susceptibility to damage when brokKen out
of the tube or separated from the ribbon.

4.2.2.3 Fiber capacities. The total fiber capacities for the
various designs vary widely. The Loose Tube and Ribbon cable designs

have the greatest capacity, being able to hold over 200 fibers in a
0.5 inch diameter cable. For the same size cable, the Stranded design
can accommodate approximately 48 fibers and the OFCC design can
accommodate approximately 12 fibers. OFCC design cables with

€13 hmre - murs
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commercially and could be modified for use in Navy applications.

4.2.2.4 Applicabilitvy. Because of the ease of use and the high
degree of ruggedness, the OFCC cable is currently the standard Navy
degign for low density shipboard applications (eight fibers or less
per cable). Higher density cables are in developnent, but products
a

are not currently available. All fiber optic cables used 1in Navy

M vTmbaccmad asmenl d mmdr s s maT) e dem mmsmmee eeadeln WMTY _/"_OCNACLC M
Silapvaluy applriav-iviiec dualdld Yo i ObbULuallbﬁ WAdiil TNdLTOVCTOIUSI. il
NAVSEA Fiber Optic Program Office should be consulted to determine the

specification sheets that are approved for use. The Loose Tube and
Ribbon cable designs are not suitable for general Navy use because of
their limitations in the areas of mechanical performance and human
factors. The Stranded design is not suitable for Navy shipboard use
because it does not meet the waterblocking requirements.

Vs - - P o P Py S y o P S P, . | 2 P R T B ] zZ2 -—

4.2.3 Conneciors. Connectors are found 1n almost all Tiber
nmtic 1inbe OCawman srvnl imadtiAane ars ad Franmemittar and »ac~aivar +
vr - N e e AT o e o Mhdddd o A & “yr“wu‘v‘.a b “ wd UibDid A o i AL INA - e e ¥ e d -
cable plant connectiong, equipment connections and fiber-to-fiber

connections in interconnection boxes. Connectors may connect only one
pair of fibers together (single terminus connectors) or may connect
multiple pairs of fibers (multiterminus connectors). For Navy
shipboard applications, connectors are grouped into two classes; light
duty single terminus connectors and heavy duty multiterminus
connector Light duty connectors are used only in protected areas
n eguipment interiors and within fiber opt
e - e oY |
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4.2.3.1 Construction and relative performance characteristics.
The basic structure of a fiber optic connector consists of two
mechanical assemblies, one attached to each fiber end; and an
alignment assembly. The alignment assembly physically positions the
fibers 1in proxzmlty so that llght transmission may occur across the
interface. There are many different types and styles of commercial
fiber optic connectors available. Basic connector types include
cylindrical ferrule, v-groove, biconic, and lensed connectors. SMA

C/PC Riconic and SC connectors are the most common commerc 1ia
A T R 3 - Wil W\ & Ad (= ¥ — M oD N ALAM N O Shdid Cor de W e A
ce

:

single terminus connectors. The Fiber Distributed Data Interface

4.2.3.1.1 Connector. The commercial ST connector is the
pbasis of the MIL-C-83522 and MIL- C-83522/16 Navy standard single
terminus light duty connector. The ST is a cylindrical ferrule
connector and has a bayonet style coupling mechanism (see figure 8).
The fiber ie enavied into the ferrnle ucing a satariirad enavyv angd +ha
- — -~ - e P b B e N - L2 2 A= o b b Vb L4 d-ll &b AN ud b de s BHV“J WhdINA wAi
fiber end face is finely polished. Refer to MIL-STD-2042/5 for more

information on the assemblv and installation of MIL-C-83522/1
connectors. The ST type connector was chosen as the Navy standard
llght duty single terminus connector because of its ease of assembly,
quxck connect/disconnect time, ruggedness and high-grade optical
Eerformance. The performance of tbe ST 1s equal to or superlor to,

'
4

that of the other cc
t\mina'l T wmmem mPmmlr moamemsd Jorm dhom dhaome mdcrY mem cod dede o omemmes P
dPiealdid avie BILHUCA BE€NiSiuvive wnall wnose bLy.Le& W-Lul SCrew on Lype
counlinag mechanieme

2ilng mechanisms.

FIGURE 8. Navy standard single terminus light duty connector.
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4.2.3.1.2 FSMA and FC/PC connectors. The FSMA and the FC/PC
connectors are alsec cylindrical ferrule connectors, but both have a
screw on type coupling mechanism. The FSMA connector typically has

Navy use. The FC/PC connector was developed for single mode
applications, but has found use in commercial multimode systems as
well. This connector has the best optical and mechanical performance
of the connectors commercially available, but is difficult to

assemble, has a relatively long disconnect/reconnect time and requires

larger separation distances on patch panels than either the ST or SC
connectors.

4.2.3.1.3 iconic connector. The biconic connector has a
conical ferrule and is used commercially for both single mode and
multimode fibers in telephone applications. This connector is larger

than tne other commercial connector styles, can be difficult to
in the
nels t

i
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+har

-

1
- Sl A

:Tm

4.2.3.1.4 SC connector. The SC connector is a newly developed
commercial connector having a push/pull style coupling mechanism and a
square footprint. This connector was developed to maxirize connector
densities at connector patch panels and eaulpment backplanes and

rinigize dxsconnect/reconnect time and difficulty. However, this
AT e m smde mee dresnm d e T Ver o e e e Y & Y oo S e 3 Lo oaa Yo
Cuviuliee Wl o p.l.t_c:.l..iy 15 Conseruciea Ol1 piasticCs and nas unknown
environmental performance, especially at high shock levels.

4.2.3.1.5 Multiterminus connector. The Navy standard heavy duty

multiterminus connector, the MIL-C-28876 connector, is a cylindrical
ferrule connector based on the MIL-C-28840 Navy electrical connector
(see figure 9). This connector is a keyed, mechanically rugged,
strain relieved and environmentally sealed connector. Currently the
MIL-C-28876 connector can terminate cables with two, four, six, and

P D X Ry W B SRy

e:.ght fibers. Each fiber is terminated to & séparate fe is
assembly, called a terminus, which is held in the insert within the
connector shell. The fibers are epoxied into each terminus uging a

hegt-cured adhesive and the ends are finely polished. Refer to MIL~-
STD-2042/5 for more information on the assembly and installation of
¥IL-C-2887€6 connectors. When plug and receptacle MIL-C-28876
connectors are mated, the pin and socket termini in each mating
receptacle or plug engage with their corresponding socket and pin
termini to align the mating fibers The MIL-C-28876 connector was

:
chosen 2= the Navy standard hesavy duty multlte;uinus connector because
of its superior mechanical properties, environmental resistance, and

high-grade optical performance.
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Wali mounting recepiacie Piug comecior with
connector with strain relief \ strain relief

L=
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L— Optical cable Z_ Polarizing key Optical cable —A

FIGURE 9. te =C= 6) connector.

by ganging two simplex 'SC connectors in
a2 duplex housing. All three connector types use 2.5 me ferrule
technology, as do the ST, FC/PC, and SC simplex connectors. All three
connector types are polarized to prevent reversal of the transmit and
receive fibers and can be keyed to prevent connector insertion into

incorrect receptacles.
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connector performance: connection loss; back reflaction,

repeatability, minimum connector to connector spacing on patch panels,

s. The
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connection loss and repeatability affect the link loss budget. The

back reflection affects the nprfnrrannp of nnglgal time domain

reflectometers (OTDRs) used in link dlagnostlcs and the link source
performance if a laser is used. The ruggedness of the connector
affects the link reliability and may affect the link loss budget. The
minimum connector to connector spacing affects the physical layout of
connectors in the 1link on patch panels Oor on equlpment. The

ulsconnect/reccnnect tlme affects the tlme requlreq to perrorm cable
e wemmaAw €L - d e md e ATECEL 1Ty AE ammawmbhle A CfCambe Sha
y‘ﬂll\— A T \JLLA .L\juLﬂ\—J.UAlD G&lu ul: “LLLL‘—“L -y UL Gabcm&l&x aLch\—D wilts

installation and repairability of the link and the level of training
required for installation and maintenance personnel.

4.2.3.2.1 ecti a e i . Each connector

in a fiber optic link introduces both an optical loss into that link
and a reflected signal back through the link. The loss occurs because

of IlDer mlsmatcnes as well as connector spec1 flC losses 1nc1ua1ng
Fresnel reflections at the interface, lateral and angular
misalignment, and some cases, fiber separation. Each different

connector type/ style minimizes each of the connection related loss
mechanisms to some extent. As for the reflected signal introduced by
each connector in the link, many of the commonly available connectors
are polished so as to minimize this reflection (the physical contact
(PC} polish). This polishing technigue reduces back reflection from
and connector loss Loss and back reflections are the

the connector, .
MY Imarer ~mre 3 ~al mEECanmbn Comm = yvvemem AEFE o ATt e s w €3 hme mead o~
A AL Yy W A d AP O S PP ity i uUuocT wa Q WNEMIITA N L PYS) O A LVCTL Vka—-l.\r
link.

4.2.3.3 i itvy. Light duty single terminus connectors

used in Kavy tactical applications shall be in accordance with MIL-C-
83522, MIL-C-83522/16 (connector plug), MIL-C-83522/17 (plug adapter),
and HIL-C-83522/18 (active device mount) Heavy duty multiterminus
connectors used in Navy shipboard applications shail be in accordance
with MIL-C-28876 and supporting specification sheets. Light duty

Pnﬂhbﬂfnre nead in Navv mantamt{~al amnlicatiane =chal)l ha ~roamrmatibhla
vvvvv - . s ovum Vv - o W & ‘rr“v- -d- Wil SRALSA A & L el vv-y“ - hd A

4.2.4 Splices. Splices are also found in many fiber optic
links. Common applications are permanent fiber-to-fiber connections
in wiring closets and cable repair connections. Splices may connect
only one paxr of :zbers togetner {alngle fiber Bpllces) or may connect
multiple pairs of fibers (multifiber cable splices). For Navy

shipboard applications splices are grouped into two classes: light
dutv single fibher enliceg and multifibher cable cnllces. Light duty

===J Sy - (=g S e SENE  BMNS A W A B

single fiber splices are used only in protected areas such as

equlpment interiors and within fiber optic interconnection boxes or
cable splice closures. Light duty single fiber splices used in Navy
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tactical and nontactical applications shall be in accordance with MIL-
S5-24623 and MIL-S-24623/4. Multifiber cable splices are used in
unprotected areas, such as the cableways or overheads, for the repair
of multifiber cables. The multifiber cable splice consists of a cable
splice closure and multiple light duty single fiber splices.
Multifiber cable splice closures used in Navy tactical and non-
tactical applications shall be in accordance with MIL-S-24623 and MIL-

S-24623/5.

4.2.4.1 Splice types. The styles of fiber optic splices which
are the most common in the commercial market change continually.
Fusion and elastomer sleeve splices were among the first developed.
Fusion splices are typically used in long haul, telephone outside
plant, and other applications where many splices are used and splice
equipment costs can be spread out over many connections. To obtain
quality fusion splices, highly trained personnel and expensive
automated fusion splicing equipment are required. Mechanical splices
are commercially used in applications where splice quantities are not
as high and the initial investment for a fusion splicer is
prohibitive. Most mechanical splices use either index matching gel or
index matching adhesive to minimize back reflection and attenuation.

4.2.4.2 construction and performance characteristics. In a
~zusion splice, the fibers are fused together to form a2 single
continuous waveguide and placed in a protective holder. For
mechanical splices, the basic structure of the fiber optic splice
consists of a mechanical assembly that physically positions the fiber
ends in close proximity so that light transmission may occur across
the interface. There are many different varieties of mechanical fiber
optic splices available, the most common being glass capillary, glass
rod, and elastomer sleeve splices.

4.2.4.2.1 i splice. Glass capillary
mechanical splices are the most common commercial mechanical splices.
This type of splice has lov losses and low back reflections. The
recommended single fiber splice for Navy light duty applications (per
MIL-5-24623/4) is a glass capillary mechanical splice, known as a
rotary mechanical splice. This splice consists of two identical
precision glass capillaries (ferrules) which hold each fiber end (see
figure 10). The fibers are epoxied in each ferrule with an
ultraviolet (UV) curable adhesive and then the ferrule ends are
polished. The ferrules are mated together using a metal alignment
+1ip and index matching gel. Refer to MIL-STD-2042/5 for more
information on the assembly and installation of the MIL-S-24623/4
splice. The MIL-S-24623/4 rotary mechanical splice was chosen as the

I LITIT . T EMIE LV VW ) 1 1dCE b INurce 91
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Navy standard light duty single fiber splice because of its ease of

assembly, ruggedness, high-grade optical performance, and

-7
remateability.

FIGURE 10. Rotary mechanicaj splice.

4.2.4.2.2 Multifiber cable splice. 1In commercial applications,

multifiber cable splice closures are large housings, typically the

size of small interconnection boxes. These types of cable splice

closures are not suitable for use in cableways or crowded overheads
&=
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cable location. The MIL-S-24623/5 multifiber cable splice closu

approximately 8.5 inches in length and 1.4 inches in diameter and can
held up to eight MIL-S-24623/4 single fiber splices.

4.2.4.3 Attributes. There are several attributes that describe
splice performance: splice loss, back reflection, re-enterability,
remateability, time/skill to assemble and ruggedness. Splice loss

affecte the 11n\r loss budaget. Rarml »aflarcrtinn affarte +ha marfAarmans
e de W P wd i P y,N PRSI~ ”“u’\— &S A i e S de e e d WA el od b o D -idd y;‘-&v‘m 4 8%

of OTDRs used in link dlegnost1rﬂ and the link source performance if a
laser is used. Ruggedness of the splice affects the link reliability,
the type of enclosure that the splice must be housed in and may affect

the link loss budget. Re-enterability and the remateability of the
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splice affect the types of maintenance actions possible for
maintenance ?ersgnnel . Tlmp /skill to assemble, reenterabilitv P and
remateability affect the stallatxon and repazrablllty of the link

personnel.

4.2.4.3.1 Splice loss and back reflection. Each splice in a
fiber Optic llnk introduces both an optical loss into that link and a
reflected signal back through the link. The loss mechanisms for a
fiber optic splice are similar to those for a fiber optic connector

minimizes each of these

I rs 2 2 1) Each different tvpe/stvile
\ e £ 5t Subd
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loss mechanisms to some extent. Most of the commonly available
mechanical splices utilize an index matching gel or epoxy to minimize
the back reflection. As with connectors, the reduction of the back
reflection from the splice also reduces the splice loss. Loss and
back reflection are the primary optical effects from the use of a

splice in a fiber optic link.

4.2.5 Fiber optic switches. Fiber optic switches are primarily

used in local area networks (LANs) as failsafe bypasses for equipment.

Fiber optic switches for use in Navy tactical and nontactical
appllcations shall be in accordance with MIL-S-24725 and supporting
specification sheets. Specification sheet MIL-S-24725/1 describes a
light duty 2 x 2 multimode fiber optic bypass switch used in protected

areas such as interconnection boxes and system eguipment. Currently,
there are no specification sheets for stand-alone, heavy duty fiber

optic switches.

4.2.5.1 Construction and performance characteristics. There are
a number of different types and styles of fiber optic switches
commercially available. The most common fiber optic switch types are
the moving fiber and moving mirror switches. Both fiber optlc switch

types can exhibit shock sensitivity. HMIL-5-24725 specifies minimum
levels of fiber optic switch performance, but does not specify the
switching mechanism. Moving fiber switches use an electrical relay to

SWi b illily

phys;cally move the input and output fibers to produce switching. 1In
moving mirror switches, mirrors are inserted into optical paths by an

electrical relay to produce switching. Other switch types are also
available depending on the application.

4.2.5. .
switch performance: switch loss, back reflection, fepeatablllty,
switching time, lifetime, size, power consumption, and ruggedness.
Switch loss and repeatability effegt the link loss budget. Back

reflection affects the performance of OTDRs used in 1ink diagnostics
and the link source performance if a laser is used. Lifetime and
ruggedness of the switch affect the link reliability, the type of
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enclosure that the switch may be housed in, and may affect the link
loss budget. Switching time, switch size and power consumption may
affect the design and performance of the system of which the 1link is a

4.2.5.2.1 Switch loss and back reflection. Each switch in a

fiber optic link introduces both an " introduces both an optical loss into that link and a
reflected signal back through the link. The loss mechanisms for a
fiber optic switch are similar to those for a fiber optic connector

when the switch connection is engaged (see 4.2.3.2.1). Each different
switch type/style minimizes each of these related loss mechanisms to
some extent. In general, loss and back reflections are the primary
optical effects from the use of a switch in a fiber optic link.

4.2.6 Couplers. Fiber optic coupler use is more limited than
the other passive fiber optic components. Common applications are in
passive distribution systems, bidirectional communication links nd
wavelength division multiplexed (WDK) links. Fiber optic co‘p ér for
use in Navy tactical and nontactical applicatlons shall be in

c1Imem ernacy 1 naf- 1 nn
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accordance with MIL-C-24621 and supporting specific sheets.
These couplers are light duty couplers intended for use inside
interconnection boxes or equipments. The NAVSEA Fiber Optic Program
Office should be consulted to determine the spec1f1cat1on sheets that
are approved for use in Navy applications.

