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Fiber Manu- tive  Diameter Diameter Loss® BW?*
Type facturer Model Profile (pem) (em) [ - Betea NA.!' (dB/km) (MHz-km)
All-silicon QSF 1337200 133 200 02 5 20
sep-index Products  ASW n
Corp.
Silica core, DuPont Pifax 8-120 n 200 600 146 1409 038 30 0.85
plastic-clad Type 30
step-index
All-silicon Valtee/ MGO5 50 125 02 -1 400
graded-index Phillips [\
Corp.
All-plastic Dupont Pifax PIR140 J—l 368 400 148 1419 042 270 0.58
step-index @ 790 nm
All-xilicon, Corning SMF-24 " 83 128 1471 a=036% 012 1.8 >2000
xingle-mode Glasn Gr 1300 nm - 850 nm  ¢» 1300 nm
step-index Inc. 0.19 (565 Mb/s-40 km)
@ 1560 nm
Silicon, Corning  SMF-D5 ~16 126 1476 8 =09% — 208 >4000
single-mode,  Glass M By = 0.3% @850 nm & 1550 nm
W profile Inc. 022 (565 Mbvs-80 km)
dispersion- @ 1550 nm
shifted

'N.A. = numerical

aperture.
*Loss at 820 nm unless otherwise specified.

BW = bandwidth.
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STANDARDS ORGANIZATIONS

Because standardization organizations emerge and change charters
often as demand dictates, it is not possible to mention all of those that have
contributed to the technology. A few of the key organizations are
referenced here.

American National Standards Institute (ANSI)

Committee X3T9 is developed the fiber distributed-data interface
(FDDI) standard for high-speed LANs operating in the 100 Mb/s range.
FDDI is aimed at high-speed interconnection between mainframes,
minicomputers, and their associated peripherals. @ Other ANSI standards
important to fiber, or digital, network design are

T1.101-1987 Synchronous Interface Standards for Digital Network.

T1.102-1987 Digital Hierarchy Electrical Interfaces.

T1.103-1987 Digital Hierarchy Sync DS-3 Format Spec (SYNTRAN).

T1.106-1988 Digital Hierarchy Optical Interface Specs: Single Mode
(see ECSA).

T1.107-1988 Digital Hierarchy Format Specs (T1X/87-127).

North Atlantic Treaty Organization (NATO)

Among other activities, NATO subcommittees have been developed
fiber and cable standards for NATO applications. One such committee is
NIAG Subgroup 6, which developed fiber-optic interface standards for
shipboard application.

National Bureau of Standards (NBS)

The NBS at Boulder develops certain measurement standards for
fiber-optic components. One key measurements document is Special
Publication 637, Optical Fiber Characterization.

Exchange Carriers Standards Association (ECSA)

ECSA is the secretariat for the ANSI and has submitted the following
key documents to ANSI for approval:
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(a) TI1X1/87-126, the proposed draft, American National Standard
for the Fourth Hierarchical Level, was developed by ECSA to be compatible
with the CCIT's 139.264 Mbs/s signal as presented in Rec. G.703 and G.755.

(b) TI1X1/87-129R1, Digital Hierarchy Optical Interface Rates and
Formats Specification, or ANSI draft standard T1.105-1988. ECSA TI1X1.2
Working Group is developing this standard, also known as the synchronous
optical network (SONET) standard, that will establish synchronous
compatibility between optical t;ansmission equipments. The building
block synchronous transport-signal level 1 (STS-1) is at a rate of 51.840
Mb/s with an optical-carrier level 1 (OC-1) optical counterpart also at
51.840 Mb/s. This standard is to be consist with the work of the CCITT on
network-node interface (NNI) using synchronous multiplexing

techniques.

(c¢) T1X1/87-128R1, American National Standard for Telecommuni-
cations Digital Hierarchy Optical Interface Specifications: Single Mode.
This standard describes the performance characteristics of the single-mode
interface to be used with SONET and provides references to other standards
that define component performance and "joint" engineering methodo-
logies. It, along with EIA document TSB20, forms some key standards for

fiber transmission-systems design.

