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1. This military standard is approved and mandatory for use by all
Departments and Agencies of the Department of Defense (DoD) in accordance

ar AN A

with DoD Directive 4640.17, dated 21 December 1587.

2. Beneficial comments (recommendations, additions, deletions) and any
pertinent data which may be of use in 1mprov1ng this document should be
addressed to: Commander, U.S. Army Information Systems Engineering Command,
ATTN: ASB-SET-T, Fort Huachuca, Arizona 85613-5300 by using the
self-addressed Standardization Document Improvement Proposal
(DD Form 1426) appearing at the end of this document, or by letter.

standards for tactical and 1ong -haul communications, but later evolved
through revisions (MIL-STD-188A, MIL-STD-188B) into a document applicable to
tactical commun1cat1ons only (MIL STD-188C).

3. Originally, Military Standard 188 (MIL-STD-188) covered technical

Tl.u-. Na€fancan Tane Aman~:

| Neé uUerTense bumm'unm.a CioNnsS ngency (DCA DUb’u‘vSn%d DCA Circulars
(DCACs) promulgating standards and engineering criteria appiicable to the
long-haul Defense Communications System (DCS) and to the technical support of
the National Military Command System (NMCS).

5. As a result of a Joint Chiefs of Staff (JCS) action, standards for
all military communications are now be1ng published in a MIL-STD-188 series
of documents. The MIL-STD-188 series is subdivided into a MIL-STD-188-100
series covering common standards for tact1ca1 and 1onq haul commun1cat10ns, a

only. Emphas1s is be1ng p1aced on develop1ng common standards for tactical
and long-haul communications published in the MIL-STD-188-100 series.

6. This document contains technical standards and design objectives
(D0s) for ]onq haul and tactical digital fiber optic communications systems.
The terms "system standard" and "design obJect1ve (DO)" are defined in
FED-STD-7037. In th1s document the word “"shall” 1dent1f1es mandatory system

standards. The word "should" identifies DOs which are desirable but not
mandatory.
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1. SCOPE

1.1 Scope. This document provides mandatory standards and optional
design objectives (D0Os) necessary to ensure system interoperability. This
document also establishes a level of performance for long-haul and tactical
fiber optic 1inks necessary to satisfy the requirements of a majority of
users. This document is not intended to serve as a stand-alone,
comprehensive reference for the design of new equipment and facilities or the
preparation of specifications. Consequently, hardware specific design
details are not contained herein. These and other design details must be

based on specific requirements and must be carefully tailored in accordance
with the provisions of DoD Directive 5000.43.

1.2 Applicability. This document applies to the design and development
of new digital fiber optic equipment, assemblies, and subsystems used in
long-haul and tactical communications systems. This standard is not
mandatory for systems used in the following applications:

a. On-board mobile platforms such as ships, aircraft, and tanks.
b. Test ranges.

c. Radar and instrumentation remoting.

d. Local area networks (LANs).

It is not intended that existing fiber optic facilities be immediately
converted to comply with this standard. New facilities and those undergoing
major modification or rehabilitation shall comply with the standards
contained herein. It is also not intended that these standards inhibit
advances in communications technology. Such advances are encouraged by
including DOs which should be achieved or exceeded if economically feasible,
and by standardizing design parameter values rather than the technology used
to achieve them. If deviation from this standard is required, see the waiver
procedures contained in DoD Directive 4640.11.

1/2
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2. APPLICABLE DOCUMENTS

2 1 A
2.1 Government documen

2.1.1 Specifications, standards, and handbooks. Unless otherwise
specified, the following specifications, standards, and handbooks of the
issue listed in that issue of the Department of Defense Index of
Spec1f1cat1ons and Standards (DODISS) spec1f1ed in the sol1c1tat1on form a
part of this standard to the extent specified herein {see 6.2).

STANDARDS
FEDERAL
FED-STD-1037 Glossary of Telecommunication Terms
MILITARY
MIL-STD-188-114 Electrical Characteristics of Digital
Interface Circuits
MIL-STD-188-115 Interoperab111ty and Performance Standards
for Communications Timing and
Cunrhvranirat+inn CQithevetamce
LQYHernruinrLavivrl ouuoy S Ltiiio
MIL-STD-1678 Fiber Optics Test Methods and
Instrumentation
(Copies of the referenced Federal and miiitary standards are avaiiable from
the Department of Defense Single Stock Point: Commanding Officer, Naval
Publications and Forms Center, ATTN: NPFC 106, 5801 Tabor Avenue,
Philadelphia, PA 191 0-5099= For specific acquisition funct1ons. these
documents shou]d be obtained from the contracting activity or as directed by

2.1.2 Other Government documents, drawings, and pubiications. The
following other Government document forms a part of this standard to the
extent specified herein. Unless otherwise specified, the issue is that cited
in the solicitation.