4.2.6.1 gopstruction and performance charscteristics. The basic
structure of a fiber optic coupler consists of input fibers to a
coupling region, the coupling region itself and the output fibers.
The number of input fibers and output fibers may be the same or may be
different. Within the eounlina region there may be additional

division multiplexers. There are many different types and styles of
fiber optic couplers available. The basic coupler types include fused

—~ A

biconical taper (?BT), pianar, glass rod anc bulk Optlc. The most
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common comnerc.lax IlDeI' Optlc Coup.l.cr Lype .L- the FB
coupler However, planar type fiber optic couplers are available from
vendors and are quickly becoming a common coupler type. MIL-

.
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C-24621 specifies minimum levels of flber optic coupler performance,

but does not specify the coupling mechanism.

4.2.6.1.1 Bulk cptic and class rod couplers. The bulk optic and

glass rod coupler types were the first coupler types developed and

S e A R W 4

show the highest losses and the greatest variability in insertion loss
of any coupler types. In the bulk optic coupler, light is directed

from the input fiber to the output fiber through the use of lenses,

30



s Downloaded from http://www.everyspec.com =~~~

mirrors and beam splitters. 1In the glass rod couplers the input light
is launched into one end of a glass mixing rod, which then launches

light into the output fibers.

4.2.6.1.2 FBT coupler. FBT couplers are the most common coupler
in the commercial market. They are constructed by heating, twisting,
and fusing several fibers together. Initially, the greatest

weaknasses of this coupler typo were insertion loss uniformity and
coupling sensitivity to input light modal conditions. Most current

FBT couplers produced still show some nonuniformity in insertion loss
(especially for couplers with many input and output fibers), put many

do not show excessive senslt1v1ty to 1nput 1lgnt modal conditions
ance m

L]
Py SR
aLl 1X

FBT couplers often show a high sensitivity of the transmittance
o Qemenrede VT dowbmd ecravemn ) avmsrd
[SA & 4 .Luyu\. L.lg‘lb 'QVCLGII\’ Wil e
4.2.6.1.3 Planar coupnler. The planar coupler is the newest

coupler type introduced into the commercial marketplace and shows the
best overall insertion loss uniformity, the least wavelength
sensitivity in the set of input to output coupling losses (known as
the transfer matrlx), and the least sensitivity to input light modal

conditions. This coupler type is constructed using glass substrates
mwmll Aadbhaw dAamandbldomew rrasrammid das san blha meitbhadwmada maw wmadd Cerdvan Eha
QLN B d il UBPUbJ LdiIlY wWavEsyuiuEds Vil LT DUMVSLLaLE UL MVULALY LYy il
gsubgtrate material to produce waveguides within the substrate.

4.2.6.2 Attributes. There are several zttributes that describe
coupler performance: insertion loss, crosstalk (for WDM type devices),
temperature sensitivity, wavelength sensitivity of the transfer
matrix, and ruggedness. 1Insertion loss and temperature sensitivity
affect the link loss budget. Crosstalk in WDM couplers affects the

s de mesesmamen = £ 7> P>\ —— e d e Y [ N — a2 2 AT -l Aoleo mdeboaes
NiL ELLIOL IdL—e (D) VL Siynail wvo nULbe racvio (o) Ul Lae vluer
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ingtallation of the counlg; and may affect the link loss budget.

Wavelength sensitivity of the transfer matrix affects the
upgradability of the link and may affect the link loss budget if
link source is replaced with source of a slightly different

wavelength.

the

.1 ouple 133 e ctio As with the other
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introduces th an optical loss into that link and a reflected signal

back through the ink For most of the counler styles, the reflected
signal levels are low. The loss between anut and output fibers
occurs because of the changing waveguide structure within the coupler
as well as basic connection losses (see 4.2.3.2.1). The loss between
curterem: input and output fiber pairs is slightly different because
of differences internal to the mixing region. Furthermore, the
transfer matrix is generally different for each transmission window.
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As with the other passive fiber optic components, loss and back
reflection are the primary optical effects from the use of a coupler
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on hoxes. Interconnection boxes are used in

4.2.7 Interconnection oxe
fiber optic systems to allow equipment to connect into the fiber optic
cable plant (see 4.3.3). Interconnection boxes for use in Navy
tactical and nontactical applications shall be in accordance with MIL-
I-24728 and supporting specification sheets. These interconnection
boxes are watertight and may be used in unprotected liocations
throughout the ship. These boxes serve to protect and isolate the

ermYimae Av Athar SAamrnAanands Eemam
a &~ &\
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+the chinhaoard environment

che £hlpboarg environment.

4.2.7.1 Construction. The interconnection box consists of an
outer box structure and internal connector patch panels or splice
trays. Small interconnection boxes that will accept up to eight or 16
sxngle fiber connectors are available. These small interconnection

oo - — = PR U sy 2 P P > P Oy W S
o = e __________________________________________________________

. versions avalila ee modules.
Each module may contain up to 48 single fiber connectors or 72 single
fiber splices. Connector and splice modules may be mixed within the
same interconnection box. & connector module consists of a flat plate
(the patch panel) and slide channels that the plate mounts in. The
patch panel slides out of the box for easy access. The patch panel

contains hcles for mounting panel mount single fiber connector
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with MIL-S-24623/4. Up to 12 splices are mounted in each tray, which
1

organizes the splices and provides limited mechanical protection.

4.2.8 Fiber optic sources and transmitters. In a fiber optic

link the optical transmitter converts an electrical signal to a light
(optical) signal and launches the light into the fiber. The
transmitier normally consists of an interface c1rcu1t, an ele
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transistor logic (TTL), emitter coupled logic (ECL) and others. Fiber
optic transmitters for use in Navy tactical and nontactical
applications shall be in accordance with MIL-T-24721. &ll
transmitters shall be hermetically sealed. Semiconductor sources with
center wavelengths in either the 850 or 1300 nm transmission windows
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are available. For most applications with moderate data rates,
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semiconductor light sources for fiber optic links. These sources can
be grouped into two broad categories: light emitting diodes (LED’S)
and laser diodes. Each of the source types has specific advantages
and disadvantages for a particular application as shown herein.

4.2.8.1.1 struction and ance charact
EDs are the recommended sourcc type tor multxmoae fiber anxs necause

Denloen mdommmeed doosee

S
F Qo
their low cost and relatively simple drive circuitry. LEDs can be

tamarioald $wmea thras aard o~ arouns: surface amirtinea f“nﬂ.c { QT. RN
i YW A AW T AMUAPAY YWl e v‘-— dilde W SN WA WNS \ Madasar J

edge emitting diodes (ELED), and superluminescent diodes (SLD). The
basic differences between the three categories are the direction of
light emission relative to the positive-negative (pn) junction and the
power launched into the fiber.

4.2.8.1.1.1 SLEQg. In SLEDs the light output is perpendlcular
to the pn junction (see Ilgure 11). This output light 1is incoherent,
P T ettt ol - ey sl mmwn o sedsamm - . -~ Ay mdrees btk Aal ArAY = Voo eemnts A
VS AL D @ wAike §P ULLGL chug Qlid 4 WUWADLWLL dJUuLTWU VivVvCcyh Q QL YL W A AL
angle than a typical fiber can accept.
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FIGURE 1i1i. fi§16§1 SLED §“§t§ﬁ6ti‘§.
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4.2.8.1.1.2 ELED and SLD. In contrast, most ELED and SLD
constructions are based on semiconductor laser constructions. The
primary difference between the ELED and the laser is that the laser
cavity facets are made nonreflective in the ELED so that only

spontaneous emission occurs. For ELEDs the light output is parallel
to the pn junction (see figure 12). Typically, the light output from
an ELED is distributed over a much smaller solid angle and a narrower
spectral band than that of an SLED. Additionally, ELEDs typically
launch more power into a multimode optical fiber than a SLED
(especially for the smaller core sizes/numerical apertures). The
T

primary difference between the ELED and the SLD is that in the SLD the
cavity facets are somewhat reflective so that some stimulated emission
occurs within the cavity. The output of an SLD is over a smaller
solid angle and a narrower spectral width than that of an ELED.
However, the output is not fully coherent.
/
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PIGURE 12. ical ELED construction.
4.2.8.1.1.3 pPerformance comparison. The power launched by the
SLD is the highest for the LED structures. The higher power densities
at the pn junction, however, decrease the SLDs reliability. The SLD
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is not as widely available as SLEDs and ELEDs and is not commonly used
as a source in communication applications. Table IV shows a
comparison of the typical performances of the different LED types.

4.2.8.1.2 ser diode constructio nd ormance ireme
Semiconductor laser sources typically have a greater output power at a
lower drive current and bandwidth than LEDs. The output power coupled

into a 62.5 um fiber for a typical semiconductor laser is on the order
A~ D b ALE 2D [, 1 Y codnomcede £ oo ol occomd cemad d ool ter 3Lem bl oo Y e
Vi ¢ WV T2 UDR. di1e ULPUK. i CLulEl el alll 114aly Qirecueaonald. ine
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longitudinal mode laserg) to greater than 10 nm (multimode laser).
Semiconductor lasers are available for use at almost any center
wavelength and have modulation bandwidths in excess of 1 gigahert:z
(GHz).
TABLE 1IV. and lase er compari .
c————— .- P S Py
Selmi e ———
Mt ~al Crvivman Dar€asmanmmanl/
.L_Y PRS- WPWMILAWT IFTLAVLIIIQIILT
Attribute ~ SLED ELED SLD Laser
AREN wwn 12NN sawn QLA sewm LI ¥a Ve RN
COoV Jl LAIVV 1ML CIV § 430UV LR
gaqpch Power -8 to -15 to -12 to -5 to 5 to -5 to
2.5 um fiber) -15 dBn -19 dBm -17 dBx -10 dBm 10 dBnm 3 dBm
I~ Spectral width 50 to 120 to 70 to 20 to 50 <1 to 10 nm
(FWHM) 110 nm 170 nm 120 nm nn
Center 750 to 1200 to 750 to 750 to 770 to 1200 to
Wavelength 900 nm 1600 nm 1600 nm 1600 nm 905 nm 1600 nm
Maximum 250 MH:z 400 to > 400 > 1 GHz
Bandwidth o 500 MHz Mhz
1.1 fetime 10% hours 1N7 hArtrire 116 harseee 105 lamrreme PPN S
e e S " e Bl vV AUUL O PV HUUUL & Fey AUVUL & AV HUULS 4 U JIOUL S
Linearity Moderate Moderate Poor Good
Drive Current 30 to 200 mA 30 to 30 to 10 to 150 mA
200 wmA 200 wmA
o NV ALY L IV ALLS
Temperature
Sensitivity 4 to 6 dB 6 to 10 to 10 to 25 dB
(=40 to +70 °C) 22 dB 25 dB
1
R R S P Y D . s
¥V typical values are shown for comparison purposes only. Check
with the manufacturers for exact performance characteristics for
svetem dacion mnuirnneac
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4.2.8.1.2.1 Complexity of design. Semiconductor lasers do,
however, have some disadvantages. Semiconductor laser lifetimes are
generally on the order of 10° hours, approximately an order of
magnitude less than most LEDs. 1In addition, most semiconductor lasers
are more temperature sensitive, and require some form of automatic
power control (APC) circuitry and internal or external thermoelectric
(TE) coolers. 1In some cases the APC circuitry and the TE cooler are
internal to the transemitter package, but the control circuitry for the
TE cooler is not. The circuitry regquired for these functions, whether
inside or outside of the package, does increase the cost and
complexity of the link. The use of internal or external TE coolers
tends to decrease the transmitter’s reliability.

4.2.8.1.2.2 Interaction with other link components. Some of the

disadvantages of semiconductor lasers arise from the semiconductor
laser interaction with other link components. When semiconductor
lasers are used with multimode systems the number of longitudinal
modes (for example, the spectral width) of the laser should be
maximized. 1In general, if the full width half maximum (FWHM) spectral
width of the laser is less than 5 nm, interference generated modal
noise will be present within the link and the link losses will be
unstable. Purthermore, lasers with narrow spectral widths are more
susceptible to reflections from link connections and will further
degrade the link performance (see 5.6.6). The effects of modal noise
can be avoided in systems using narrow spectral width lasers if
special modulation technigues are used (see 5.€.7). If lasers with
narrow spectral widths are used and these modulation techniques are
not, adjustments to the loss budget must be made for modal noise (see
5.6.7). 1In some cases the link BER may not decrease below a minimum
value (known as a BER floor) regardless of the optical power delivered

to the receiver.

4.2.8.2 PFiber optic transmitters. Fiber optic transmitters are

available in many different forms and with varying degrees of
complexity. Transmitter forms include transistor outline (TO) cans,
single inline packages (SIPs), dual inline packages (DIPs), butterfly
lead packages, or small circuit boards or boxes. The transmitter
output interface may be either a fiber optic connector adapter or a
fiber optic pigtail. If a fiber optic connector adapter is used as
the output interface, an optical fiber may be used internal to the
transmitter package to link the opticazl source to the output connector
adapter. Alternatively, the optical source may mount into the output
interface connector adapter so that it launches directly into the
fiber optic connector mating to the transmitter. For a transmitter

36



" Downloaded from http://www.éveryspec.éom

MIL-STD-2052 (SH)

erddla mm mnrdrsmiede Ellham mmbda wlaadbal P T e B | A m DEA 11w mandad
wWdilwLil Qill UULP “ 44l UPLJ. ylgbﬂl.‘-, wiie PLgbGLL 4D QA LIV i aLwcTu
fiber within a 1 mm diameter buffer tube, or a 3 mm single fiber
cable. For fiber ontic pioctails. s p_ le fiber cable pigtgils are more

4.2.8.2.1 Cogstruction. The most basic transmitters contain a
semiconductor source in typically a DIP or a TO can. These
transmitters may require separate circuitry in the system equipment to

properly condition the electrical signal that is supplied to tne
= e [y I S ey Fréod mve deem s vu v o dodn o —A wmmmasn smaoamem) avy memd hoaera &ha -
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interface circuity and source drive circuitry within the package.

Fiber optic transmitters for communications applications tvp;ggllv

contain interface circuitry and source drive circuitry as well as the
source. Fiber optic transmitters using laser diodes require more
complex circuitry than transmitters using LEDs. Simple lasers are
available in TO cans, but generally these are not used in
commrunications links Laser transmitter packages generally contain
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circuitry. Laser diode transmitter packages may also contain an

integral TE cooler, but generally the circuity to control the TE
cocler is not contained within the transmitter package and must be
included on the printed circuit board where the transmitter is
mounted. Complete laser packages (boxes) are available which contain
all of the circuitry required to drive and control the laser.

A D" 2 2 Aty hrreams Mha mrimarey akdees biitas hat Aacrrrs ha
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fiber optic transmitter performance are output power, center

r
wavelength, spectral width and rise time. The output power affects
the link loss budget and is determined by source material and
construction. Center wavelength affects signal attenuation and
dispersion and is determined by source material. Spectral width
affects link dispersion and is determined by source construction.

Transmitter rise times affect thelr bandwidth capacity and are
determinaed by construction and the source drive circuitry.
4.2.9 Fiber optic detectors and receivers. 1In a fiber optic

link, the optical receiver converts the transmitted optical signal
into an electrical signal and, in some cases, removes some of the
aistortion introducec by the fiber optic link. A receiver normally
consists of an optical interface (either z connector or fiber optic
pigtail), an optical detector, a low noise amplifier, and other
circuitry to produce the output electrical signal (see figure 13)
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Fiber optic receivers for use in Navy tactical and non-tactical

applications shall be in accordance with MIL-R-24720. All receivers
shall be hermetically sealed.
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Figure 13. Bloc iagrar of ca ber Optic Recejive
4.2.9.1 Qptical detector construction and performance
characteristics. Optical detectors can be categorlzed into two basic

groups: positive-intrinsic-negative (PIN) diodes and avalanche
photodiodes (APDs). The primary differences between the different
detector types are responsivity, reliability, bias voltage.and
frequency response. Table V shows a comparison of the typical
performances of the different detector types.

TABLE V. Detecto erformance comparison.
——— —_
Typical Detector/Receiver Performance ¥
Attribute PIN APD
850 nm 1300 nx §50 nm 1300 nm
y Material Silicon Germanium Silicon Germanium
or InGaAs or InGalAs
Maximum -35 dBn -40 dBm -50 dBm -45 dBm
Sensitivity
Wavelength < 750 to < 1200 to < 750 to < 1200 to
Range >900 nm 1600 nm > 900 nm 1600 nm
Maximum > 1 GHz > 1 GHz > 1 GHz > 1 GHz
Bandwidth
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Temperature Minimal Minimal Moderate Moderate
Sensitivity
Bial Voltage | -5 to -15 V | =5 to =15 V > 100 V 30 to 100 V
Lifetime 10’ hours 10° hours 10° hours 10* hours |
v Typical values are shown for comparison purposes only. Check

with the manufacturers for exact performance characteristics for
system design purposes.

4.2.9.1.1 PIN diodes. PIN diodes are used as the detector in
most fiber optic systems. The size of the active area of the diocde
can be optimized for the particular application. The frequency
recnonse of the diode decreases as the diode active area increases in

size. For most applications, especially those with high bandwidth
requirements, the diode active area should be minimized. However, the
diode active area should be as large as the core size of the link
fiber. Typical PIN diodes have lifetimes in excess of 10’ hours and 3
dB bandwidths in excess of 1 GHz. The sensitivity of a PIN diode can

be enhanced by combining it with a field effect transistor (FET).
These hybrid detectors are called PINFETs. Receivers utilizing PINFET
detectors typically have greater sensitivity than they would if simple
PIN cdiodes were used.