(d) Ti1M1.2/87-037R2, Functional Requirements for Optical
Terminating Equipment.

(e) T1X1.4/87-702R2, proposed draft on Digital Hierarchy Formats.

Electronic Industries Association (EIA)

The EIA contains the following subcommittee organiza-tions:
FO-2 Optical Communications Systems

FO-2.1 Optical Fiber Telecom Systems
FO-2.2 Fiber Optics LAN

FO-2.3 Jitter and Wander

FO-2.5 Cable Plant Installation
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FO-6 Fiber Optics
FO-6.1 Field Tooling and Test
FO-6.2 Terminology Definition and Symbology
FO-6.3 Interconnection Devices
FO-6.4 Test Methods and Instrumentation
FO-6.6 Optical Fibers and Materials
FO-6.7 Fiber Optics Cables

The EIA has initial work on over 170 fiber-optic test procedures
(FOTP) and standards. some of the key test procedures are listed in Table A.
Other key EIA documents on fiber optics include.

RS-440-1978 Connector Terminology

RS-458,-459 Standards for Fiber Classes and Materials
RS-472-1985 Generic Spec, Cables

472A-XX0-86 Cables for Outside Aerial Use

472B-XX0-86 Cables for Underground and Burial Use
472C-XX0-86 Cables for Indoor Use

472D-XX0-86 Cables for Outside Plant Use

RS-475-1986 Generic Spec, Connectors

RS-492-1987 Generic Spec, Optical Waveguide
RS-509-1984 Generic Spec, Fiber Optic Terminal Devices
RS-515-1986 Generic Spec, Fiber and Cable Splices
TSB-20 Single Mode Fiber Optic System Transmission Design