DEPARTMENT OF DEFENSE (DoD)

DoD Directive (DoDD) Acquisition Streamiining
cNnNnNn A2
JUVU,. "0

(Application for copies should be addressed to the Commanding Officer, Naval

Publ1cat1ons and Fonns Center, ATTN: NPFC 106, 5801 Tabor Avenue,
Philadelphia PA, 19120-5099.)
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2.2 Non-Government publications. The following documents form a part of

this standard to the extent specified herein. Unless otherwise specified,
the issues of the documents which are DoD adopted are those listed in the
jssue of the DODISS cited in the solicitation. Unless otherwise specified,

T P

the issues of the documents not listed in the DODISS are issues of the

A +
documents cited in the solicitation (see 6.2).

AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI)

ANSI Standard Digital Hierarchy--Electrical Interfaces
11.102-1987 Specifications: Singie-mode.
(Application for copies should be addressed to the American National
Standards Institute (ANSI), 1430 Broadway, New York, NY 10018-3308.)
TELECOMMUNICATIONS INDUSTRIES ASSOCIATION (TIA)
(formerly Electronic Industries Association (EIA))
EIA-455 Series Standard Test Procedures for Fiber Optic
Standards Fibers, Cables, Transducers, and Connecting
and Terminating Devices
(Requests for copies should be addressed to the Telecommunications Industries
Association (TIA), 2001 Eye Street, NW, Washington, D.C. 20006. ATTN:
Standard Sales Office {Telephone {202) 457-4966).)

2.3 Order of precedence. In the event of conflict between the text of
this document and the references cited herein, the text of this standard
shall take precedence. Nothing in this document, however, supersedes
applicable laws and regulations unless a spec1f1c exemption has been

abode o e

obLainecu.




3.1 Terms.
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specified in the current edition of FED-S
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definitions are

Cable cutoff wavelength.
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3. DEFINITIONS

LAl VS

is document shall be as
In addition, the foilowing

PO S S |

is sitdnadra.

Definitions of terms us
appliicabie for the purpo

For a single-mode fiber under specified length,

bend,

and depToyment conditions,

the wavelength at which the fiber's second-

order mode is attenuated a measurable amount when compared to a multimode

reference fiber.

Optical line code.

communications link, any po
an

1{nmant Ar madium

L AL WIC N T s

Sequences of optical pulses suitably structured by

waveform or other characteristics to permit information transfer over the

optical Tink.

Optical rece
UPU’V L} L

-,
«<

*
i

=y

ynamic range, The ratio in decibels (dB)

My TvRAnT ) W

etween the

[
minimum receive
(BER) and

Peak w
max 1mu

NOTE :
wavelength”

wavelength".

wavelength.
m.

In some cases,

betwe
input optical power required for a specified bit error ratio

the receiver input power at which overload occurs.

The wavelength at which the intensity of the source is

..... it is appropriate to specify the “central
(of an optica] source) in place of the "peak
See 6.3 for further explanation of these terms.

The value of the dispersion slope at the fiber's

Zero-dispersion

1op
avel +h {Coo nav

.
an
- ite AWUT e e

nt
-

Elwn

wavelength, A wavelength at which the fiber dispersion

coefficient 1s zero.

Tn single-mode fibers, it occurs where the dispersion

has been designed such that the dispersion coefficient goes to zero.
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3.2 Abbreviations and acronyms.

MIL-STD-188-111A

ent are defined below.
-
i

7 h
have been

includ
Ill\'lu\.l

Abbreviations and acronyms used
Those listed in the current edition of
ded for the convenience of the reader.

American National Standards Institute

bit-count integrity
bit error ratio

decibel(s)

Defense Communications Agency

data circuit-terminating equipment

Departmental Standardization Office

design objective

Department of Defense

Department of Defense Directive

Department of Defense Index of
Specifications and Standards

data terminal equipment

data unit interval

Electronic Industries Association
fiber optic test procedure
Federal Supply Class

Federal Supply Group

Joint Chiefs of Staff

kilobits per second

kilometer(s)

Tocal area network

1-~
thb lettl”y d!udc

megabits per second
multilongitudinal-mode (laser)
nanometer(s)

National Military Command System

Office of the Assistant Secretary of

Defense
optical carrier
optical fiber system test procedure
pu]se-code modulation
Procurement and Logistics
parts per million

picosecond(s)