4.2.9.1.2 pavalanche photodjodes. APDs are generally used as

detectors in applications where sensitivities are required that cannot
be obtained with a PIN or PINFET. Silicon APDs typically require bias
voltages of over 100 volts, while germanlum APDs requlre bias voltages

up to a few tens of volts. This necessitates the availability of a
high voltage source for the receiver, complicates receiver design and
decreases thermal stability. APDs have lifetimes on the order of 10°
hours and bandwidths in excess of 1 GHz. APDs exhibit an inverse
relationship between gain and frequency response. That is, the APD

bandwidth is maximum when the gain is at a minimum. 1In general, APDs
have a lower frequency response than a PIN or PINFET. However, the
responsivity of the APD is much greater than that of either the PIN or
the PINFET leading to receivers with much greater sensitivity than

possible with PINs or PINFETSs.

4.2.9.2 Fiber optic receijvers. Fiber optic receivers are also
available in many different forms and with varying degrees of
complexity. Receivers are available in TO cans, hybrid microcircuit
DIPs and butterfly lead packages, or small circuit boards or boxes.
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4.2.9.2.1 Construction. The most basic receivers consist of a
semiconductor detector and an amplifier in a TO can. These receivers
require separate circuitry in the system equipment teo condition the
output electrical signal and are for use in links with relatively low
data rates Other receivers are more complex and also have the signal

conditioning circuitry within the receiver package. Some receivers
contain link diagnostic circuitry that monitors the receiver input
optical power. The most complex receivers include the amplifiers,

51gnal conditioning circuitry clock recovery and link diagnostic
circuitry within the package. The receiver input optical interface

may be either a fiber optic connector adapter or a fiber optic
The receiver input optical interface ic similar to the

nictald

tlcbv b e oo O C X X A N N -tor ————— - v ——— — =a2a=
transmitter optical interface. See 4.2.8.2 for information on the
optical interface.

4.2.9.2.2 Attributes. The primary attributes that describe

fiber optic receiver performance are sen51t1v1ty, trequency response,
spectral response range, rELlaDlllty and dynamic range. Tne spectral
response range ermine detector materials. 1In

L EeSpolIse falye .\Lb UB\':LIHLIIEd wx \.llc bhu.&vc vf U vow ww
general silicon detectors are used in the 850 nr window while
germanium and InGaAs are used in the 1300 and 1550 nm windows. The
dynamic range of the receiver is determined by the amplifier choices.
The receiver sensitivity, reliability andéd freguency response are
determined by the specific detector and amplifier choices.

P S

4.3 Inter—ecuipnrent ec

*
-~

Xt a
external physical interfaces shall be as specified in 4.3
4.3.1.2.

4.3.1.1 Stand-alone equipment. Eguipment external physical

interfaces for stand-alone eguipment shall be either a heavy duty MIL-
C-28876 connector or a Navy approved cable penetrator. Cable
penetrators include stuffing tubes and multiple cabls psnatrators (see
MIL-STD-2051). Iz n¢o case shzll light Auty connectors be used 2= the
equipment external physical interface. Figure 14 shows approved

—aRhapRellt

stand-alone equipment external physical interfaces.

4.3.1.2 Eggg_mggn;gg_gggigm_gg Equipment external physical
interfaces for rack mounted eguipment shall be either 2 heavy duty
MIL-C-28876 connector, light duty MIL~-C-83522/16 connectors, or single
fiber cable pigtails (MIL-C-85045/14 or /16) with light duty MIL-S-

24623/4 splices. If light duty connectors or single fiber cable
pigtails with light duty splices are used as the equipment external
physical interface, thev shall be protected within the equipment rack
and the equipment rack shall have an external physical interface as
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equipment.

described herein. Figure 15 shows approved rack mounted equipment
external physical interfaces.
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connectlon (a s;ngle cable betwegn the two equipmebfs or racks).

only when a shlpboard fiber optic cable plant (see 4.3.3) is not
installed or link reguirements cannot be met using the shipboard fiber

optic cable plant. If direct 1nter-equipmen’ or inter-rack

connections are used, the heavy duty KIL-C-28876 connector is
rec ck external

ommended as the eguipment or rack external physical interface.
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4.3.3 Fiber optic topology connections. The recommended
approach for inter-egquipment or inter-rack connections 1is to use the
shipboard fiber optic topology (MIL-STD-XXXX). All systems shall have
an acceptable loss budget (see 5.5) for implementations using a fiber

optic topology.

4.3.3.1 Fiber optic topoloov description. The fiber optic
topology consists of trunk cable runs, local cable runs and

interconnection hardware (connectors, splices and interconnection
boxes) Trunk cables optlcally interconnect compartment

.
onnection boxes and are typically run through the m
a
a

a1
Ao ¥
optically connect the equipment to the

<

tion box and typically are not run through the
main cableways. Trunk cables generally have higher fiber counts per
cable than that found in local cables. Connections between equipment
or racks are established by connecting fibers in the local cables from
each equipment to common fibers in a trunk cable via single-fiber
connectors or splices within a interconnection box. The portion of
the fiber optlc topolog) consisting of the trunk cables and the
interconn boxes 1s referred to as the Fiber Optic Cable Plant

- i A WwwrAs - A

e
(FOCP). Fi diagram of a typical fiber optlc topology.

4.3.3.2 Topoloov conpection advantageg. The primary advantages

of using the fiber optic topology for equipment or rack
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increased survivability of syster cabling, and more econorical sy stem
and ship growth. The sharing of trunk cables by several systems
reduces the number of cables in the ship’s cableways. This reduction

of cables in the cableways gives ship designers more flexibility in
cable routing and allows the addition of survivable redundant cables
for the topology trunk cables. The reduction of cables in the

cableways also allows the installation of unallocated fibers during

initial construction for use in upgrades and new system installations.

. Trmbra_amiimmant Ar sntracoracl Arsaani 2atian P nmont
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internal organization shall be as specified in 4.4.1 through 4.4.3.

4.4.1 Cable routing within equipments or racks. Fiber paths

within equipment or racks shall be established using single or

nmultifiber cables. Buffered fibers shall not be routed within

equipment except on circuit cards (see 4.4.3). Fiber optic cables

shall be routed within eguipment or racks using routing hangers or
-

other routing structures. The cable runs shall be routed so that they
will not interfere with maintenance activities and do not exceed the
specified minimum bend radius. Cable runs shall be made with

sufficient cable length to allow for connector replaE;ment or repair.
Cable runs shall have ample slack to permit opening and closing of
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doors and sliding of racks. All cables should be fastened at
abnronrlate Doints to prevent damaae caused by excessive motion,
bending, chafzng or plnchlng at hinges. Cables may be secured with
grasshopper clips, velcro, RTV, adhesive or cable ties if necessary.
If cable ties are used, they shall be adjusted so that the cable is
loosely held. Do not over-tlghten cable ties as they may damage the

fibers.

4.4. te 1 equipment kK ¢ ectjions.

NI
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internal equipment or equipment rack connections shall use single

fiber connectors in accordance with MIL-C-83522/16 or single fiber

L R 2SS A L SR AL g LS il MWL wMidliwe

splices in accordance with MIL-S-24623/4. Slngle fiber connectors
shall be mounted on custom made patch panels using panel mount
adapters or module frames or shall dlrectly mate with equipment
transmitters and receivers. Single fiber splices shall be mounted in
splice trays (per MIL-S-24623/4) or custom made splice holders mounted
within the equipment or the eguipment rack. Single fiber connectors
or splices shall not be loosely placed inside equlpment or equipment
racks or held in place with cable ties or safety wires.

P RS e Ty | .

or eguipment rack connections shall be

approved by the F1b¢' Optzc ograe Office. This applies to card

Tntayrmal

edge connectors, drawer connectors or module connectors. Internal
equipment or equlpment rack connections may be made using hybrid
connectors containing both electrical and optical connections within
equipment or equipment racks. If hybrid connectors are used internal
to the equipment or equipment rack, these also shall be approved by

the Fiber Optic Program Office.

4.4.2.2 +ifiber i rne onnections. Connectors used for
i .

:!
N
1
LB,
i
ﬁ
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4.4.3 Cable or buffered fib uti on circujt ds. Slngle
fiber cables or buffered fibers shall be routed on c1rcu1t cards usxng
P [ ey

RTV, adhesives, routing fixtures and clamps. All single fiber cables

or buffered fibers shall be mounted to the circuit card at intervals
not greater than 100 mm. The height of any part of single fiber optic
cables or buffered flbers from the circuit card shall not exceed the
height of the taliest component on the circuit card. Buffered fibers
shall not extend beyond the edges of the circuit card. Single fiber
cables and buffered fibers shall not be routed in contact with circuit
carc components with external temperatures in excess of 85 degrees
Celsius (°C) Slngle fiber cables and buffered fibers shall not be
routed with bend diameters less than 50 mm. Any fiber exiting a
circuit card shall be a jacketed fiber.
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S. DETAILED REQUIREMENTS

5.1 General. This section details the optical link design
process. The system communication requirements and system physical
configuration information are required in the optical link design

process, so those aspects of the system design must be complete before
the link design process begins. This section leads the optical link

PPy S, - - Py SN E . PRI, P R
dﬁb dynesr uu:uugu the Gc > il PLOCESSE 41l dall ViusLllYy mailier . Luxuuguouc
the process, the inform n and decisicns that are reguired in order

hichlighted. Thie section addresses those

dec1sions involved in the design of the optical link including the
fiber tradeoffs, passive component decisions, and optical-to-
electrical and electrical-to-optical conversion components. This
section does not, however, address the electrical circuit design
necessary to support the electro-optical components (for example,
source drive circuits, detector amplifiers, and so forth) The

tomadanfCfoa anmcmamndadrd --J&L deban v A P Camenmwnd mmemen e o dewe vos dl s b
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link are discussed in 5.2. An overview of the link design process is
given in 5.3, detailing the system configuration and component

performance 1nformatlon that the link design er must have available

during the design process. Detailed optical loss and bandwidth

budgeting formulae are given in 5.4 and 5.5, respectively.

Adjustments that can be added to the loss budget are discussed in 5.6.

Reliapility predictions for the standard Navy fiber optic component

types are given in 5.7. Section 5.8 describes the fiber optic design
in Annandirrae A and R

—— e AR WTW V wed wewa 22 weAsws

5.1.1 Maintainabjlity considerations. The maintainability
considerations herein should be considered when designing the fiber

optic link.

5.1.1.1 Repajrabjlity. Throughout the design process, the
design engineer must ensure that optical components are accessible and
easily repairable at the organization and intermediate levels.
Special consideration should be given to those components located in

equipment drawers and racks as follow3°

a. Provide cable service repair loops with enough slack for at

least two reconnections.
b. Allow enough slack in cable routing so that minimum bend

——al 2 -
I'aull are not exceeaeaq.
r~ DAattta ~ahlace A myrAatriAdan myeadbroantiAanm fram charem adanm amad
- o VU WET waAWieCD W LV VAUE MlVETWLAWVIL LI VU Sllald py TUYTO aiilu
moving joints.

5.1.1.2 Logistics. Standardized components, tools, and test
equipment should be specified when possible to reduce logistic support

problems.
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5.1.2 System spare and redundant optical paths. System required
S L. «___a - Py NP T T S e e s D meam D bee lm mevomds ouws
Spare andad requndant 1i1pers 5n0uia pe Consiaereqa vy uvue sysceun
designer. If the FOCP (see 4.3.3) is used, additional spare and
redundant fibers will be included in the cable plant design.

5.2 Component selection. There are several basic component
tradeoffs that must be considered during the optical link design
process. Component requirements and recommendations of component
selections for different applications are discussed in 5.2.1 through

5.2’12’

5.2.1 Optical fiber. Two standard fiber types are available
for use, 62.5/125 um multimode and single mode fiber. The standard
multimode fiber is recommended for use unless the link data rate
requirements are beyond the bandwidth limits of multimode links. For

high data rate systems (data rates beyond the limits of available LED
sources) single mode fiber is recommended. Optical fibers used in
Navy tactical applications shall be in accordance with MIL-F-49291/6
and MIL-F-49291/7. Multimode fibers used in Navy nontactical
applications shall be compatible with the 62.5/125 um fiber.

e 2 9 Dl Armdisn ~akla 21] Fibhoayr Antis ~Aatlmle nea’d in Nauvwn
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tactical and nontactical applications shall be in accordance with KIL-
C-85045.

5.2.3 £Ein i o . Single terminus connectors

used in Ravy tactical applications shall be in accordance with MIL-C-
83522/16. Connectors used in Navy nontactical applications shall be

compatible with MIL-C-83522/16 connectors. Use of the connectors
within a given link or location shall be as specified in 5.2.10 and
5 92 11

- o b e Ad o

5.2.4 Multiterminus connectors. Multiterminus connectors used
in Navy tactical and nontactical applications shall be in accordance
with MIL-C-28876 and supporting specification sheets. Use of the
connectors for external connections shall be in accordance with

5.2.10.

5.2.5 Splices. Single fiber splices used in Ravy tactical and
nontactical applications shall be in accordance with KIL-5-24623/4.
Multifiber cable splices used in Navy tactical and nontactical
applications shall be in accordance with MIL-S-24623/5. Use of the
splice within a given link or location shall be as specified in 5.2.10

5.2.6 Switch. The fiber optic switches used in Navy tactical

applications shall be in accordance with MIL-S-24725.

AL
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5.2.7 Coupler. The fiber optic couplers used in Navy tactical
pplications shall be in accordance with MIL-C-24621.

5.2.8 Interconnection box. The interconnection boxes used in

Navy tactical and nontactical applications shail be in accordance with
MIL-I-24728.

5.2.9 Iransmitter types and features. Fiber optic transmitters
for use in Navy tactical applications shall be in accordance with MIL~
T-24721. DIP or butterfly lead hybrid microcircuit packages are

rarsrAammanAda
A W WAMLITLINMG

~
-l o

5.2.9.1 Transmigssion wavelength. The standard Navy transmission
wavelength is 1335 * 45 nm. All tactical data links shall operate in
this wavelength range. Nontactical links may operate in other
wavelength ranges, but general purpose test equipment for fiber optics
may not be available shipboard to support other waveiengths. All
links with data rates beyond 20 Mbps should use the standard Navy

transmission window.

SLED or ELED transpitters are recommended for use aboard Navy ships.
In links that are marginal in power or bandwidth, ELED transrmitters
are recommended. In links where the transmitter will experience large
temperature variations, SLED transmitters and constant power control

c1rcu1try is recommended. The use of SLD transxntters is not

recommended. If LED transmitters do not have sufficient data rat és or

cannot provide a sufficient loss budget, laser transmitters may
used. If laser transmitters are used the laser FWHM spectral wi

5.2.9. Multimode fiber links. Multimode systems with either

(S

ﬁ.
rf
=4

shall be greater than 5 nm.

5.2.9.3 gSingle mode fiber links. For single mode fiber links
laser transmitters are recommended. It is also recommended that laser

transmitters have output power control circuitry. 1In links where the
transmitter will experience large temperature variations, TE heaters
and coolers are also recommended.

5.2.10 Egquipment external connections.

5.2.10.1 Stand-alone equipment. Heavy duty MIL-C-28876

connectors are recommended for stand-zlone eguipment external
interfaces. Cable penetrations shall be used for equlpment external

interfaces only when link loss budgets are not acceptable using a
heavy duty connector interface.
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5.2.10.2 Rack mounted equipment. Light duty MIL-C-83522/16
connectors are recommended for rack mounted equipment internal
interfaces in multimode fiber links. Single fiber cable pigtails with
light duty splices shall be used for rack mounted equipment internal
interfaces in multimode fiber links only when link loss budgets are

not acceptable using a light duty connector interface. Single fiber

cable pigtails with light duty splices are recommended for rack

mounted equipment internal interfaces in sxngle mode fiber links.

recommended rack external interface for all links is a cable

penetrator. A heavy duty MIL-C-28876 connector shall be used only
ArmAanmacrtas ara rarmirad

) P s d mle cem
wihnen YUilCA 1a l.ok dis >onne Cts and reconnecis are ATHUAL T,

The

5.2.11 Cable plant terminations. Light duty MIL-C-83522/16

connectors are recommended for all connections within interconnection

boxes for multimode fiber systems. Light duty MIL-S-24623/4 splices
shall be used within interconnection boxes for multimode fiber systems
oniy when loss budgets are not acceptabie using 1ight duty connectors.

Light duty MIL-5-24624/4 splices shall be used for all connections
within the interconnection boxes for single mode fiber links.

§.2.12 Receiver tvpes and features. Fiber optic receivers for
use in Navy tactical applications shall be in accordance with MIL-R-
24720. DIP or butterfly lead hybrid microcircuit packages are
recommended. Receivers using PIN diode or PINFET detectors are

recommended for all data links. Receivers using APDs are not
recommended. All receivers shall contain link diagnostic circui

All receivers shall contain link diagnostic circuitry.