TABLE A EIA RS-455-XXX, FIBER-OPTIC TEST PROCEDURES

Procedure
number
FOTP-XXX Component type Test description
1 Connectors Cable flex test
2 All devices Impact test measurement
3 Connectors Temperature cycling
4 Connect/component Temperature life
5 Connectors Humidity test
6 Connectors Cable retention test
11 Connectors Vibration test procedure
12 Connectors Fluid immersion
13 All devices Visual and mechanical inspection
14 All devices Shock test
15 All devices Altitude immersion
16 Components Salt spray
17 Cable assemblies Maintenance aging
18 Component/assembly Acceleration testing
20 Optical Optical-transmittance change
~ 3 Y o S s e o AL’ o o P L B
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TABLE A (contd.)
Procedure
number
FOTP-XXX Component type Test description
22 System Ambient-light susceptibility
23 Component seals Air-leakage testing
25 Cable assemblies Impact testing
26 Cable Crush resistance
27 Fibers Outside-Diameter measurement
28 Fibers Tensile failure point
29 Fiber Rafractive index profile, transverse method
30 Multimode fiber Bandwidth measurement, frequency-domain
method
31 Fiber Tensile proof test method
32 System Fiber-optic circuit discontinuities
33 Cable Tensile loading and bending
33 Cable Tensile loading and bending
34 Connector Insertion-loss test
35 Connector Dust (fine-sand) test
36 Cable assembly Twist test
37 Cable Bend test, low and high temperatures
39 Cable Wicking test
40 Cable Fluid immersion
41 Cable Compressive-loading resistance
42 Components Optical crosstalk
43 Fibers Output near-field radiation pattern
44 Fibers Refractive index profile, refracted ray method
45 Fibers Fiber geometry, microscope method
46 Long GI fibers Spectral-attenuation measurements
417 Fibers Output far-field radiation pattern
48 Fibers On-line diameter measurement
49 Components Nuclear radiation effects measurement method
50 GI fiber Light launch for attenuation measurement
51 Multimode fiber Pulse-distortion measurements
52 Fibers Temperature dependent of attenuation
53 Long fiber Attenuation by substitution method
54 Fiber Bandwidth, mode scrambler requirements
55 Fibers Coating geometry measurement
56 Fibers Fungus resistance
57 Fibers End preparation and examination
58 GI fiber Core-diameter measurement
59 Fiber/cable OTDR attenuation measurement
60 Fiber Length by time-of-flight measurement
61 Components Nuclear thermal-blast resistance
62 Fiber Macrobend attenuation
63 Fiber Torsion test
65 Fiber Flexure test
66 Fiber Abrasion resistance of buffer coatings
67 Coated fiber Self-sticking (blocking) test
68 Fiber Microbending
69 Fibers Max and min use temperature
70 Fibers Advanced aging
71 Components Temperature shock effects
72 Components Temperature cycling effects
73 Fibers Temperature and humidity cycling
74 Fibers Humidity testing
75 Fibers Fluid-immersion test
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TABLE A (contd.)
Procedure
number
FOTP-XXX Component type Test description
78 SM fiber Spectral attenuation, cutback method
80 SM fiber Cuttoff wavelength by transmitted power
81 Filled cable Compound flow (drip) test
82 Filled cable Fluid-penetration test
83 Cable to connector Axial compressive loading
84 Cable Jacket self-adhesion (block) test
85 Cable Twist test
86 Cable Jacket-shrinkage test
87 Cable Knot test
88 Cable Bend test
89 Cable Jacket elongation and tensile strength
91 Cable Twist and bend
94 Cable Stuffing-tube compression
95 Fiber/cable Absolute optical-power test
96 Cable Storage temperature and humidity
98 Cable Freezing test
99 Cable Gas-flame test
100 Gas blocking cable Gas-leakage test
101 Cable Accelerated oxygen aging
102 Cable Water-presssure cycling
103 Buffered fiber Bend test
104 Cable Cyclic flexing test
107 Terminal Return loss
109 Reference-point temperature
110 Transmitter Type verification
111 Receiver Type verification
112 Power supply Current
113 Digital terminal General measurement requirements
114 Terminal Data-input current
115 Terminal Control-input current/voltage
116 Terminal Data-output voltages
117 Transmitter Optical output power
118 System Output propagation delay
119 Receiver Sensitivity and dynamic range
120 Transmitter Optical output power
121 System Output propagation delay
122 Receiver Responsivity and rms noise voltage
123 Receiver Output voltage and switching times
124 Detector Dark currents
125 Detector Numerical aperture
126 Source Modulation index
160 Cable Temperature shock test
161 Cable Temperature cycling
162 Cable Temperature/humidity cycling
163 Cable Fungus resistance
164 SM fiber Mode field diameter, far-field scan
165 SM fiber Mode field diameter, near-field scan
166 SM fiber Mode field diameter, transverse offset
167 SM fiber Mode field diameter, far-field variable aperture
168 Fiber Chromatic dispersion, spectral group delay
169 Fiber Chromatic dispersion, phase shift
170 SM fiber Cutoff wavelength by transmitted power
171 Qhort fiher Attennation hv cenhetitntion methad
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TABLE A (contd.)

Procedure

number

FOTP-XXX Component type Test description
172 Firewall connector Flame resistance
174 SM fiber Mode filed diameter, far-field knife edge scan
175 Fiber Chromatic dispersion, differential phase shift
176 Fiber Geometry measurement by Grey-scale analysis
179 Fiber Inspect cleaved ends by inter-ferometry

Institute of Electrical and Electronic Engineers (IEEE)

The Standards Coordinating Committee on Definitions (SCC 10) is
responsible for the development of terms and definitions. Key documents
include

ANSUVIEEE STD 100-1984 IEEE Standard Dictionary of Electrical and
Electronic Terms
IEEE 812-1984 Definition of Terms Relating to Fiber Optics

International Electro-Technical Commission (IEC)