Standardization and Data Management
single longitudinal-mode (laser)
S

gle-mode fiber

[ad

Te]ecommun1cat1ons Industries Association

time-division multiplexing
m1crometer(s)

—e
w
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NG 4. GENERAL REQUIREMENTS

4.1 General description of a digital fiber optic link. A fiber optic

1ink inc]udes as a minimum, an opt1cal transm1tter an optlca] receiver, and
an optical f1ber waveguide wh1ch is normally enc]osed within a cable. The

1ink may also include repeaters, connectors, and splices. Normally, the
transmitter accepts an electrical input signal and delivers an optical output
signal, and the receiver accepts an opt1ca? input signal and delivers an
electrical output signal. The fiber serves as the medium for propagating

v g d - LA = Al -]
optical signals between the transmitter and the receiver. A representative

digital fiber optic link is shown on figure 1. Note that this figure shows
only one direction of transmission. A full- dup]ex 1ink would have both a

JEN }

transmitter and a receiver at each end. Transmitters and receivers may
incorporate additional functions such as multiplexing and demultiplexing.
The electrical and optical interfaces may be built into the data terminal

equipment (DTE) or data circuit-terminating equipment (DCE). Elements of the
opt1ca1 transmitter and the optical receiver (including optical sources and
opt1ca1 detectors) may be included in a single piece of equipment. In some

applications, the fiber optic elements may be built into the DTE or DCE.

NOTE: The term "repeater" refers to a device that amplifies,
reshapes, retimes, and retransmits digital signals, or performs
any com mbination of these functions. If all of the functions are

performed, the device is referred to as a "regenerative" repeater.

Electrica

Ny

" 4,
4.2.1 MIL-STD-188-114 requirement. Except as stated in 4.2.2, digital
fiber optic Tinks shall provide the capability for a digital 1nterface
characteristic for binary signals at the link input and output terminals,
either balanced or unbalanced, as appropriate, in accordance with the
applicable requirements of MIL-STD-188-114.

ment to provide a MIL-STD-188-114 interface
that a fiber optic link shall either have
term1nals with MIL-STD-188-114 interface characteristics, or be
designed with the necessary provisions {such as replacement

modules or plug-in prlnted circuit cards) to implement a

)
{
)

MIL-STD-188-114 interface when needed. In accordance with the
tailoring requirements of DoDD 5000.43, the procurement activity
must make the necessary decisions regarding the interface
capabilities of a fiber optic 1ink and the engineering solutions
needed to implement those capabilities.

NOTE 2: In those cases where a fiber optic 1ink must interoperate

with a DCE or DTE that has a nonstandard digital interface, it is
expected that a MIL-STD-188-114 interface will be provided at the

DCE or DTE. This can be accomplished by (a) replacing the
e

nonstandard DCE or DTE with equipment that meets MIL-STD-188-114

requirements, (b) modifying the nonstandard equipment, or (c)
‘ adding an interface box that performs the necessary conversion
AN between the nonstandard characteristics of the DCE or DTE and the

MIL-STD-188-114 interface of the fiber optic 1ink.

n
W
ul
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ELECTRICAL ELECTRICAL
INTERFACE INTERFACE
FIBER OPTIC LINK (NOTE 1) -
e 1 R OPTICAL INTERFACES 5 i—"“"""—"'“—__"
i 1/ O\ / A\l
. FIBER OPTIC J._JA \ REPEATER ,LA Y | Fiser opic | | CE/OTE
P|oTE/DCE [ rpansmiTter]| [~ V) V71| recewer [0
I ¥
| N\ /o
AN Yy
. \-riBer—" e
(NOTE 2) (NOTE 2)
NOTES:
4 Tha lal ma immnliirdae Annnantare enliraoe and ronaantare
L PIIG N lllu, Wiy MG wWWIHIYWIVI O, Gpitww ) w@irw A AL g
2. The DTE/DCE and the fiber optic transmitter or receiver may be combined into a singie unit.
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*NOTE 3: In some cases, it is not feasible to modify or replace
nonstandard DCE or DTE. For example, the DCE or DTE might be the
property of a commer rcial carrier, or replacement or mod1f1cat1on
_.- meled Lo L m e m P dom Al

uneconomic

N 'I-.n- AmIIS AN

ue 1o L”C 1a Iyt quau\.u._y UD bll!‘.’ cquopmcnt

H
‘v e
nvoly such cases, it is acceptable to equip the fiber

optic 11nk w1fh the nnnqtanda rd interface character1stic needed to

connect and 1nteropera£er1th the DCE or DTE. This nonstandard
interface characteristic of the fiber optic 1ink shall be in
addition to its capability to provide an interface characteristic