5.3 i de ition and desjgn.

5.3.1 General. This section details the system and component
information that is needed in order to complete the link design. 1In
some cases the required information may be obtained directly from the
component manufacturers. In other cases the information may be

calculated or estimated from manufacturer information or a related
parameter. In those instances when calculations from one section are
regquired as input to another section, the appropriate section from

In those

which the information can be obtalned is identified.
instances where the component information may not be available,
guidance on how to estimate the value of each unknown parameter is
provided or typical values are suggested. The use of estimated values
for most parameters is not recommended except in the initial design
process where the general feasibility of the link is being determined.

5.3.1.1 Design process. Fiber optzc link design is a multistage
process. Figqure 17 is a flow diagram of one approach to the link

=2 2 Ay -

desxgn process. Figure 17 indicates the information requ fed and the
decisions to be made at each stage of the design process. Other
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FIGURE 17. Piber optic 1link design process.
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conditions are given and

the decision process 1s rearranged may be required in some cases.
Regardless of the link design process used, it may be iterated
numerous times to compare different link de51gns and evaluate
tradeoffs. This section divides the information reguired into groups,
each group corresponding to a different aspect of the design and to a
different section of this document If specific evaluations are belng

.
) Y
»

Zens o - o -~ o~ - Py ) b [P PN oy - - P
made (such as the end-to-end loss budget), the equations necessary to
$
perform the evaluation can be used individually.

5.3.2 Initial link definition. Before beginning the link design

process, the following system information must be obtained:

the total link length (or the lengths of all the sections)

the types and number of passive components in the 1link (for

example, the number of connectors splices, switches and so
Pt e ey o ot ol o > man emmene -

forth, including any componentcs a ed for repair

a.
b.

1 ow
4AOUW

situati nru:\

P wwmla A Wwiio

c. the generel layout of the link including the order of

components and the distances between components
d. the link data rate, data format (manchester, 4B/5B, and so

forth), and required BER

r the initial link information has been obtained, the following
lces must be made:

a. the fiber type
b. the optical transmitter central wavelength
c. the type of optical transmitter (ELED,SLED, laser and so

forth)
5.3.3 Desiagn evaluations.
5.3.3.1 Bandwidth. When the initial link definition is

complete, did valuated
distortion limitations ex15t. This is accomplished through distortion

budgeting. In order to calculate the link distortion budget the
following information must be obtained:

the candidate design is evaluated to determine if any
18T

a. the fiber zero dispersion wavelength of the fiber (EIA/TIA-
455-168) or its numerical aperture (EI2-455-177) (see
8§ 4 1 4 )

b. the dispersion slope at the fiber zero dispersion

wavelength (EIA/TIA-455-168)
c. the root mean square (RMS) or FWHM spectral width of the
optical source/transmitter (EIA/TIA-455-126 or EIA/TIA-455-

127)

w
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d. the modal bandwidth of the cable or the minimum specified
modal bandwidth of the cable (EIA/TIA-455-30 or EIA/TIA-455-

\
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e. the source/transmitter 10 to 90 percent rise time (ETA/TIA-
526-4)

After the distortion budget is calculated, the source/fiber exit
bandwidth is compared to candidate receiver input bandwidth
requirements and acceptable receivers are identified. If Spelelc
manufacturer receiver specifications are not known, the source/fiber
exit bandwidth should be compared with Navy receiver specifications to

assess the link design.

5.3.3.2 Loss. After the link design has been evaluated for
distortion limitations, it is evaluated for optical power loss
limitations. This is accomplished through loss budgeting. In order
to calculate a link optical loss budget, the following information
must be obtained:

a. the installed cable attenuation rate for a restricted launch
condition (BIA/TIA-455-46 with EIA/TIA-455-50) at the

nominal wavelength of operation
b. tvpical cable transient loss data for the overfilled launch

(OFL) condition (see section 3.1.1) at the nominal
wavelength of operation

c. the loss of each connector, splice, attenuator, or switch
path in the link for & restricted launch condition {EIA/TIA—
455-54 Method B) at the nominal wavelength of operation

d. the loss of each connector, splice, attenuator, or swltch
path in the link for an OFL launch condition (EIA/TIA-455-34
Method A) at the nominal wavelength of operation

e. the loss of each passive branching device path in the link
(EIA/TIA-455-180) for both the restricted and OFL launch
conditions at the nominal wavelength of operation

£. the loss of any cther component in the link for both the
regtricted and OFL launch conditions at the nominal

wavelength of operation
g the average output power of the source/transmitter
h. the typical coupled power ratic (CPR) value of the
source/transmitter (see appendix A)

.

NOTE: The cabled fiber attenuation and the cabled fiber transient 1loss
generally will not be the same as the precabled bare fiber attenuation

- la A e Risr aTals &2

or the precabled fiher trancient loss.
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include the losses of the connectors/splices required to connect that
component into the link. The connectors/splices used to connect fiber
optic components into the link should be identified separately from

the components that they are connecting.

In calculating the loss budget there are a number of correction terms

s A

n may be included. In order to caiculate these aujusments to the
G [
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calculated for the maximum loss situation and for the minimum loss
situation (for applications where the active devices are to be used
with cable plants of different lengths or complexities). Once the
rminimum and maximum link loss budgets have been calculated, the power
available at the receiver can be compared to the candidate receivers’
average sensitivities and max;mum average 1nput optlcal power levels
at the desired BER and the link receiver can be selected.

5.3.4 Link viabilitv. At each stage of the design process there

are numerous decisions to be made which may affect the v1ab111ty of
the link design. If, after the distortion and link loss budget
calculations are complete, no receivers are found that will meet the
link reguirements, the link designer should reconsider earlier
component decisions.

£.4 Nierartimrm hiidaadr{mer
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5.4.1 General. This section details the calculations for
determining the source/fiber exit bandwidth as well as the total fiber
optic link bandwidth. This information is compared to the fiber optic
receiver input specifications or to optical link requirements to
determine if distortion limitations exist. This information can also
be used to calculate link loss budget correction factors for
distortion effects (see 5.6.4 and 5.6.5). Only the fiber opti
tragsl_nittgr ontical nah‘lo and fiher nntlc receiver are inclu
calculations for the total optical link bandwidth. The effects of any
other components on link bandwidth are negligible and, except for
extreme cases, tend to increase the measured bandwidth. (The discrete
link components filter out higher order modes in the link, causing an
1ncrease in the measured bandwidth. Therefore, iqnoring their effect
at;Ve approacn ) Lnrougnout this snanaara, all references

ji
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component when stimulated with an input step function. The bandwidths

are specifically referred to as either a -3 dB or -6 dB bandwidth

measured in the electrical domain. Relationships between commonly
specified parameters for each of the components are identified to help
convert manufacturer’s information into the proper form. 1In each
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equation the units of each variable are stated. If the manufacturer’s
information is in unlts other than those stated, the information must
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transmitter is specified by a -3 dB bandwidth, this bandwidth can be
converted to a rise time assuming that the transmitter has an
exponential time response. The rise time associated with the -3 dB
bandwidth is given by
_0.35
I B“’, 2)

ct
L]

Lol
b
—

where t, is the transmitter rise time (in seconds) and BW, is the
transmitter bandwidth (in Hz).

5.4.3 gticai cablg

. The opticai fiber may cause temporal
degradation of the opticail

gnal in two ways. In a multimode fiber

si
each different mode has a slightly different group velocity, so that
relative delays are introduced between different modes at the fiber
output end. This type of distortion; called multimode or modal

distortion, is described by the modal bandwidth of the installed
cable. Modal distortion affects only multimode fibers. The other
distortive effect introduced by the fiber is caused by the relative
delays experienced between different wavelenoths of llght at the fiber

[ S

~ e PR 1 [ s+ T S S G

exit enu. This type of distortion arises from several factors and is
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upon the actual shape of the fiber optic transmitter optical spectrum
and the fiber’s response to this spectrum. Chromatic dispersion

affects both single mode and multimode optical fibers.

5.4.3.1 Mogda] distortion (multimode fibers only). The modal

bandwidth reported by the fiber or cable manufacturer (EIA/TIA 455-30

or EIA/TIA-455-51) is defined as the -6 dB electrical bandwidth (-3 dB
P V- T O | 1_...._}-.-.]&.\.\ _____ P S Qe e TY 3 — Y e 3. | . DR g W 2 _
UpLiLad Maliliuwiduil) . UBII&:LC&L.L’, wile i1NiStalilieq Caplie mOdal oanawilida PR
nnf moacnivran T4+ wmarv hno ctrimatroar Fram +he ~a2hla marmrfam~tiivar’/ -~
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normalized modal bandwidth data or normalized modal bandwidth minimum
specifications as

5w

BHgigy = — (2)
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installed cable length (in km), and vy is a length scaling factor. For
different cables y ranges between 0.5 and 1.0 (the fiber manufacturer
may provide, upon request, a recommended value of y for their fiber).

-

If a value of v is not avallable a value of 1.0 ould_b; u;ed for
lengths greater than 1 km and a value of 0.5 should be used for

lengths less than 1 kn.

5.4.3.2 Chromatic dispersjon. Chromatic dispersion is commonly
divided into two types: first order chromatic dispersion and second

u;v;ucu A0 TWO wYpesS.

order chromatic dispersion. At wavelengths far from the fiber zero
dispersion wavelength, )\,, first order chromatic dispersion effects
dominate the overall chromatic dispersion. At wavelengths near ),,

second order chromatic dispersion effects dominate the overall
chromatic dispersion.

5.4.3.2.1 First order chromatic dispersion. If the fiber optic
transmitter is assumed to have a Gau551an spectrum, the first order
chromatic dispersion impulse response is Gaussian (see 6.3e for more
information) and the rise time, td,(in seconds), associated with
first order chromatic dispersion is given by
where o, is the fiber optic transmitter RMS spectral width (in nm), D
is the fiber dispersion at the fiber optic transmitter centroid
wavelength (in s/nm-km), and L, is the installed fiber length (in km).

5.4.3.2.2 Second order chromatic dispersjon. If the fiber optic
transmitter is assumed to have a Gaussian spectrum, the second order

chromatic dispersion impulse response is a modlfled exponential and
the rise time t_, (in seconds) associated with second order chromatic

dispersion, is given by

o~
[
~

\

.
™
ectral width \;ﬁ D

v
}

-

where o0, is the fiber optic transmitter RMS s n
is the fiber dispersion at the fiber optic transmitter centroid
wavelength (in s/nm-km), L is the installed cable length, S is the
dlspersxon slope at the fiber optic transmitter centroid wavelenath
(in a/mr-):n) , and A\, is the fiber optic transmitter centroid
wavelength (in nm). Additional information can be found in 6.3d and
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fiber dispersion and the dispersion slope (in s/nm’‘km) at the fiber
optic transmitter centroid wavelength can be obtained as follows:

- Sea - (_4_9)‘] (s)
¢ el AL
4
s:fﬁ[1+3(l°” (6)
4 X,

where A, is the zero dispersion wavelength of the fiber (in nm), S, is
the dispersion slope at the zero dispersion wavelength (in s/nm’-km),
and A, is the centroid wavelength of the fiber optic transmitter (in

nm) .

5.4.3.3.1 Centroid wavelength. If the centroid wavelength of an
LED transmitter is not known, it may be approximated using the FWHM
center wavelength (in nm) as follows

Ao = Appp = 70 (7)

where the 7 nm shift is introduced to take into account the
nonGaussian shape of the typical fiber optic transmitter optical
spectrum. For laser sources the centrocid wavelength is approximately
equal to the FWHM center wavelength. Additional information can be

found in 6.3f.

5.4.3.3.2 gSource RMS spectral width. If the source RMS spectral

width is not known, it may be approximated (assuming a Gaussian
optical spectrum) using the FWHM spectral width (in nm) as follows:

OIMDI (8)

5.4.3.3.3 Zero dispersion wavelength. For germanium doped

silica optical fibers, the zero dispersion wavelength (in nm) of the

fiber is not known, but the fiber numerical aperture is, the zero

dispersion wavelength may be estimated using the following relation
A, = 1221 + 426 NA (9)

where NA is the fiber numerical aperture. The fiber numerical

56
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aperture can be obtained from i er
approximated by using the specification value for the
dispersion slope at the fiber zero 4 ion wvaveler
a value of 1.1 x 10" s/nm’ km i

found in 6.3g.

5.4.4 Piber optic receivers. The fiber optic receiver is
generally specified by the 10 to 90 percent rise time. If the

receiver is specified by a -3 dB bandwidth, this bandwidth can be
converted to a rise time assum1ng that the receiver has a raised
cosine frequency response. The rise time associated with the -3 dB
bandwidth is agiven bv

- g eavess: ay

£, = 9:33 (10)
° BW:(-J)

where t, is the fiber optlc receiver rise time (in seconds) and den
t ber optic recelver -3 dB bandwidth (in Hz). Additional

. - b
a

< -~ ~ <
400 Can o€ Luuuu Lll O..)u.

5.4.5 Svstem bandwidth. The fiber optic transmitter, rec eiver,

fiber modal, first order chromatic and second order chromatic
distortions are effectively independent. Therefore, the RMS widths of
the components’ impulse responses may be added in a RMS fashion and
conversions made to bandwidth and risetime. If this is done, the
result gives the total optical link or system rise time. It is given
hu

vl

(1.2 £,)2 + cm=,(%5_°£]z+(__.§_5_f+ (0.94 c,)z} (11)

T \ vz )

where t; is the total optical link or system rise time and the other
variables are defined as before. The total optical 1link or system -3
P ]

- L Yoo

X D 2 —
"o Maliuwluwil A5 gaven oy

[r 2 e N . Ny . \2 / . \21
BR. = 2 4 | —=ca | ( “eds + 1
Ti=a) “ o.zeJ (0.34J 0.25} 0.52 BW,, , o 36

where Bwnm is the total optical link or system -3 4B bandwidth (in
Hz) and the other variables are defined as before. If the
source/fiber exit rise time or bandwidth is being calculated, remove

the term for the receiver from each of the above egquations. For

w|o-a

N
adej
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single mode systems calculations, remove th
each of the above equations. Additional i
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tions The above equations are used

§.4.6 Avpnlving the ecaa
many ways. During initial link design, these eguations are used to
conduct tradeoff analyses for dlfterent transmitter, receiver or fiber
choices (see 5.3). If the link design utilizes a previocusly installed
fiber optic cable plant or previously obtained fiber optic
transmitters and receivers, the above equations are used to determine
the requirements for the undetermined components of the link and
C

evaluate the Sultablllty of any proposea components, Or

cndnges, for the L.L.ﬂ!\

5.4.6.1 FEvaluation of the viability of link construction. Most

fiber optic receiver manufacturers define a specific maximum input
rise time or a minimum input bandwidth required for proper receiver
operation. In this case, the above equations allow the calculation of
either source/fiber exit bandwidth or rise time to evaluate the
If the calculated
ot adeguate for th
en

rr#-h
L At

1]

|9
= v
“©v 1)

chanaged to

allow proper oneratlon. Proner operatlon in some cases is accompanied
by a requlrenent for a sllghtly higher anut power level to the fiber
optic receiver. This effective change in the fiber optic receiver
sensitivity as a function of the fiber optic transmitter/cable exit
rise tlme/bandw1d th is referred to as the dispersion power penalty and

is described in 5.6.4.

H " ra

[ A £ o Dardisrs A4l VT smidtdadrirnne Arrta A AScrmarcismam Trm *hmAaca ~acac
Je%.09.¢ 22usﬁ&Mxu_&AaLxsx#xuz_xss_xz_xagzsggAgu- 4+ Lalse Lases
where either the detailed fiber optic receiver information is not

known or the general use of a flber optic link is being evaluated,
general dlstortlon design guidelines based on classical communlcatlons
theory are used to identify bandwidth limitations. Using the Nyquist
criteria, the minimum channel -3 dB bandwidth must be at least

one- half the link baud. This lower limit for the link —3 dB bandwidth

link due to timing and phase distortions. & more conservat1Ve
approach is to reguire the total optical link -3 dB bandwidth to be
areater +than 0 7 aAaf +he 1ink hanAg That iS¢
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BWp_yy 2 0.7 baud

2 0.7 E bit rate

W d uul

where BWr, is the total optlcal link -3 dB bandwidth (in Hz) and the

link baud is equal to the bit rate nultlplled by the link‘s bi
om

___________ &L o cndn on o P

to baud conversion factor u:) . The conversion factors for

-~ < h e
typical digital coding formats are given in table VI. 1If the above

total optlcal link -3 dB bandwidth is equally allocated to the fiber
optic receiver and the source/fiber pair, the minimum -3 dB bandwidth

(1n Hz) for the fiber optic receiver and the minimum source/fiber exit
electrical bandwidths are given by

(8
O
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Table VI. it r to baud conv i tors.
[ == L ——_—
Digital Coding Format
NRZ (level, mark or space) 1
RZ 2
Manchester 2
RZ-PPH (pulse position) 4
RZ=PDM {pulse duraticn) 3
Biphase (level, mark or space) 2
Miller 2
NRZ Bipolar 1
RZ Bipolar 4
Bipolar AMI (alt mark inv) 4
mB/nB n/m

5.5 Loss budget.

General. This section details methods for the
a loss budget for a fiber optic link. These methods

b nf

low ter designer to evaluate the tradeoffs between the system
length, number of connectors, cable loss, and different transmitter
and receiver combinations. The purpose of a loss budget is to ensure
that sufficient optical power is delivered to the receiver over the

anticipated life of the system.