The IEC has established the TC46 technical subcommittee on wire and
cables, the SC46E subcommittee on fiber optics, and the following working
groups:

WG0 Terminology
WG1 Fiber and Cable
WG2 Connectors
WG3 Safety

The IEC has produced the following key documents:

IEC/SC 46E (CO)9 Optical Fibers Measurements Dimen-
and IEC/SC 46E (sec)66 sional Tests Sections One and Two
IEC/SC 46E (SEC)55 Generic Spec, Connectors

IEC/SC 86B(CO) 15 Revision to Generic Spec for Connectors

Regarding Climatic Environmental Tests
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IEC/SC 86B (CO) 16,17 Generic Spec for Fiber Optic Branching

Devices: Insertion Loss and Return Loss

IEC 693 Dimensions of Optical Fibers

IEC 793-1 Generic Spec, Optical Fibers

IEC 794-1 Generic Spec, Optical Fiber Cables

IEC 874-1-1986 Generic Spec, Connectors

IEC 875-1-1986 Generic Spec, Branching Devices

IEC 875-2-1986 Generic Spec, Branching Devices, Star Coupler
IEC 876-1-1986 Generic Spec, Fiber Optic Switches

Consultative Committee in International Telegraphy and Telephony
(CCITT, Geneva).

Under the CCITT, Subgroup SG XV and others are developing fiber-optic
transmission standards. Subgroup SG XVIII is developing broadband ISDN
standards. Key Documents include:

Rec G651 Standardization of Fiber Physical Parameters
Rec G652 Characteristics of Single Mode Fiber Optics Cable

Society of Automotive Engineers (SAE)

It was the SAE that began some of the earliest work on military fiber-optic
standards. Some early activity includes

SAE A-2H Subcommittee: Wire and Cable Standards; developed DOD-STD-1678
and DOD-C-85045.

SAE A2-K Subcommittee: developed the fiber-optics version of the MIL-
STD-1553 data bus standard (MIL-STD-1773).

The SAE has two standards committees working on the fiber-optic data bus:

AS-2 Committee: High Speed Data Bus standards AS 4074.2 High Speed
Ring Bus (HSRB), Tri-Service JI-AWG committee.

AS 4074.1 Linear Token Passing Multiples Data Bus

AS-3 Committee: DOD-STD-1773 Development and Enhancement STANAG
3910 (NATO) Standard Support
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Department of Defense (DOD)

Standards activity is within the Defense Materials Specifications and
Standards Office (DMSSO) of the Office of the Undersecretary of Defence for
Research and Engineering. There exist Departmental Standards Offices (DEPSO) for
parts in the Defense Logistics Agency (DLA) and for systems separately in the
Army, Navy, and Air Force. For the Army, the assignee activity is the Army CECOM
at Ft. Mon-mouth, New Jersey. For standard parts, the assignee activity for DLA is
the Defense Electronics Supply Center (DESC) in Dayton, Ohio. These groups work
with various DOD standards working groups and industry committees and
coordinate their activities with the standards and specifications test and evaluation
activities within the Tri-Service Fiber Optic Coordinating Structure (TSFOCS).
TSFOCS is the R & D arm of the Office of the Undersecretary of Defense for R & D.
Within the DESC, Federal Stock Group 60 has been established to cover fiber-optic
materials, components assemblies, and accessories. @ Some key DOD publications

include
DOD-STD-1678 Fiber Optic Test Methods
DOD-C-85045 Fiber Optic Cable Standard
FSC 6625 Test Equipment
MIL-STD-1773 Fiber Optics Mechanization and Aircraft Internal Time

Division Command/ Response Multiplex Data Bus System
MIL-STD-188-111 Subsystem and Engineering Standards for Common Long
Haul/Tactical Fiber Optics Communications
MIL-STD-1863 Standards for Mechanical Interfaces
MIL-HDBK-141 Fiber Optic Design Practices
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