ART oTA YN0 Y3 A

per miL=Jdiv=- 100=-114.

n

< C
-..-I(-A
CLG
rﬂm»
1 =
=
3 =
oo
m -
m CL

D
/e

-ty I

NOTE 4: The reason for requiring a fiber optic link to provide
the capability for a MIL-STD-188-114 interface, even if not
immediately needed, is to facilitate the replacement of
nonstandard DCE or DTE with standard equipment at a later date.
Without this capabiiity, the repiacement of oid nonstandard
equipment would require either new nonstandard equipment or an

npgradlng Gf the fiber ﬁp*ir 1inb to accommodate standard

equipment. The additional cost of the MIL-STD-188-114 interface
capability for new fiber optic links, even if the capability is
not immediately needed, is considered acceptable since it will
greatly facilitate the introduction of future generations of
standard*equipment and reduce the proiiferation of nonstandard
c\-.UIHIIICIILa

4.2.2 Other types of electrical interfaces. Not standardized. North

American commercial equipment operating at the DS1, DS1C, DS2, DS3, and DS4NA
data signaling rates shall be exempt from the mandatony MIL 5lu-l88-114
interface requirement. The following European rates shall aiso be exempt

8.448 Mbps, 34.368 Mbps, 139.264 Mbps, and DS1E (2.048 Mbps).
NOTE: The North American data signaling rates are as follows:

DS = 1.544 Mbps;
DSIC = 3.154 Mbps;

DS2 = 6.312 bps;
DS3 = 44,736 Mbng; and
DS4NA = 139.264 Mbps.

4.3 Protection of signal sense. A fiber optic link shall not invert the
log1c and s1gna1 sense of b1nany signals transmitted from the input to the

..... -2
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4.4 Optical 1ine code. The line code shall not restrict the number of
sequential binary "ones” or "zeros" that may be contained in the information
to be transmitted over a fiber optic Tink.

Clocking. Where clocking is required (i.e., for synchronous
clockin

g equipment and method of clock recovery shall conform to
0
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4.7 Test and measurement procedures. DoD-adopted procedures for
measuring characteristics of fiber optic components are contained in
MIL-STD-1678, and shall be used whenever appropriate.

NOTE: DoD procedures are often adopted versions of Electronic
Industries Association (EIA) procedures (with or without
modification). Consequently, many DoD and EIA procedures are
similar or identical. EIA test procedures for fiber optic

components are referred to as fiber opt1c test procedures (FOTPs)
and are contained in the EIA-455 series of standards. EIA test

md s aian e L raian A ar Anddaal
procedures for fiber optic systems are referred to as opticai
Fihar cvetam +act nraradivrac [OFSTPe) and will he nubliched in
T1oer SYsSiaim oL proLelures \v- Siv§) ahl Wi 28 pul i isniel In

appropriate EIA standards.

10
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: 5. DETAILED REQUIREMENTS
N
5.1 Input data signaling rates.
.1.1 Long-haul. Fiber optic systems used in long-haul applications
shal] be capable of accept1ng input data signaling rates of up to at least
44,736 Mbps. This rate is the DS3 rate described in American National
Standards Institute (ANSI) Standard T1.102-1987.
5.1.2 Tactical. As a minimum, tactical fiber optic links shall have the
capability of accepting the following input data signaling rates:
72 kbps 1024 kbps
128 kpbs 1152 kpbs
144 kpbs 1536 kpbs
256 kpbs 2048 kpbs
288 kpbs 2304 kpbs
512 kpbs 4096 kbps
576 kpbs 4608 kbps
NOTE: These rates are multiples of 8000 bps. Specifically, they
correspond to 8000N, where N takes on the following values:
9, 16, 18, 32, 36, 64, 72, 128, 144, 192, 256, 288, 512, and 576.
" 5.2 Optical line rates. Not standardized

1A does not require that
es not preclude or discourage

NOTE: Appendix C lists a set of optical line rates {for single-
mode systems) adopted by ANSI. Nh1]e these rates are not a
mandatory part of MIL-STD-188-111A, the designers of long-haul
systems should be aware of their existence. Use of such rates
within DoD will facilitate interfaces with commercial 1inks using
8-
it

e
terface
the same rates. While MIL-STD-188-1
these rates be used within DoD, it d
their use.