11
Cua
ow

poQ
(s

.)-JoL-J. ru;uk*\. *Hv;llk g;u-_:’ vu\-;w ian e aa - Al a
optic link consists of a transmitter, a receiver, and an

interconnecting optical fiber. Figure 18 is a schematic dlaqram of a
peint-to-point fiber optic link. (The diagram is generic in nature
and is not intended to be a design recommendation or representatlve of

any particular installed link. It is intended to aid in describing
common fiber optic components

the loss budgeting process by showing

and their possibie configuration in a 1limk.) Although individual
point-to-point links are cocnsidered for aralysis, the overall fiber
optic topology may contain branching devices such as splitters and

switches. 1If this is the case, then every pos siblé
transmitter-to-receiver fiber path must be modeled as a point-to-point

link in the loss budget process. An optical transmitter, receiver,
multifiber cables, jumper cables, connectors, splices, and "other

passive device" comprise the system in figure 18. It is assumed that
the transmitter opt1ca1 output is located at a connector. The

connector may terminate an internal or external pigtail or be integ
to an active device mount. Likewise, the receiver optical input is=
agsumed to be located at a connector. The link may include 'n.unper

cables for interconnection purposes, such as 1nterconnect1ng a

60
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transmitter to a cable at a patch panel. There may be one or more
multifiber cables including local cables and trunk cables. The total
length of each jumper or cable must be known. As described in 4.2.2,
splices are used to provide permanent connections between two optical

=z yb
fibers, and connectors are used to prov1de changeable connections
between two fibers. The "“other passive device" represents an optical
switch, coupler/splitter, wavelength division multiplexer (WDM), and
so forth. The total number of splices (including allocated repair
splices), the total number of connectors, and the total number of

"other passive devices"™ must be known in order to determine the loss
htsr‘n )

ge\.o
Junmper
Connectors Splices Cable
| | i l _ f
Y Y | A | | other | Y
i Transmitter !P - O —0 o c—] d?assive b O0—7 ‘Jnaca.rv-ez
' l I l Device l I
] | o
I
g Lo P N o g 1y B

FIGURE 18. Fiber optic svstem schematic.

5.5.2 Component loss parameters. The manufacturers should
provide attenuation values (dB/km) for any jumper cables and
multifiber cables, loss values (dB) for the discrete components, the

transmitter output power (dBm), and the receiver sensitivity (dBm).

For single mode systems, the values of cable attenuation (EIA/TIA-455-
78), interconnection device loss (EIA/TIA-455-34), and passive device
loss (EIA/TIA-455 180) should be provided. For multimode systems, in
order to obtain the most accurate design, cable attenuation values

(EIA/TIR-455-46 with EIA/TIA-455-50) and cable transient loss data
(see section 3.1.1) should be provided. 1In addition, v

=3 SLesasay

restricted launch conditions (EIA/TIA-455-34 Method é
interconnection devices, or EIA/TIA-455-180 for passive branch
devices) and overfill launch conditions (EIA/TIA-455-34 Method for
interconnection devices, or EIA/TIE-455-180 for passive branching
devices) should be provided for the passive components. If the
manufacturer aoes not normally prov1de cable transient loss data or
both the restricted and overfill launch loss values for multimode

products, the manufacturer should be asked for guidance on how to
estimate the missing information for their product. The p

rorma o e oV e
values should be representative of current production and should be

&
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-
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component. The values ma be either worst case values or the mean and
k3 _ A = - = o 1

standard deviation o
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2 multimode link is dependent upon the Mode Power Distribution (MPD)
(EIA-455-109) of the socurce, the component’s location in the link, the
types of components which precede it in the link, and the component’s
own MPD sensitivity. The loss values provided by component
manufacturers do not account for these dependencies. Furthermore,
these dependenc1es are complex and not easily predictable. The

—— e m o Bae e PR 2 — [ . o e - Py PR Y N PRI, IRt - e
procedures outlined in this document take these dependencies into
aAmsATIM e memvriAa = aane Af nyradictinag mnlesrimada 1inlr 1nace

4 N y& WV AWAdT <« A -9 ¥ =4 UL "‘ ;u‘vb“" MIE A o A o h e - b b AT -

5.5.2.2 Total link less. For the most conservative link loss
design, overfill loss values for all of the passive components and the
transient loss of the cable should be used in the link loss
calculation. In most cases this conservative approach will
overestimate the total link loss. The total loss of a multimode fiber

At Is~s Tinl e haad acgtimatra’ld oy netne 1Aace valnnae +hatr 2va haturasn a
CPwil 41l 1S5S OS¢ S5 Cilaicel LY USAIDNT 4TSS VaausSs Uidde alc LeiLweld a
restricted launch condition loss value and the OFL loss value

IAdultlonal information can be found in 6.3h.). The exact value of
this loss number is dependent upon the mode volume excited by the
source, the complexity of the link and the effect of each component on

the mode volume. This loss value 1s expressed as

L., = L-IPDM + K(L-lm\ - L-lp-r\) (15)
A A \Ndal ) NS be] A N\ln> |
where is the comnonent over loss value (in 4R) I.... is the
nent er ioss value (1n 4dB), L,qq5 cCh

) P
s -X(UFU - b i
combonent restricted launch cond n loss value and K is a constant

which can have a value between 0 and 1. A K value of 1 indicates that
the light source tends to fill most of the fiber modes and is typical
of most surface emitting LEDs. A K value of 0.5 indicates that the

et 1.
e
0 1~

source does not fill some of the fi ber nlgner order modes and 1is
typical of most edge emitting LEDs. K value of 0.0 indicates that
ha iy~ mmYer €911 &ha T A vAs- e wmmrdmam A€ eha €3lAas arnAa . -~

i DWW A Mitd Y A dALAD il AdUwWT L Vi wuucl MWMUUCTSO VL [SY P4 — & AL Qalivad Pe—g
typical of most lasers. The value of K that should be used can be

determined from Table VII if the source CPR value is known. The
source CPR value is defined as the difference (in dB) between the
total source power launched into the multimode fiber and the power
launched into the low order modes of the multimode fiber (see Appendix
A). If the source CPR value is not known, the most conservative link

design is obtained by using a K value of 1.
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.2.1 Transient losgs. If the link source substantially
overfills the fiber, the fiber may exhibit a transient loss. A

convenient way to handle this effect is to include a single term in
the design equations to account for this additional loss. The term is
called the transient loss and is represented by the letter T. The
transient loss for the link can be estimated from the cabled fiber

transient loss data using the cabled fiber transient loss value for

the cable at a length equal to that of the total link length. Table
IITY dmAt madtam rilham dhe toanmoatamd lTame avm oharylId e TrnAatinda’ld $n +ha
Vdd diIINdiCALEDdD wilti: Wi whQlloldTile AUDD VLM DIIVWUAW VWS LAIIwiWUSW LAl WIS
loss budget equation.
TABLE VII. ec ed v s .
Fiber Size Source CPR K Include
L § 2 PN 4 AW\ Mernmones 3 Avmd D
adlue (WD) dialiodciiei
] 0 to 17.0 0.0 ) no
62.5/125 um 17.0 to 21.0 0.5 no
21.0 to 25.0 0.7 to 1.0 vyes
(Conservative)
— -
5.5.3 Loss budoet egquation. There are two basic loss budget
methods that may be used. They are the statistical method anc the
vy o P (UG Sy~ ) M = amde e cnded ma Y % o et D e mde emmdebemsd mmeeow s PR OTEER  SON
wWULSL Cadct meElLliou. LEl€ SLAlLlISWICEL 1OBS DuugeL MELIIOJU bUlle.u Lo WIT
Nnrahah{li{+sace Af +ha wvAaretr raca Tace valniae £fA» a1l Tink ~ramnAanontc
ruvmu&&&h—‘-cg A i Wid & w wid oS - VA UWSGP - o o P Y S 4N vvu’lvcl(-‘l\-a

occurring simultaneously in a single transmitter-to-receiver link.
Each link component is modeled as a2 normally distributed random
variable. The total passive component loss is equal to the summed
mean component losses plus a multiple (X) of the RMS sum of the
components’ standard deviations. The value of X used can be
correlated to the degree of confidence that any

dr an o wn onw—. e -

[%% 4 auanu. bLeI-LU
1 nﬂ\ cates the

rTrY
4dd

0
o )
IRX:

vl
appllcatlons a mlnlmum value of 2 shall be used for (a 2 sigma
statistical design). The worst case method is based on the small
probability that the worst case component loss values for all link
components has occurred simultaneously in a single link. The use of
the statistical budgeting method can provide 2 more efficient use of
resources than the worst case method by reducing excess design margin.

[+,]
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TABLE VIII. Confidence Jlev atistical des .
Value of X Confidence Level
1 0.841
2 0.977
| 3 0.999 |

5.5.3.1 Statistical loss budget. For statistical design, the
mean (g) and standard deviation (o) of the loss values are used in the
design equation for each link component. If statistical values for a
component are not available, then the worst case method must be used
as described in 5.5.3.2. The statistical loss budget equation is:
0 < Pp=Pp-M-T-2-p,- loppe- dolpe+uy) —quw-Ns#s-No:—‘(g‘)

- X0+ 00,7 (150 500 % + 12l F + NG o + N0 &2+ Noo ]

where:
P;, 6, = The mean and standard deviation of the transmitter

output power (dBm). Aging and temperature effects may be
accounted for in the mean and standard deviation.

cy= The mean and standard de ation of the receiver

M = Safety margin (dB) for unexpected losses. For Navy non-
tactical applications a value of 3 dB shall be used. For

Navy tactical appllca‘t‘i(‘)ﬁi a value of 3 dB shall be used if

an environmental margzn is calculated (see 5.6.3). If an
environmental margin is not calculated, a value of 6 dB

Navy tactical appllcatlons.

-

shall be used for

kg, 6 = The mean and standard deviation of the
environmental margin (dB) for adverse operating conditions

(see 5.6.3).

A = Adjustments (dB) to the link loss budget including power
penalties associated with specific system designs and the
allowance for future upgrading (higher bit rates or
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wavelength division multiplexing) including additicnal
component losses as well as any additional power penalties
(see 5.6.1, 5.6.2, 5.6.4, 5.6.5, 5.6.6, 5.6.7, 5.6.8, and
5.6.9).

T = Transient loss (dB). This term accounts for the higher
fiber loss associated with the launching of power into
higher order modes by some link sources.

... a.., = The mean and standard deviation of the jumper

~jCi TiCi T =SSE TESESS

cable attenuation (dB/km).

1; = The total multifiber cable length (xm). This value may
include an allowance for cable repair or rearrangement.

i, = The average multifiber cable length (km) .

Q

Be, Oc = The mean and standard deviation of the multifiber
cable attenuation (4B/km) at the transmitter’s nominal

center wavelength. ¢ should include an allowance for the
supplier’s loss measurement uncertainty.

L, = The increase in mean cable attenuation (dB/km) above u.

at the wavelength within the transmitter’s center wavelength
range at which the largest mean plus two sigma loss occurs.
{The cable attenuation will tend to be higher at one end of
the transmitter central wavelength specification range than

at the middle of the range.)

No = The total number of connectors.

Beo» Cco = The mean and standard deviation of the connector
loss (dB). For connectors which will be mated and demated
repeatedly these values should include the degradation in
loss expected over the lifetime of the connector.

N, = The total number of splices.

s, G5 = The mean and standard deviation of the splice loss
(dB) .

—
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Ho, o = The mean and standard deviation of the "other
passive device” loss (AB). For switches which will
experience repeated state changes these values should
include the degradation in loss expected over the lifetime

of the switch.

In calculating the minimum link loss to evaluate possible receiver
saturation, the same equation as shown in_equation‘(17) is used

adjustments, the environmental margin and the standard deviations of
these terms should not be included. Additionally, the multiple of the
remaining standard deviations is added so that the egquation becomes
- 7 - - - -
Proax 2 Pr = lycboe = Ir(Be+ By) - Nobh o = Nsbbs - Ny
1 (17)
SX[oy (10,507 + 12102 ¢ N0 P + Ngo 2+ Noo P 2
where all of the variables are defined as in eguation (17)
5.5.3.2 Worst case loss budget. This method is used to ensure
that all transmitter receiver seeclgns will operate properly under
worst case conditions or when statistical values are not available for

the components. The maximum loss value is substituted for the mean
and zero is substituted for the standard deviation for each component
in tne link. The total passive component loss is equal to the summed

maximum component losses.
5.5.4 Statjistical assumptions. If the statistical design method
is used, the following assumptions are inherent in equation 16:

a All splice losses are uncorrelated with fiber losses.
b. Cable losses, except those associated with transmitter
wavelength variation, are correlated over the mean reel
iength but are uncorrelated from reel to reel.

c. The averages and tandard deviations are representative of
the products over time and sample sizes are sufficient to
warrant the use of Gaussian statistical theory.

d. The preoduct distributions are reasonably Gaussian in shape.
That is, they are not severely truncated, skewed, and do not
have large Lurtocls {thicker than Gaussian at the extremes).

For links with more than a few elements the link loss
probability distribution will approach Gaussian regardless
of the shape of the product loss probability distributions.

A
[0,
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5 i
explains various adjustments which may be made to a link loss budget
to account for degradations that may occur in fiber optic links due to
component interactions and any future changes to the link
configuration. Future changes may include such items as change of
operating wavelength, conversion to WDM or duplex operation. It is
straightforward to calculate the effect of these changes on the loss
budget. Other adjustments for various link degradations (for example,

_____ L Jppey PR JUp Ry

Al 2 —em d e m e ——— Q.
dispersion, jitter, modal noise, operating environment) are more
MAMA Wmavy \-\A Aa#av-n{ nad hir masne A nnmplex

A { .P' ‘ m‘ 1 t tc assegs * sv-lé AMCa J S Crds M 4 3N-NG U: G VL A

calculations; others are merely rules of thumb obtained from
experienced system designers. For each link degradation adjustment,

the following information is provided:

a. the common terms for the degradation (if applicable)

b. a brief discussion of its causes

c. how to determine whether the adjustment is applicable for
the design under consideration

4. how to determine its effect on the loss budget

5.6.1 nd u o . Optical fiber systems are

often upgraded during the lifetime of the ship to provide more
information capacity than the regquirements of the initial
installations. Typically, upgrades consist of either a change in
operating wavelength, an increase in the transnission bit rate or the

Nea A€ LINM +ambhnts miacs T
ST VA NG wEGIUIAGUTOS . &
0o
<

distortion budgets and 1

rlanned unarade. Loss bud
for each wavelength planned and shall include any additional

components to be added in the link (such as WDM couplers) and the
dispersion power penalty for that wavelength and transmission bit
rate. For upqrades which involve the use of WDM techniques, the
aujusmencs aescrlbec in 5.6.9 shall aliso be IDCLUQGG.

-—a A

additional

5.6_2 Aeri mex . ITn caneral the svcreae nover marain AF 2 €4 hae
. - ."- ARTAIMEISE * -y g aswa wmay " e P W rv"b -'“‘,“. - d L= o de AT A
optic link decreases as the components within that 1ink age. Most of

this is due to the effects of aging on the link active components and
has already been taken into account in the values used in the link
loss budget in 5.5. If the effects of aging on the transmitter and
receiver are not known, they shall be approximated by derating the
mean Or worst case source output power and the mean or worst case
receiver sensitivity by the amount shown in table IX. The values
shown are used as the failure definitions for active devices in the
determination of those device mean timee befors failurse (MTBF). For
the link passive components, aging is not generally considered to
affect their optical performance (except for catastrophic failures).

Exceptions to this are the insertion loss of connectors and switches
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that are expected to see repeated matings and dematings or repeated

state changes during their lifetime. The mean or maximum loss
increase over the lifetime of these components and the standard
deviations shall be cbtained frozm the component manufacturer and
included in the mean or maximum loss value used in the loss budget
(see 5.5.3).
TABLE IX. ctive device agj jeratj fact .
Active Device Derating Factor (dB)
LED/Transmitter - 1.5
Laser/Transmitter - 1.5
(with constant current)
: _____ n n
I Mbel / LL dllbml \.LBL VeV
] (with constant power feedback loop)
3
¥ .
+ 1.
Detector/Receiver 1.0
5.6.3 i . In general, the
link loss budget is affected by the environments that each of the
components is subject to. These environments may include extrene
conditions of temperature, bending, shock, vibration, or radiation.
Other environments may be present in specific applications.