5.3 Service-channeil bit stream.

5.3.1 Long-haul. A service channel shall he nrnv1ded for fiber ODt1C

s used in iono-ﬁau] applications. This service channel may be routed
in-band (i.e., through fiber optic cable), or out-of-band (i.e., through
another medium, such as radio or metallic cable). The capacity (bit rate) of
this service channel is not standardized.

5.3.2 Tactical. Tactical fiber optic 1inks shall have the capability of
accepting servi Channel bit streams at the following rates: 16 kbps and 32
kbps.

IR
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5.4

~ e -

ink availability.

5.4.1 Long-haul. Availability of the active elements within an
unrepeatered long-haul link shall be O. 999984. Unavailability of a link
shall be defined by the following conditions:

a. Li"ﬁ degradation results in a bit error ratio (BER) that exceeds
10-4.

b. The degradation occurs for a period in excess of 60 consecutive
seconds {one minute].
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NOTE: This BER value equates to 8.4 minutes of downtime per
year. It app11es to all active e]ements within each unrepeatered

..... R~

iink. For links with n repeaters, the availability shall be:

Availability = 1-0.000016(n+1)

5.4.2 Tactical. Not standardized.

5.5 Bit error ratio.

5.5.1 Long-haul. The bit error ratio (BER) for a long-haul fiber optic
link shall not exceed (K) x 10-11, where K is the length of the link in
kilometers.

o5.5.2 Tactical. The BER of a tactical fiber optic link shall not exceed

5.6 Mean time to loss of bit-count integrity. Under consideration.

5.7 Jitter.

5.7.1 Jitter requirements for long-haul systems. Jitter at the
1.544-Mbps and 44.736-Mbps interfaces of fiber optic Systems carrying PCM/TDM
signals shall meet the requirements given in the subparagraphs below. Jitter

is not standardized for other system rates, except that it must be w1thin

PR

5.7.1.1 Tolerable input jitter. Long-haul fiber optic 1inks shall be
capable of tolerating input jitter (at the electrical interface shown on
figure 1) up to the levels shown on figures 2 and 3. These levels are

frequency. Tolerable 1nput J1tter is defined as the jitter which can be
applied to the link without causing an increase in BER or loss of BCI.

5.7.1.2 Intrinsic jitter. Intrinsic jitter is defined as the output
jitter of a fiber optic Tink in the absence of input jitter. Intrinsic
jitter 1imits are under consideration.
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§.7.1.3 Jitter transfer characteristic. The jitter transfer

characteristic is defined as the ratio of the ampl1tude of output jitter of a
fiber optic 1ink to the amplitude of input jitter for a given jitter

frequency and a given bit rate. The jitter transfer characteristic is under
consideration.

5.7.2 Phase jitter requirements for tactical systems. Tactical fiber
optic 1inks shall be capable of tolerating phase jitter [at the electrical
input to the 1link) up to the levels shown in table I. Tolerable input

jifter, in this case, is defined as the maximum jitter that can be applied to
the link without causing an increase in BER or a loss in BCI.

TABLE I. Phase jitter 1imits for tactical fiber optic links.
Bit rate Tolerable input jitter
(kbps) (data unit intervals)
256 2.5
512 2.6
2048 3.7
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5.8.1.1 Long-haul. Not standardized.

NOTE: It is recommended that optical transmitters have a peak (or
central) wavelength within the ranges indicated in append1x C.
See 6.3 for the distinction between peak and central wavelength.

ical. The peak wavelength of optical transmitters used for
11 not be less than 1270 nanometers (nm) and not greater:

NOTE: Full-width half-maximum is a measure used to quantify the
spectral width of an LED source. Full-width half-maximum refers
to the spectral width of the source measured at a point 3 dB below
the power output at the peak wavelengtn. 1t is recommenasd tnaE
ve w

spectral widths of lasers used in long-haul applications within
the ranges given in appendix C.

p—}
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5.8.3 Pewer stability. The power output of an optical transmitter shall

not vary from 1ts nominal value by more than 3 dB over the 1ife of the
...... D de b~ T2 o Q vimiat s S o addas b Al +n amdem AmY
L’demlLLEY. nis UD varijajiwe 1> OLLVIUUL pre LU ayiny oviiry.

5.9 Optical receiver characteristics.

5.9.1 Sensitivity. Not standardized.

5.9.2 Receiver dynamic range.

9 2 } LGH"=hau] The dyna m{r rannae nf ontical racreiverc c¢hall naot he
. . . - JI mie lﬂllsc AV \JPbI\-ul l‘-\'C!"IJ SHIA L IV e we
less than 26 4B iDD 30 dB). The lower end of the dynamic range shall be the
minimum receiver input value at which a BER of 10-9 is attained.

5.9.2.2 Tactical. Not standardized.

C 1N 'I"-A.-’I A2 md oo T he o sovmvs o massomn dosmede ) Al Al iad o A Airm A ammas

J.1U fO0Ldi aiIsSLorceiofi. ine maxiimuim Luiadail arsvoruvivn, uue v ariy
combination of causes and including both rise and fall times, shall not
exceed 25 percent of the theoretical data unit interval for pulses
transmitted from the input to the output of a fiber optic link.

5.11 Power margin. The s system power margin measured at the input of the
receiver shall be not less than 3 dB. System power margin is defined as fhé
difference between available power and the power needed to overcome system
losses and still satisfy the minimum input power requirements of the
receiver, The 3-dB power margin referred to above is an unallocated margin.
That is, it is figured into the link power budget after all other allowances
(such as for temperature, aging, splices, etc.) have been made.

5.12.1.1 Cable plant. As a design objective, the cable plant should:
(a) have the capacity to accept an optical line rate of 622.08 Mbps and (b)
be capable of single-mode operation at both 1310 and 1550 nm.

soci at1ve1v
easy to rep]ace. Shoutld t become necessary to upgrade a Tink, it
is advantageous to have a high-capacity cable already 1nsta11ed.

5.12.1.2 Tactical fiber characteristics.
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5.12.1.2.2 ~1t1mode fiber., Multimode fiber

e T a | ska oLl LA m e

applications shal

a. Meet the requirements of 5.12.2 (size), 5.12.3 (attenuation), 5.12.4
(bandwidth-distance factor), and 5.12.7 (dispersion).

om appropriate specifications wit

N —h
O

5.12.2 Fiber size.

5.12.2.1 Multimode fibers used in long-haul applications. Not
standardized.

lications. Multimode

5.12.2.2 Multimode fibers used in tactical appl mode
fibers used in tactical applications shall have a nominal core diameter of
50 um and a nominal cladding outside diameter of 125 um.

5.12.2.3 Single-mode fibers used in long-haul applications. Single-mode
fibers used 1n Tong-haul applications shall have a nominal cladding outside
diameter of 125 um. The size of the core is not standardized.

5.12.2.4 Single-mode fibers used in tactical applications. Under
consideration.

5.12.3 Attenuation coefficient. Values given in the foliowing
subparagraphs are Tor cabiea Tipers.

NOTE: The term "attenuation coefficient”, as used here, is

synonymous with “attenuation rate.”

5.12.3.1 Long-hau] The attenuation coefficient for cabled multimode
fibers shall not be more than 3.5 dB per km when measured at 850 nm, nor more
than 1.0 dB per km when measured at 1310 nm. For single-mode fibers, the
attenuation coefficient shall not be more than 0.5 dB per km when measured at
1310 nm, nor more than 0.3 dB per km when measured at 1550 nm,

5.12.3.2 Tactical. The attenuation coefficient for cabled fibers used

in tactical applications shall be in accordance with appropriate Military
Specifications within FSG 60.

5.12.4 Bandwidth-distance factor (multimode fibers only). The
bandwidth-distance factor shall be as shown 1n table II.
TABLE I1. Bandwidth-distance factor for multimode fibers.
Operating Minimum bandwidth distance factor
wavelength Long-haul applications Tactical applications
850 nm 800 MHz x km 250 MHz x km
1290 nm 400 MHz x km|
1310 nm 1000 MHz x km

—
(o))



5.12.5 Cable cutoff wavelength (single-mode fibers only).
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Cutoff

wavelength for cabled single-mode fibers shall be within the range of
1100-1280 nm.
£ 12 & Tovn= navedinn wavalanath and c¢lanea (einAlaemndae fihare Anlv)
e 1 L, W LTI VU }ICIDIUII "G'CICIIA:_UII ("R RASS .)YVVC \Dlllvlc muue LI IR 4 =Sy s 3 UlllJ,.
Zero-dispersion Tength and sTope for singlie-mode tibers shall be as shown
in table III.
TABLE III. Zero-dispersion 1imits for single-mode fibers.
Nominal Zero-dispersion Zero-dispersion
wavelength wavelength slope
(nm) {(nm) (ps/(nm2 x km))
1310 1301-1322 not more than 0.093
NN iindoar ~raAancidaratinn undoayr rancidoaration
P I MIINACT T LVITOITJUT T i vl (" RRAS} ¥ VIl I bW Wl Vit
NOTE The dispersion addressed in this paragaraph is often called
"chromatic dispersion.”
L Y2 7 n-....\h An ~ran€f€fsrsant N ennresnn Tamite chall ha ae cnacrifiad
Jello/ Uit opT Ut LUCT T ILICIiV. VISPTIOTUIL 1 i Lo 2iigri v o optriiicu
in the followina naraaqranhs.
in the following paragraphs.
5.12.7.1 Long-haul. Dispersion 1imits for long-haul applications shall

be as shown in ta

TABLE IV. Long-haul dispersion limits.