5.6.3.1 Standard environments. Degradations that can be
expected of the Navy standard components in a worst case Navy

environmental scenario (excluding radiation) are listed in table X.
Fiber optic transmitters and receivers are not listed because their

performance spec1f1catlons should be stated for all conditions. If
< ~an E £ 02 " M

L 3 "N D i gy P . PPNy S —~ P X o L o Eomem weomdy ad e v o~ P-Yol ok
[SY9 14 P9IV ut.:b.‘.gu L- \’U auuuw [S3 & WVA bGBWULAN-AWIL, PO oo Veoedebe AL S P
of adverse environments on the link passive components can be
incorporated into the link loss budget by 1nclud1na into u; the mean

or maximum 1nducéd degradation of each component and anludlng into og
the standard deviation of that degradation (see eguation 17).
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Environmental Derating Factor (dB)
Fiber Optic Component Multimode Single mode
Mean Sigma Mean Sigma
Cable 1.35 0.45 1.35 0.45
. / /
Light Duty Connector 0.25 0.08 . !
A - ; R )/ Y,
Heavy Duty Connector 0.25 0.08
Light Duty Fiber 0.16 0.05 0.16 0.05
Splice
able Splice 0.16 0.05 0.16 0.05
1 / i
! Switch 0.35 0.12 ! !
c 1 v Y Y Y,
Coupler
¥V values for these components are not available. Contact the
NAVSEA Piber Optic Program Office for recommended values.
5.6.3.2 Nuclear radiation. The presence of nuclear radiation

may cause the total link loss to increase. This is due to the

increase in the fiber attenuation rate (fiber darkening) and the

increase in the loss of any lenses present in the fiber optic link.

The amount of the attenuation or loss increase in the fiber or lenses

is dependent upon the total dose of radiation received, the dose rate
= P Sy

S

+* P P - P .
i v CAPOUBULE, allQG Uil
f wre

B oo

protected from the radlation so that onlv nasszve combonents are
affected. The effect of radiation can be 1ncorporated into the loss
budget by including into kg the mean or maximum radiation induced
degradatlon of each component affected by radiation and including into
Og the standard deviation of that degradation (see egquation 18).

Total environmental margin The mean and standard
o 3 4 - desme leees
< a

re given Dby:

)
@ e 2

of +
o 4

E <

- e U e
deviation

.

:

= The total jumper cable length (km).
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(18)
Kcr O3c, = The mean and standard deviation of the

environmentally induced jumper cable attenuation (dB/km).

= A A o e s

ced jumper cable attenuation (dB/km).

1. = The total multifiber cable len,th {(km). This value may

include an allowance for cable repair or rearrangement.
1. = The average multifiber cable length (km).

ke, 0o = The mean and standard deviation of the
environmentally induced multifiber cable attenuation (dB/km)
at the transmitter’s nominal center wavelength.

Lpr; Opc = The mean and standard deviation of the radiation
induced multifiber cable attenuation (dB/km) at the
transmitter’s nominal center wavelength.

Ny = The total number of connectors.

Koo
.
A - h ] V= 3-3Y
environmentally induced connector loss (dB).

o )

Bren: Open = The mean and standard deviation of the radiation
induced connector loss (dB).

N; = The total number of splices.

ks, O = The mean and standard deviation of the
environmentally induced splice loss (dB).

[ 2D
&

Lps, Ops = The mean and standard deviation ¢of the radiat
induced splice loss (dB).

No = The total number of "other passive devices" of one
type.
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Bo: 0o = The mean and standard deviation of the
environmentally induced "other passive device R

HBro, Opo = The mean and standard deviation of the radiation
induced "other passive device" loss (dB).

There are a number of power

5.6.4 Dispersion power penaltv,
P Y- T 0 K X VYT Py Wt D G G . e a0 - oAy s s . —a .
penalties related to temporal distortion. In this aocunem:, t.ne
dispersion pover penalty is defined as the power penalty arising from

intersymbol interference problems generated by temporal distortion and
dispersion related pulse broadening. Because of the fiber’s finite
bandwidth, higher modulation frequencies are attenuated more than
lower frequenc1es, leading to an effective reduction of power at the
receiver. This power penalty can be thought of as the additional power
needed to be launched by the transmitter to compensate for the

reduction of power within each bit period due to distortion effects
within the link. The dispersion power penalty can be expressed as ten
times the logarithm of the system freguency response evaluated at a
frequency equal to the reciprocal of two times the bit period. 1If the
total link response is assumed to be Gaussian, this becomes
e
_f,-liezl baud | (19)

| BRp(3) |

where P, is the dispersion power penalty (in dB), baud is the link

baud (in bits
RHz) (see 5.4) ! 1
ls found in 6.3i and j. If the link transmitters and receivers are

available the dispersion power penalty can be measured using EIA/TIA-
526-10.

mode partition noise

5‘6.5 | Y P B W W V. Th a
(MPN) penalty is a dispersion related noise penalty which arises from
the use of multilongitudinal mode lasers as fiber optic link sources.

MPN in multllongltudlnal lasers (the tlme varying distribution of
power among the laser longitudinal modes) coupled with the fiber
chromatic dispersion reduces the signal to noise ratio (SNR) at the
llnk receiver In multimode fiber optic links, MPN also produces time
varying connectlon losses and results in 1ncreased modal noise (see
9) As long as LEDs or lasers with many longi udlnal modes are

£
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N R VY
Py = 0.5 |—2aud_| (20)
| B¥ax(-3) |
source/fiber exit bandwidth (in Hz). Additional information on mode
nartitlon noise can be found in 6.3i, k, 1 and m.

5.6.6 Single reflection power penalty. Another noise penalty

that arises when lasers are used as fiber optic link sources is the
le reflection (optlcal feedback noise) power penalty. The length
iber between the laser and the first point of reflection acts as
poor) external CEV1ty. The power reflected back into the laser
this external cavity disturbs the laser’s internal oscillation.
roperties of this external r'a\nt'v are time varyipg due to

-

mechanical and environmental varlatlons around the cavity. Because of
the time variations of the external cavity properties, the laser
cannot lock onto a mode of the external cavity and the laser output
becomes noisy. The single reflection (SR) power penalty 1is dependent
cular design and construction of the laser used. The

upon the parti

laser manufacturer should provide a value of the SR power penalty as a
function of the return loss of the first reflection. If the link
transemitters are available the SR power penalty can be measured using

EIA/TIA-526-11.

5.6.7 Modal poise pepalty. An additional noise penalty that

occurs when lasers are used as optical sources in multimode links is

the modal noise power penalty. Modal noise is generated when coherent
light is launched into a multimode optical fiber and is characterized
by a speckle pattern at the exit face of the fiber. This speckle

pattern is the result of the random interference of the many different

propagation modes in the fiber. Changes in the source wavelength or
MPN, as well as any mechanical or environmental variations around the
fibar, cause changes in the speckle pattern. At each interface, the
specxle pattern is dependent upon distribution of constructive or
destructive interference in the various modes. Since connector and
splice insertion loss and coupler splitting ratios are affected by

modal ncoise, the component’s loss may vary in time. Modal noise is
avoided in multimode fiber optic links if the laser used has many
longitudinal modes or is made relativ ely incoherent (see 6.3m). The

laser coherence can be destroyed by pulsxng the laser at a repetition
rate much in excess of the link baud (for example, dithering the laser
as done in self-pulsating lasers). When standard lasers with only a
few Longltudxnal modes are used with multimode fiber the modal noise

power penalty is not predictable. Values of the modal noise power
penalty may be as high as several dB depending upon the systenm des sign
and the particular laser used. Modal noise is not a problem in single
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less than 1 dB are used. In some cases the modal noise power penalty
will be infinite (for example, the link will experience a BER floor);
no amount of additional power will decrease the link BER. dditional
information on modal noise can be found in 6.3h, p and q.

5.6.8 i ity. Previous sections have considered

noise only with respect to signal amplitude. The relative amplitude
of such noise is expressed by the SNR. This section discusses jitter

which concerns a noise-like property of signal phasing or timing.
Jitter is defined as the short-term noncumulative variations of the
significant instants of a digital signal from their ideal positions in
time. Generally, the significant instants refer to that portion of

the digital waveform used for timing. Jitter is divided into two
types; deterministic and random.

Deterministic jitter is the component of jitter that is correlated
with a device transfer parameter and includes duty cycle distortion
attern dependent jitter. The magnltuae of pattern dependent

and pat

jitter is a function of the data pattern employed to measure it. 1In
practice, pattern dependent jitter measurements include both pattern
dependent jitter and duty cycle distortion so represent the total
deterministic jitter.

Random jitter is defined as that component of jitter that is
uncorrelated with any component of the affected signal or device
transrer paraneters. Random jitter is generated when a noise

contaminated, bandwidth-limited signal is processed by a threshold
device. Each component of the link contributes to random jitter
either directly by increasing the noise of the signal or indirectly by
further bandwidth-limiting the signal.

Jitter is manifested in a digital signal as the reduction of the eye
width in a eye pattern diagram due to the temporal spreading of the
transition region for both the leading and trailing edge of the pulses

(see Figure 19).

Mhao Sdtdaw T o Vil o o icemmded moe ol dedo ATV e 3 & o oo oo Y Yos
4die JiblEL Ll a 115 1S5S a Luniilun 1 une onk alna 1S usuailily
accompanied by an increase in the link BER. Typically, the increase
in the BER can be offset by increasing the powver available at the
receiver by some amount referred teo as the jitter power penalty. The

effect of jitter on system performance depends on the application as
well as the design and performance of the electronic components after
the link receiver. For applications in which repeaters are not used,
jitter is generally not an issue in 1link design. In many cases the

spectral content of the jitter is just as 1nportant as the magnitude

of the jitter. For example, when post-receiver components with low-
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Figure 19. Eyve Pattern.

pass frequency responses are used, these components will be relatively
insensitive to higher frequency jitter components. Typically, jitter
specifications cover a specified frequency range and test procedures

include filters to limit the spectral content of the measured jitter.

5.6.8.1 Total output jitter. The total output jitter in the
link is a function of the input jitter in the electrical signal

e cmwm o dede o ae
and the jitter introduced by the bLalmeth:,
n

the fiber, the receiver, and the clock recovery module. Each
corponent introduces both random and deterministic jitter except
the fiber, which only directly introduces deterministic jitter ¢
fiber contributes to the random jitter by decreasing the link
bandwldth) The transmitter contributes to the random jltter because
of noise present within the transmitter that modulates the digital
signal timing. It contributes to the deterministic jitter in the form

or

f
the

of pattern dependent jitter. The transmitters contribution to both
the random and deterministic jitter in the link is usually small. The
optical fiber contributes to determlni tic jitter in the form of data

dependent jltter due to its degrading of the signal bandwidth. The
optical receiver contributes to the random jitter by increasing the
noise level on the signal and deterministic jitter in the form of data
dependent )1tter. The total deterministic jitter of the link is the
algebraic sum of the constituent components’ deterministic jitters.
The total random jitter of the link is the RMS sum of the constituent
components’ random jitter. The worst case total jitter of the link
calculated by algebraically summing the total deterministic jitter

with the total random jitter.

5.6.8.2 Qi*te; budget. 2 jitter budget may be performed to
uate the jitter performance of a fiber optic link. Typlcally, the

e
PS4

m

eval

total output jitter from the receiver is compared to the maximum input
jitter requirement for the clock recovery module. The total
deterministic jitter (in seconds) is

where DJ, is the input deterministic jitter to the transmitter (in
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DIy = DJy, + DJpy + DJ, + Dy (21)
seconds), DJy is the transmitter deterministic jitter (in seconds),

- er
DJ,ls the fiber deterministic j' tter (in seconds), and DJ,, is the
receiver deterministic jitter (in seconds). The total random jitter

(in seconds) is

where RJ, is the input random jitter to the transmitter (in seconds),
RJyx is the transmitter random jitter (in seconds), and RJ,, is the

receiver random jitter (in seconds). The jitters of the input signal
to the transmitter are obtained from the manufacturer of the component
or equipment generating that signal. The jitters introduced by the
transmitter and receiver are obtained from the transmitter and
receiver manufacturer. If these values are not available they can be
measured using EIA/TIA-526-16, EIA/TIA-526/17 and EIA/TIA-526-18. The

value of the deterministic jitter of the fiber can be determined from
the input and output risge timeg of the fiber ing defined be
case and worst case data patterns. An exponential impulse response i
assumed at the input to the fiber and a gaussian impulse response is
assumed at the output of the fiber. 1In this document the best case
data pattern was considered to be one “on" state followed by an “off"
state and the worst case data pattern was assumed to be three
consecutive "on™ states followed by an "off" state. The deterministic

jitter of the fiber (in seconds) is then given by

DJ, = Bt,, - At, (23)

aé

r' e

WU A AMCTU MTOW
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=

e

where t, is the source rise time (in seconds), t, is the source/fiber
exit rise time (in seconds), and the deterministic jitter constants A
and B are given by table XI. (To determine the constant B, use the
scurce/fiber exit rise time to baud period ratio. For A, use the

source rise time to baud period ratio.) If more than three

consecutive "on" states are considered in a link’s data format the
constants A and B will be slightly different. The total output
Jitter, J; (in seconds), then is given by
Jr = DJ, + RJ, (24)
5.6.8.3 HMaxjimum input jitter requirement. 1In general, the clock
recovery module specification will include a maximum input jitter
recmlremgp_t,:= The total 'htf-pr out of the receiver should be less than
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the maximum input jitter requirement of the clock recovery module. If
the total output jitter from the receiver is greater than the maximum
allowed for the clock recovery module, the receiver manufacturer
should be contacted to determine the tradeoffs between receiver
sensitivity and receiver jitter The jitter budget can be

T EFarin Nae Af ramratiuvar Si1e-tar
recalculated for the differin es of receiver jitter

2
L3
ver sensitivities) until

P e W ¥V ol
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f-
recoverv 1nout reaulrement is met. The jitter Dower penalty i
difference in the initial and final values of the receiver
sensitivity. If the input jitter specification for the clock recovery
module is not known, the total output jitter from the receiver shall
be less than 70 percent of the baud period. If calculations determine
that the total output jitter from the receiver is more than 70 percent
of the baud period, the designer should select a dlfferent transmitter
or receiver with immroved rise time or 1i1-1~3-r-

- = W A waa

crnec
mpr r r spec
Additional information on jitter can be found in 6.
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TABLE XI. Fiber deterministic jitter constants.

Rise ti;e to Baud Deterministic Jitter Constant
Period Ratio
A B

j < 0.35 0.001 0.000
LA 0.40 0.002 0.001
5 0.45 0.003 0.001
0.50 0.006 0.001

0.55 0.008 0.001

0.60 0.012 0.002

0.65 6.015 0.005

0.70 0.019 0.011

i 0.75 0.024 0.020
] 0.80 0.028 0.030
0.85 0.033 0.042

0.90 0.038 B 0.057

! 0.95 0.043 0.073
L__% ___1.00 _____0.047 0.090
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9 oOther power penalties. 1In fiber optic systems other power
The

may eyigti but in general are not significant. The
WDM links and to back-reflections from the transmitter to the receiver
in bidirectional systems. 1In link designs that are bidirectional or
where WDM techniques are belng used, a loss budget for the crosstalk
channel is calculated to verify that the power level of the crosstalk
channel at the détééiéf/réééivef is well below the detector/receiver

5.7 Component reliabilitv calculations. This section
establishes uniform predictions for the reliability of Navy fiber
optic components. The intent of this section is to augment MIL-HDBK-
217 in the area of fiber optic component reliability calculations.
Two of the derating factors used are generally applicable for all of
the components. Tne temperature derating factor, m;, for each

0
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(T2 - 298)
np=1.6 1 (25)

where T2 is the expected operating temperature in Kelvin (the
temperature in Celsius plus 273 degrees). The cuality derating
factor, m,, for each component is given in table XII.