Maximum allowable

Wavelength dispersion coefficient
Multimode

850 nm 120 ps/(nm x km)

1310 nm 6 ps/(nm x km)
Single-mode

1310 nm 3.5 ps/{nm x km)

LN s N DN o J e v b\

130U i cU Py /LN A KUy
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c 19 97 » Tarmtdimal N{en 3 i my
5.12.7.2 Tactical. Dispersion limits for tactical a

as shown in table V.

TABLE V. Tactical dispersion limits.

Maximum allowable

Wavelength dispersion coefficent
Multimode
850 nm Under consideration
1280 nm 6 ps/{(nm x km)

Sing]e-mode
1290 nm Un
1550 nm U

5.13 Connector insertion loss. Connector insertion losses shall not
exceed the values shown in table VI. These values apply to both multimode
and single-mode fibers.

TABLE VI. Connector insertion losses.

Long-haul Tactical
applications applications
Single-fiber
connectors 0.5 dB (DO 0.3 dB) 1.0 dB
Multifiber
connectors 1.0 d8 (DO 0.7 dB) 1.5 dB

5.14 Splice loss. Maximum loss for any single permanent splice (of any
type) shalT not be greater than 0.5 dB. The average splice loss in any 1ink
shall not exceed 0.3 dB. This requirement does not apply to
"field-expedient" splices in tactical applications.

18
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6. NOTES
ction contains information of a general or explanatory nature that
elpful, but is not mandatory.)

Intended use. This standard contains requirements to ensure
rabiTity of new long-haul and tactical fiber optic facilities, links,
ems.

Issue of Do

- SSwT L&

SS When this standard is used in acauisition, the

25Q L2042 Q!

oDISS.
Te issue of the DoDISS must be cited in the solicitation.

Substitution of central wavelength for peak wavelength.

1n some cases (see c. below), it is appropriate to specify the
"central wave1ength (of an optical source) in place of the "peak

wave]enath

Peak wave]ength is that wavelength at which the power output of a
source is max1mum central wavelength, on the other hand, is a
"weighted average" that takes into account how power is distributed

i
among the various wavelengths encompassed within the spectral width

of the source. If this distribution is symmetrical about the peak
wavelength, then the peak and central wavelengths will be the same;
if not, the central wavelength will be higher or lower than the peak
wave]ength In the latter case (asymmetrica] power distribution)

central wavelength gives a more accurate description of where the

sdnc
TUT O

mALIA Y W

effective power res

C

The asymmetrical power distribution described above is typical of
mu]t110ng1tud1na1 -mode (MLM) lasers; hence, for this type of laser,

"central wavelength" is a better indicator (than peak wave]ength) of
where the effective power resides. The TIA favors the use of "central
wavelength" in specifications for MLM lasers.

Subject term (key word) listing.

D

iber opt1c systems
t nuation coeff1c
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J1tter, 1ong haul tactical
Link availability

Military standard
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Power stability
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6.5 Changes from previous issue. Marginal notations are not used in
this revision To 1dentify changes with respect to the previous issue due to
the extensiveness of the changes.

20
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THE FFBER OPTIC COMPONENT STANDARDIZATION PROGRAM

1N ~NDrC
[V Lurec

10,1 Purpose. This appendix provides information on the fiber optic
standardization program under Federal Supply Group 60 (FSG 60), Fiber Optics
Materials, Components, Assemblies, and Accessories.
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t documents. The following document forms a part of this
e i

DEFENSE STANDARDIZATION MANUAL (DSM)

DoD 4120.3-M Defense Standardization and Specification
Program Policies, Procedures, and Instructions

30. DEFINI

30.1 Standard definitions and acronyms. See section 3.

30.2 Standardization Program Plan. This is a new type of standardization
document not yet covered by the DSM. It is a plan that will define the ongoing
efforts within DoD for standardization, identifying standardization work and

agreements.