MTART P YTT Tihar Amd i ~amemmanemd aven ) dder o md o meea

_—— ———
Type of Component Tq
Listed on Qualified Parts List 1.0
or first article tested
Manufactured to specification, 1.5
but untested
-Commercial, high quality 2.0
Commercial, average quality 4.0
5.7.1 0Optical cable. The optical cable failure rate model is
given by
A=A (R X X%, X%,
where: A, = Fiber optic cable failure rate

A, = Buffered optical fiber, fiber within an OPCC or a fiber
within a multifiber cable base failure rate (see table XIII)
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= Environmental derating factor (see table XIV)
= Temperature derating factor

= Number of fibers in the cable

7o = Quality factor

- -~
Piber wWithin OFCC 1.09
Fiber Within Multifiber Cable 0.282
Light Duty Connector 0.110
? Heavy Duty Connector 0.080
] Single Fiber Splice 0.027
IR LT R gy
! (Failures/10* Hours])
TRBLE XIV. Qptical cable environmental derating factors.
Environment T
Naval Surface Ship Unsheltered 13
Naval Surface Ship Sheltered 5.3
Naval Submarine 4.1
5.7.2 T.ight dutv sinale terminne connectore., The llght d'\.’.t}’
single terminus connector failure rate model is given by
Ap=hpRpgXn Xn, X7
where: A, = Light duty single terminus connector failure rate
A = Single terminus connector base failure rate (see table
XIII)
Tp = Environmental derating factor (see table XV)
7. = Temperature derating factor
y = Mating/unmating derating factor (see table XvrT)
o ™= Quality factor

Q
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TABLE XV. Light duty connector environmental derating factors.
Environment Tp
Naval Surface Ship Unsheltered 13
Naval Surface Ship Sheltered 5.3
Naval Submarine 4.1
TABLE XVI. Mating/unmating derating factors
—
Mating/Unmating Cycles my
(per 1000 hours)
0 - 0.05 1.0
>0.05 - 0.5 1.5
>0.5 - 5 2.0
>5 = 50 3.0 1
i >50 4.0

5.7.3

Heavy duty multiterminus connectors.

multiterminus connector failure rate model is given by

The heavy duty

A=A, (R Xx X Xn, X*n,)
where: A, = Heavy duty multiterminus connector failure rate
)Y - Civeala mAannacméEianm haoaoa a3 Trra sad feonn ahla YTTTY
I\’ - DA AT WWIMNIETWw AWV VaADT A QA dAUWIL T LGN A\ Pee CQMNILSE Ndidh)
ng = Environmental derating factor (see table XVII)
7, = Temperature derating factor
7y = Mating/unmating derating factor (see table XVIII)
n, = Number of active termini in the connector (see table
XIX)
T, = Quality factor
TABLE XVII. ezvv_dut ector environment derati facto;
o
Environment Mg
Naval Surface Ship Unsheltered 13
Naval Surface Ship Sheltered 5.3
7 Naval Submar{g? 4.1 o
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£3 ~re faililunrs ra < Y
A r - A d d Ul i Ca -2 5‘-
A= RpXnpX®,)
where: A, = Light duty single fiber splice failure rate
A, = Single fiber splice base failure rate (see table XIII)
ne = Environmental derating factor (see table XX)
n; = Temperature derating factor
T, = Quality factor
TARLE XVITI. Heavv dutv connector mating/unmating derating factors.
k' 3 .
Mating/Unmating Cycles Ty
(per 1000 hours)
0 - 0.05 1.0
>0.05 - 0.5 1.5
>0.5 - 5 2.0
>5 = 50 3.0
>50 4.0
TABLE XIX. Number of active terminj derating factor.
Number of Active Termini T,
1 1.00
2 1.36
3 1.55
4 1.72
o 5 1.87
6 2.02
7 2.16
8 2.30
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TABLE XX. i v e .
Environment Tge 4*7
Naval Surface Ship Unsheltered 9.9
Naval Surface Ship Sheltered 4.4
Naval Submarine _ 3.5 |

§.7.5 Cable splices. The cable splice failure rate model is
given by

Ao=h (g X R, X, X, XT,)

where: A, = Cable splice failure rate
A\, = Single fiber splice base failure rate (see table XIII)
iy, = Environmental derating factor (see table XXI)
n; = Temperature derating factor
%, = Number of fibers in the cable splice (see table XXII)
Tq = Quality factor
TABLE XXI. Cable splice environmental derati actors.
— - . - _ D
Environment e
Naval Surface Ship Unsheltered 9.9
Naval Surface Ship Sheltered 4.4
Naval Submarine 3.5
TABLE XXII. ] i able ice de i tor.
T
Number of Active Termini I,
1 1.00
2 1.36
3 1.55
4 1.72
5 1.87
6 2.02
7 2.16
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8 2.30 J

5.7.6 Optical switches. The optical switch failure rate model
is given by

A=A (R X R Xn , Xn_X7,)

where: A= O?tiCZ‘.’ gwitch failure rate
= Optical switch base failure rate (see table XXIII)
ne = Environmental derating factor (see table XXIV)
n, = Temperature derating factor
n, = Number of switch states (see table XXV)
n, = Quality factor
TABLE XXIII. Optical switch base failure rate.
Switching Mechanism Ae
Electro-optic, Moving Fiber 0.431
Electro-optic, Moving Mirror 0.321
Solid State 0.100
TABLE ¥XIV. Opticel svitch environwental derating factors.
i Environment Mg
Naval Surface Ship Unsheltered 13
Naval Surface Ship Sheltered 5.3
Naval Submarine 4.1
TABLE XXV. pNumber of switch states derating factor.
NRumber of switch states ,
2 1.0
5.8 iber ) retenr des) examples. Appendlces B and C
contain fiber optic system dégiqﬁ examples that illustrate the proper
application of the equations presented herein. Table XXVI shows the
topics covered in each example.

x
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TABLE XXVI. Topics covered in fiber optic design examples.

Topic Appendix B Appendix C
Example 1 Example 2 Exanmple 1

Network Topology SAFENET SAFENET SAFENET
Multimode or Single Mode Multimode Multimode Single Mcde
Source Type SLED ELED Laser
Loss Budoget Egquation Worst Case Statistical Worst Casge
Calculate Environmental No Yes Yes
Margin
Aging Included in Yes No Yes
Transmitter/Receiver
Specifications
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6. NOTESB
(This section contains information of a general or explanatory nature
that may be helpful, but is not mandatory.)

6.1 Intended use. The design requirements contained in this
standard are intended to be used for all applicable systems, to ensure
system operability when fielded, interoperability between systems
designed by different organizations, and proper operation when
connected to the fiber optic topology.

€ 2 Teenae ~f DAOANDNTCC WWharn *+hie efandar>ld e need in acouicition
O e & . LA X YA =7 ¥ —-ii 4O w CAiiNdGa W & LT =a =) =Y di U EUAT LA LWLy
the applicable issue of the DODISS must be cited in the solicitation

(see 2.1.1 and 2.2).

6.3 References. The following references may be used to obtain
additional information on different aspects of component performances
and system design. These documents are normally available from the

PR T 3 Ty 2 m o 2 ~de emem e e P < g s de P B N ) P M oo
organizations that prepare or distribute the documents. These
documents alsc may be available in or through libraries or other
informational services.
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6.4 Subiject term (kev word) listing.

Optical fiber
Exit bandwidth
Cable
Connectors
Splices
Switches
Cgun‘l ers
Interconnect ion boxes
Transmitters
" Receivers

Inter-equipment connections
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Topology
Intra-equipment organization

Link definition end design
Bandwidth

Wavelength

Loss budget

Link loss budget

Adjustments to link loss budget
Component reliability calculations
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APPENDIX A
TEST PROCEDURE TO DETERMINE LOW ORDER MODE POWER RATIO
FOR MULTIMODE OPTICAL FIBERS

10. SCOPE

10.1 Scope. The intent of this procedure is to measure the
logarithmic ratio of the total optical power coupled into a Class Ia
graded-index multimode optical fiber to the effective Optlcal power
coupled 1nto the low order modes of the fiber by a fiber optic source

or transmltter .

APPLICABLE DOCUMENTS

20. CAR O

This section does not apply to this appendix.

30. TEST EQUIPMENT

30.1 Optical power me;e; (calibration traceable tg NI §I
11 be o h has

a
CétanmdAard) Ava e ~a) eh neoe cC
- - (92 93
a

Dkallugéal . £ UH\—LUBA ? =2 %3 -8 a -
0. libvated for the

hi
........... cal

be tested

30.2 Input signal source. An input signal source which
modulates the optical transmitter with a suitable modulation signal.

30.3 Class Ja jumper cable. A jumper cable constructed with
Class Ia graded -index multimode optical fiber with near nominal core
size and NA equipped with anbropriate connectors. The jumper should

be sufficiently long that all launched cladding mode power is
completely attenuated before the output connector.

30.4 Class IVa jumper cable. A jumper cable constructed with
Class Iva dispersion unshifted single mode fiber with near nominal
mode field diameter equipped with appropriate connectors. The jumper
should be sufficiently long that all launched cladding mode power is
completely attenuated before the output connector.

40. TEST SAMPLE

The test sample shall be a fiber optic source or transmitter operating
under normal operating conditions.
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Setup.

a. Apply the appropriate input modulation signal to the
optical source or transmitter under test. Allow
sufficient time (15 minutes unless otherwise specified)

for the source or transmitter under test to reach a

steady-state temperature and performance condition.
h T™urn on the nnf1c~a1 power meter and allow the

ar e A waa 28 e 8 - -l - MW —a - [=9 819}

manufacturer’s recommended warm-up and settling time
before starting any measurements.

c. Clean the optical connectors of the multimode test
jumper cable, the single mode test jumper cable, and
the optical source or transmitter under test.

WPse N de S s A m M YITMTNAAT WA M WYY Be TR
I £ SRt ae | ug ; HiCAQoOUL CTLHITIIL o
a. Connect one end of the multimode test jumper cable to

the optical source or transmitter under test and the
other end to the input connector of the optical power

meter.

b. Observe the optical power reading. If the optical
power meter reading fluctuates more than 0.4 dB (peak-
to-peak), the reading should be disregarded (either the
optical source or transmitter under test is not

suff1c1ently stabili —d or the optical power level is
too low for the optical power meter). When the meter
reading is sufficiently stable, record the value (in

dBm) .

c. Disconnect the multimode test jumper cable from the
optlcal source or transmitter under test, clean the
jumper connector, and reconnect the jumper to the
optical source or transmitter under test.

d Repeat steps AS5.2.2 and A5.2.3 until five stable

[
|
n
[
;

S;’ngle mode '!ugp_e*; measurement.

a. Connect one end of the single mode test jumper cable to
the optical source or transmitter under test and other

end to the input connector of the optical power meter
b. Observe the optical power reading. If the optical
power meter reading fluctuates more than 0.4 dB (peak-

to-peak), the reading should be disregarded (either the
optical source or transmitter under test is not
sufficiently stabilized or the optical power level is
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too low for the optical power meter When the meter

reading is gufficientlv stable, record the value (in

- wamassy A e awa it~ ]

dBm) .
Disconnect the single mode test jumper cable from the
optical source or transmitter under test, clean the
jumper cable connector, and reconnect the jumper to the
optical source or transmitter under test.
Repeat steps A5.3.2 and A5.3.3 until five stable

P WP Y grepx |

reau;ngb are UDLHLI‘BQ .

CAI.CUI.ATTIONS

o

e N o s & Y

Calculate the average of the five stable readings for

the multimode test jumper cable.

Calculate the logarithmic ratio of the optical power
coupled into the multimode optical fiber to the optical
power coupled into the single mode optical fiber

where P_. is the optical power coupled into the single
mode fiber and P, is the optical power coupled into
the multimode optical fiber.
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MULTIMODE DESIGN EXAMPLES

10.1 Scope. This appendix contains examples for calculating
bandwidths, loss budgets, and other factors necessary to design
multimode fiber optic systems. This appendix is not a mandatory part
of this standard. The component specifications and network topologies
presented herein were developed for instructional purpocses only and
are not representative of any particular installation.

LE DOCUMENTS

20. APPLICA

This section does not apply to this appendix.

30. EXAMPLES
3.1 General. X intended to provide guidance
to the design engineer on the application of the formulae used to
evaluate the viability of two hypothetical fiber optic topologies. As
will be seen when comparing the examples, the equations used and their
application vary in accordance with the topology design, systen
specifications anéd available data. The equations, paragraphs and
tables referenced in the examples can be found in Section 5 of this

P . ... |
Stangara.

application of equations used to evaluate the survivable adaptable
fiber optic embedded network (SAFENET) topology shown on figure 20 and
described in 30.2.1. The topology and component specifications have
been provided by a system design team as a proposed tactical shipboard
netvork. Is the proposed system viable under worst case conditions?

30.2 Example 1. Example 1 demonstrates the selection and

“an A a ~
SV b P

a. Fiber Specifications:
Type: multimode, graded index
Size: 62.5/125 um
Attenuation: 2.0 dB/km € 1300 nm * 20 nm, (RES) max
4.5 dB/km € 850 nm + 20 nm, (RES) max
Transient Loss: 0.5 4B for lengths greater than 0.5 km
Modal Bandwidth: 400 MHzekm € 1300 nm, min
200 MHzekm € 850 nm, min
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FIGURE 20. Multimode SAFENPT topecloov for example 1.
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Opti

cal Output
Power:

Rated Rise Time: 2 ns, max

c. Receiver specifications:

Detector Type: Positive-Intrinsic—~Negative (PIN) Diode
Sensitivity: -36 dBm, min for BER of 10° over the
rated lifetime

Rated Rise Time: 2 ns, max

d. SAFENET specifications:

TCU Loss: 0.8 8B, (OFL) max, through any path
Splice Loss: 0.6 dB, (OFL) max
Connector Loss: 1.0 dB, (OFL) max
Bit Rate: 100 Mbps
Coding Format: 4B/5B

e. System integrity: Rll terminals of an individual system
(System A or System B) must be able to communicate when
alternate system terminals are bypassed.

30.2.2 esj evaluation. The design evaluation illustrated in

this example assumes a worst case scenario, aging included in the
transmltter/recelver specifications, and uses the additional 3 4B

—— Y mee Y o e S s PRppIy SRR — e e & am

ba;euy ma.zg;n .Lll J.J.BLI Gf Caliluviatlinyg L-Lle euv;&uxuut:n»u.l. marygaii.

30.2.2.1 Randwidth and rise time calculations. The path from Rl

to B2 is the longest (605 meters going counter-clockwise) and the
shortest (80 meters going clockwise). This link, being the most
critical link of the topology, will be analyzed for dispersion and
attenuation limitations. Starting with Eguation (7), and realizing
that the link minimum performance will occur when the transmitter is
operating at the lower limit of its wavelength range, the source

centroid wavelength is
&2
A_.= (1300-30)-7 = 1263 nm

c
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From Ecuation 78) +he MS cnoertral width ie
d-l"d\‘u Lo A 2 ¥ ) ‘ ~ , ’ L2 ¥ A= AN A0S Gr"'v -l A A W oAVl wd -
130
6, = —— =54.2 nm
2.4

From Equations (5) and (6), the fiber dispersion and the dispersion
slope at the fiber optic transmitter centroid wavelength are

- ;;:;0'13_-,J_ /1340\41 o A e A me12 ol e Loy
D= ==—1263]1 ( = -8.4 x 107** s/ (nm-km)
1x20°13[, ./ 134014
S = 2 11+3[=222)| = 1.2x10"% s/ (nm*-km)
4 l \ 12837/
The minimum bandwidth will occur in the longest link in the topology
If the bandwidth is sufficient for the longest 1link, then it can
assumed that it will be sufficient for all other links. For this

example, the cable—ieﬁqth (L) eguals 605 meters. The rise times
associated with the first and second order chromatic dispersion for

the longest path length are given by Equations (3) and (4) to be

t = (2 VIS 2Y (9 AvIN-12)\ {(n €08 = 790 v 1n-12¢

edl \L oV /) \(JJ ek \TOsBALY J] \WVW.OVD; = I &V A AV o
{ 2(-8.4x10°12) ) 2

teaz = 1.4[0.12+ s ,(55 .2)2(.605) = 270 x 10712
\ - b W -

From Equation (2), the estimated cable modal bandwidth is

o, 400x10¢ - :
BW,( gy = —————— = 510 x 10°* Hz
(0.605)°¢5
From Equation (12), by excluding the receiver contribution, the
transmitter/cable exit bandwidth is
2 2 -1/2
Bi [( 2x20- Y ([ -720x10-12 ) . (270x30-22) 1 V2]
Mext-n = | =525 ) * | 0.3¢ ) " \T0.25 ) "l o =otc1002067 | |
L\ ’ ’ N\ / \ W el \AVNLYV Vi / J
= 120x10° Hz
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Also from Equation (12}, the total optical link -3dB bandwidth is
calculated to be
2 - 2 '1/2
- - -12 : -5
Bk _[ 2x107), (z720x10732) [ 270x1072) 1 I’ (2){10 H
LJES P - =~ ~ _ P RPN
"N 0.28 )\ 0.3¢ J \ 0.25 J \(0.52(510x120%) ) \ 0.386 ;|
= 100x10¢ Hz
The minimum acceptable total optical link -3 dB bandwidth, according
to Egquation (13), must be equal to or greater than 70 percent of the
optical baud. SAFENET utilizes a 4B/5B coding format and a 100 Mbps

electrlcal line bit rate. From table VI, the bit rate to baud
conversion factor, E, is S5/4. The optical line baud is thus

L-.. el lann.
Dau U = D2/4 \1UUA

After substituting, Equation (13) becomes
BWyp_y 2 0.7(125x10¢) 2 87.5x10° Kz

This condition is satisfied.

30.2.2.2 Loss budget cajculation. The loss bu
be satisfied for both the longest and shortest path
will 'v'éflLy that the UpLJ.ucu. power incident on wi
the proper range for correct demodulation at the recelver. Si

) = Q..

”~ " »
€ 1h
a

ellminatlna the last te*m of the equatlon (that is -X[a# + ...]*)
Also, this is a tactical link and it has been decided that an
environmental margin (xg) should not be calculated, so a 6 dB safety
margin (M) shall be used in the loss budget eguation. Adjustments, A,
include a 2.22 dB dispersion power penalty calculated from Equation
(19) as follows

¢ 12
‘] = 2.22 dB

P,=1.42 leéfL__
1100 ;

-
(N e )

-a

-
s

o

The transient cable loss, T, provided by the cable manufacturer for
this type of cable is 0.5 dB. Jumper cables are internal to the
transmitter and receiver and are considered to be negligible (1,c, W,
O)c = 0). From information prov1uea by the cable manuraccuref,;h was

dedam NV omes o mamtmlm evcade Al
e J.Ullgt:bb vavice pn\.u \°F S

£ Var e

determined to be 0.06 dB/km. Starting with
605 meters, the path includes two connectors, 12 splices, and six
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, 18

TCUs. The loss budget equation, from Equation (16)
1) -12(0.6) -6 (0.8)

& 16
0 < -18 -(-36) -6 ~0.5 -2.18 ~-[(0.605) (2+0.06)] -2¢(

- - @ AD
- - e S (> =,

30.2.3 <Conclusions. The right hand side of the above eguation
is equal to -5.9 dB, and thus the conditions represented in the loss
budget equation are not satisfled. Therefore, the proposed topology
Dresented for analysis is not a viable solution under worst case
conditions and the analysis is completed.

30.3 Example 2 Example 2 demonstrates the selection and
application of the equat1ons used to evaluate the SAFENET topology
shown on figure 21 and described in 30.3.1. The topozogy and
ceomponent 5?3lelcat;uua have been PrGVidEd by a system ﬁca;gu team as

a propesed tactical shipboard network. 1Is the proposed system viable
at a 97 percent confidence level?

30.3.1 System specifjcations.

a. Fiber specifications:

Type: multimode, graded index
Cizo- £2 KR/128 um
- e B - @ vsov’ b or - ’.‘“

Attenuation: 1.3 dB/km (RES) avg; 0.5 dB/km std
deviation € 1300 nm + 20 nm
4.5 dB/km (RES) € 850 nm + 20 nm, max

Transient Loss: 0.5 dB € 0.3 km, 0.75 @B € 0.4 km, and
1.0 dB for lengths greater thanm 0.5 km
Modal Bandwidth: 400 MHzekm € 1300 nm, min
200 MHzekm € 850 nm, min

Dispersion Slope
at Zero Dispersion

Wavelength: 0.1 ps/nm**km
e mmes 7 acea

T ANCL 6LV

Nicnmarad an

MASNMNCL DAV

Wavelength: 1340 nm
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Rated Rise Time: 1 ns, max
c. Receiver specifications:
Detector Type: Positive-Intrinsic-Negative (PIN) Diode
Sensitivity: -38 dBm avg; -36 dBm min; and 1 dBm std
deviation for BER of 107
Maximum Input
Power: -il dBm
Rated Rise Time: 2 ns, max
d. SAFENET specifications:
TCU (Bypass Switch)
Loss: 0.5 dB, avg (RES); 0.7 dB, avg (OFL);
0.8 dB, max (OFL); 0.1 dB std deviation,
through any path
TCU Environmental
Derating Factor: 0.35 dB avg, 0.12 dB std deviation
Splice loss: 0.3 dB, avg (RES); 0.5 dB, avg (OFS);
0.6 dB, max (OFL); 0.1 dB std deviation
Splice Environmental
Derating Factor: 0.16 dB avg, 0.8 dB std deviation
Connector Loss: 0.8 dB, avg; 1.0 dB, max; 0.1 dB std
deviation
Connector Environmental
Derating Factor: 0.25 AB avg, 0.08 dB std deviation
e. Systen 1ntegr1ty. Each network terminal must be able to
nypasf at least three (3) adjacent, consecutive out-of-
service terminals.
30.3.2 Dpesign evaluation. The design evaluation illustrated in

P e e wd NS A

this example use stat15t1ca1 methods, including a calculation for

environmental margin.

30.3.2.1

0
~

—id i b e A L Vuwe aes 1 L ves 1 =12

Bandwidth and rise time calculations.

The longest path

ree e —m evaner e

-~ g ay
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length for this analysis is 350 meters (between T2 and T¢, and between
T11 and T3). Therefore, this will be the link chosen for analysis.
Starting with Equation (7) and using the transmitter’s minimum
wavelength, the source centroid wavelength is

From Eguation (8), the RMS spectral width is

VLT e

From Equations (S5) and (6), the fiber dispersion and the dispersion
slope at the fiber optic transmitter centroid wavelength are

D l}:lo-13 1--73[1 /1340\‘] ) Axlo-lz S/f (m k.m)
- e —————— < - -
4 I 1273
11070 4134034 : 2
S = == |[143/===} | = 1.2x107* s/ (nm*-km)
4 L \ 40 i Sy j
Thae cuvetErame mirnsmism hRarnAwiIA+ER vyl Arccliy 37m hae 1Tinl with +he 1Ancdoct
E R ¥ 1= D] = = =2 =) Al Ao d b A bl NAAM AVCALIVAW A WA dd W e o A N e o b - b b bl PSSy Y2  odh sl el A - BE  ~-
length of cable. For this example, L equals 350 meters. The rise
times associated with the first and second order chromatic dispersion
are given by Egquations (3) and (4) to be
Py L~ A\ Lemem e\ F e o wenAn=12\ S A~ ArnA . a~=-12
Ccd.‘l = (L&) 37/ .2) =/ .X4U 7)) (U.3D) = =4dDUXLUVU ™™ &

_ +n-12
1, 2(27.2x10 ))(37.5)2(.35) = 76x10712 s
73 Ji

From Equation (2), the estimated cable modal bandwidth is

BNy = ———— = 670x10¢ Hz

From Equation (12), by
trangmittar/cahle oaxit bandwidth
2 he

d AT AN e d [ WwlAN A

Also from Fauatlon (1

calculated to be

rt §
lo}
r+
W
{rett pute
O
r'f
d e
]
]
=]
bl @
=)
=
]
W
QL
s}
o
[+Y)
b
|w
%
g
pere
n

e
it

O
[+ o]}




Downloaded frérﬁ 'Htvtp—:/'lr\)\vl\‘NV\‘/'.éveryspec.com

MIL-STD-2052(SH)

2 2 2 2-1/2
-9 _ -12 -12
oo, |22, (z2sexzoa) (rexsoaf (1
ax{(-2) l\ 0.29 ) \ 0.34 J \ .25 ] \0.52 (670x10°) }J
= 220x10¢ HZ
Bi 1 1x10- Y. [-250x10-2) (76x102Y) 1 Y, [2x10- v
0 "W\ Too2s ) T\ T o038 )T To2s ) T (o szieroxzon ) T T0u36 /|
=140x10° Hz

<

To satisfy the conditions of Equation (13), the total optical link
-3dB bandwidth must be equal to or greater than 70 percent of the
optlcal baud SAFENET utlllzes a 4B/SB codlng format and a 100 Mbps

P Dy RO e | \:_ = A L5 B e L4 d AL
e.Lec..ch.ca.L i1ine ch race. w1tn £ equa.L to D/‘i from tabile vi, utne
A1 ~a Tawma laivd 1o ehivs
wViedlvaAd diliT wauu 1o o

baud = 5/4 (100x10°) = 125x10¢ baud

After substituting, Eguation (13) becomes

30.3.2.2 Loss budget calculation. This is a tactical link and
it has been decided to calculate the environmental margin neglecting
the effects of radiation, so only a 3 dB safety margin (M) shall be
used in the loss budget equation. The path from T2 to Té includes two
connectors, 10 splices, five TCUs, and six cables. Jumper cables are
internal to the transmitter and receiver and are considered to be
negligible (1,., f)c, Oc = 0). The mean and standard deviation of the

enviranmantal marain /. and 4.\ as calcnlatad from Fratian (12) ara
S V deds W0 AN wAS S WUl d -“‘-,‘l. \PE i A SNA VE’ - o e W bl e Wl e e e AR “‘-u ksl \ - l Al

Byg=0.35(1.35+0)+ 2(0.25+0)+ 10(0.126+0)+ 5(0.35+0) = &4.32 dB

1 /2 - P e
4

2+0)+10(0.05%+0)+5(0.122+0)1*2 = 0.34 dB

22  m\

0.35/6) (0.45%+0)+ 2(0.

o~

~—

»—s
<
)

r
=t
Adjustments, A, include a 1.15 dB dispersion power penalty calculated
from Equation (20) as follows
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Because the specifications for transmitter output power and the

receiver sensitivity are not given over the lifetime of the device,
these values must be derated nﬁnﬂrd‘ng to table IX. The lower Q:(jgr

power ratio for the optical source is not known so a value of
K—O 5 was chosen from table VII for ELED sources. The high order mode
loss, H, from table VII for ELED sources is 0 dB. From information
provided by the cable manufacturer, i, was determined to be 0.06

dB/km. The loss of the cable and each of the components is calculated
using equation (15)

B=1.0+0.5(1.3-1.0)=1.15 4,=0.340.5(0.5-0.3)=0.4
4. =0.5+40.5(0.8-0.5)=6.5 @ =0.5+0.5(0.7-0.5)=0.6
co e W vov\v-v ’ d ’—"- ’
The loss budget equation, Equation (16), is
0<-(10-1.5) -(-38+1)-3 -1.12 -4.32 -(0.35)(1.15+0.06)-2(0.65)-10(0.4)
- 5(0.6)- 2[17+1°+0.342+(0.35) (0.35/6) (0 +(2)(0.1)2+10(0.1)2+5(0.1)2]/2
0 < £.3 dB

The right hand side of the above equation is equal to 8.3 dB, and thus
the conditions represented in the loss budget equation are satisfied.
This part of the analy51s shows that a transmitter is able to bypass

three TCU’s over the iongeSt possible path length and deliver
sufficient power to the receiver. ©Now, the shortest path length must
be analvzed to ensure that the +rancmitter ic not saturatina the

Bt A4 , s A L S d Ao h b o el N L2 ¥ A= —de WA S aS A A \-\v‘—s - BANw W B W e MR e - s Ay -—a S
receiver. The shortest path length is 30 meters and will occur when
the TCUs serving terminals T7, TB. T9, or T10 are in loopback mode

(that is, 15 meters from the terminal to the TCU, loop back through
the TCU, and back to the terminal). 1In this condition, the path would
include two connectors (two different termini pair in the
rultiterminus connector), two splices (of a multifiber cable splice),
and one TCU (in 1oop back mode). From Equation (18), the maximum

P -1 .2 ) Yy

ble at the receiver would be

a
Ppgay = =10 - 0.03(1.15) - 2(0.65) - 2(0.4) - 1(0.6)

30.3.3 Conclusions. Since the maximum receiver input power is

[ 24
(=]
o
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-11 dBm, the link can operate in loop back mode without saturating the
receiver. Therefore the proposed system is a viable network solution
at a 97 percent confidence level.
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APPENDIX C

bandwidths, loss budqets, "and other factors necessary to design 51ng1e
mode fiber optic systems. This appendix is not a mandatory part of
this standard. The component specifications and network topology
presented herein were developed for instructional purposes only and

are not representatlve of any partlcu.l.ar installation.

30.1 General. This example is intended to prov1de guidance to
the design engineer on the application of the formulae used to
evaluate the viability of a hypothetical fiber optic topology. The
eguations, paragraphs and tables referenced in this example can be
found in Section 5 of this standard.

30.2 Example. The example herein demonstrates the selection anc
application of egquations used to evaluate the SAFENET topology shown
in figure 22 and described in 30.2.1. The topology and component
specifications have been provided by a system design team as a

_‘e,__‘_AA -

proposea tactical snlpooara network. 1Is the proposed system viable

U.Il(le.f worst case cC

CD
o
'.-I
ct
’—l
o
(7]

30.2.1 System specifications.

a. Fiber specifications:

Type: single mode

Size: 8.3/125 um

Attenuation: 1.0 dB/Kkm € 1300 nm * 20 nm, max
Dispersion Slope

at Zero Dispersion

Wavelength: 0.1 ps/nm‘®km

|
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FIGURE 22. Single mode SAFENET topology.
Fiber Zero
Dispersion
Wavelength: 1211 nm

Transaitter specifications:

Source Type: Semiconductor laser diode (LD)
Center

Waveliength: 1300 nm * i0 nm

Spectral width: 1.25 nm RMS

Optical Output
Power: -3 dBm, min € 1300 nm into 8.3/125 um

fiber over the rated lifetime

Rated Rise Tine: 0.5 ns, max

an
4VI
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c. Receiver specifications:
Detector Type: Positive-Intrinsic-Negative (PIN) Diode
Sensitivity: -36 dBm, min for BER of 10* over the

rated lifetime

Maximum Input
Power: -12 dBnm
Rated Rise Time: 2 ns, max

d. SAFENET specifications:

Concentrators: See transmitter and receiver above
Splice Loss: ¢.6 dB, max
Connector Loss: 1.0 dB, max

30.2.2 Design evaluation. The design evaluation illustrated in
this example assumes a worst case scenario, aging included in the
transmitter/receiver specifications, and calculates the environmental
margin.

230.2.2.1 Randvidth and rise time calculations. Since
transmitters and receivers are located in the system terminals and the
concentrators, the maximum cable length in this topology is 315
meters. The shortest path is 25 meters between concentrator 2 and TS,
T6 and T7. Starting with Equation (7) and the minimum transmitter
wavelength the source centroid wavelength for a laser source is

A_=1300-10 = 1290 nm

Fromr Eauatlons (5\

and (6 the fiber dispersion and the dispersion
slope at the fiber opti

6) .,
c transmitter centroid wavelength are

i - A4

D= _1_17._1290I1-( = 11) | = -2.15x107%% s/ (am-km

s
l
t.l

~-13 [
S =.E§E£L__1+3(1311) =1.05x20°1 s/ (nm?*-km)
4 1290

The system’s minimum bandwidth will occur in the link with the longest
length of cable. For this example, L equals 315 meters. The rise

._l
<
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ted with the first and second order chromatic dispersion

times associa
for this link are given by Equations (3) and (4) to be
ey = (2.6) (1.25) (-2.15x1073%) (6.315) = -2.2x107% 5
- -12
£ = 1.4{1.05:{10"34» 2(-2.15x10 )1<1.25)2(o.315) = 7.0x10™% s
b \ 1250 J

Note that Equation (2) for cable modal bandwidth does not apply for
single mode systems. From Equation (12), by excludlng the receiver
and the fiber modal dlstortlon terms, the transmitter/cable exit

bandwidth is

) 2 2 1/2
By | o.sx10-Y (-2.2x1072), (7.0x10% I = 580x10° Hz
ex-3 " {7 0.29 ) | 0.3¢ ) | o0.25 )]

———y

Also from Equation (12), the total optical link -3dB bandwidth is
calculated to be

r - . .« A Y
s ol o.sxao) (-2.2x10) (7. 0x103¢ e \
T " [\Toe.ze )T\ 03¢ ) U 25 ) (o0.38 )

To satisfy the conditions of Equation (13), the total optical 1link
-3dB bandwidth must be egual to or greater than 70% of the optical
baud. SAFENET utilizes a 4B/5B coding format and a 100 Mbps

electrical line bit rate. With E equal to 5/4 from table VI, the

optical line baud is thus
baud= 5/4 (100x10°¢)= 125x10° baud

After substituting, Eguation (13) becomes

This condition is satisfiead.

30.2.2.2 T mme MrAmadr ~a21~n) nﬁ-ﬁr\p Thlc ije & tartical link and
cbo k. WATD PMMSCT Y Sl o g o rd) e as acs H BT vaTla Ssc S5°52
it has been decided to calculate the environmental margin neglecting

- AN Al WA W wea e w e

radiation effects, so only a 3 dB safety margin (M) shall be used in
the loss budget equation. This path includes two splices and one
cable. Jumper cables are internal to the transmitter and receiver and
are considered to be negligible (1,., H)c, and A = 0). The mean
environmental margin (@) as calculated from Equation (18) is

o
(o)
Cn
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Heg=0.318(1.30+U} + c1V.106+V) vV./0 GD
- 8 _ a - S ... - A = AT 3! mem et men vnmermes samaa ey 5hd 0 091
Adjustments, A&, 1nclude a U./o Gb diSpPersion powel peiidil)y an .
AB wmrls mamsd b an mAatos memalty ~ale~nlatrad fram Fouatione (20) and
Ars mode perTlitclon nolse penadc caicuiated Irom rguations (<v; ahd
(21) ac f0llnwe
\‘-LI Ch A ' A o S T
" 6 12
s _ o asl 125X10°| _ A 9 AR
:’D-.L.&L' 6| =S V.o Uo
| 172x10¢ |
ane .1 n6
{4.43 10 1
Pypy = 0.5 ==2==—| = 0.001 dB
| 280XIU" ]

A single mode optical cable does not have a transient loss. Fron
information provided by the cable manufacturer, i, was determined to
be 0.06 dB/km. The loss budget eguation, Egquation (17), is

0 < -3 -{-36)-3 -0-0.751 - 0.75 - (0.315) (1+0.06) - 2(0.6)

W22/ 4TV UL/

0 < 26.9 dB

The right hand side of the above eguation is equal to 26.9 dB and the
conditions represented in the loss budget equation are satisfied.
Now, the shortest path length must be analyzed to ensure that the
transmitter is not saturating the receiver. The shortest path length

- AL

is 25 meters between concentrator 2 and T5, Té or T7. This path
includes one connector and one splice. From Eguation (18), the
[P UL X gy -\AQ'A— metratsVTaklkla aét +ha ymamasvrar wAantlAd ko
QA A AL FUWC avallidaiwicT as. il L CueuoaAvol WWMANM Mo

Pppax = =3 - 0.025(1.0) - 1(1.0) - 1(0.6) = -4.6 dB

Since the maximum receiver input power is =12 dBm, the link
transmitters will saturate the receivers and the link will not operate

properly.

30.2.3 Conclusions. Because of the relatively high output power
A b VYamrae cmitemmeme o dha sealadiiralyr TArr mavimim Inrnnt rmAatreay Af Sho
Ul e 4ad€r S0OUrcCeEsdS ailiU Lilit [TCialtlivElYy 4dUW UAGALWMIL LlipPUL PURTL Vi vaic
receivers, attenuators may need to be placed in all of the short
concentrator-to-terminal links. Further analysis on these shorter
links is necessary to de e:mine which will need attenuators and how

106
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