30.3 Other definitions. Other definitions shall be in accordance with the

DSM.
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40, GENERAL INFORMATION

40.1 FSG-60 str

|uuv

classify, stock

tructure. This group establishes the framework used to buy,
store, and issue f1ber optic hardware. The DoD standard-
ization program is built around the classes within this group. These Federal

Supply Classes (FSCs) are as listed in table A-I.

1

TADI LT A Y
FADLT A=il.

Sp uppry .
FSC Title
6004 Rotary Joints
6005 Couplers, Splitters, and Mixers
£§00¢6 Attenuators
6007 Filters
6008 Optical Multiplexers/Demultiplexers
6010 Fiber Optic Conductors
6015 Fiber Optic Cables
6020 Fiber Optic Cable Assemblies and Harnesses
6021 Fiber Optic Switches
6025 Fiber Optic Transmitters
6026 Fiber Optic Receivers
6029 Optical Repeaters
6030 Fiber Optic Devices
6031 Integrated Optical Circuits
6032 Fiber Optic Light Sources
6033 Fiber Optic Photo Detectors
6034 Fiber Optic Modulators
6035 Fiber Optic Light Transfer and Image Transfer
Devices
6040 Fiber Optic Sensors
6050 Fiber Optic Passive Devices
6060 Fiber Optic Interconnectors
6070 Fiber Optic Accessories and Supplies
6080 Fiber Optic Kits and Sets
6099 Miscellaneous Fiber Optic Components
40.2 Standardization Program. This program is established by DoD
4120.3M which requires using thé FSCs to classify components. The goals of

the Standardization Program are to minimize duplication of parts and parts
designs, avoid unnecessary characteristics and test procedures and, whenever
feasible, use commercial parts and competltwve sources without compromising
reliability. This is accomplished through deve]opment of specifications and
standards, both miiitary and industry, as outlined in the Standardization

[ o NPy

n
Program P

af.

—_—

40.3 Standardization Program Plan. The Standardization Program Plan for
FSG 60 is Tiormally published annually. It reflects the issues, prob]ems, and
goals to be addressed over the next five years by identifying the coordinated
positions of the Services on what actions will be accomplished in what time

~ny
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req ements with those

b. Reduce the need for DoD activities to buy sole-source items at

prem1 um DY"I ces.

c. Promote more efficient use of limited manufacturing resources.
Many industry standards and test procedures have a1ready been adopted.
w1despread adopt1on of industry specifications, on the other hand, is

nd

Anmimandadsanm a wval
awanuug further documentation an yaluation within industry DoD.
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40.7 Further information. Further information on the FSG-60 program can
be obtained at the address given in 40.3.
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APPENDIX B

TYPICAL APPLICATIONS FOR LONG-HAUL FIBER OPTIC LINKS

1N <rnNor
1V (S LV VI

10.1 Purpose. This appendix provides illustrations of typical interface
PROERERIIST WST——

arrE LA A A

points associated with long-haul fiber optic links used within DoD.

10.2 Applicability. This appendix is not a mandatory part of this
standard. The information in this appendix is for guidance oniy.

20, APP
standard.

ICABLE DOCUMENTS, This section
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30. DEFINITIONS. See section 3.
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APPENDIX C
RECOMMENDED OPTICAL LINE RATES AND
TRANSMITTER SPECTRAL CHARACTERISTICS

ose. This appendix provides information on recommended optical
smitter characteristics. It contains information based on
n 1 C+n' dandc Tntfi?lnfn (A QI\ Q*:nd:rﬁ T] 106 1°QR Thjs

IHnouvi Ly \nu

-
('Dﬂ

uirements needed to attain c@mpatlbxllty at a

interface, such as between an interexchange carrier and

s
ca]

S
c ics that app]y for the purpo ses of this
). Anyone interested in obtaining the complete
d

20. APPLICABLE DOCUMENTS
20.1 Government documents. Not applicable.

20.2 Non-Government publications. The following document forms a part
of this appendix to the extent specified:

AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI)
ANSI T1.106-1988 American National Standard for Telecommuni-
cations--Digital Hierarchy--Optical Interface
Specifications: Single-mode
(Application for copies should be addressed to American National Standards
Institute, 1430 Broadway, New York, NY 10017.)
30. DEFINITIONS
30.1 Standard definitions and acronyms. See section 3.
30.2 Other definitions and abbreviations. This paragraph lists
definitions and abbreviations that are not used (or not defined in the same
way) elsewhere in the text of MIL-STD-188-111A.

he optical line rate {bits per second) is the gross bit rate
e after a11 processing that appears at the boundary
ﬁl - el
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Maximum skew tenth maximum (MSTM). A measure of the spectral width of a
multilongitudinal-mode faser, Specificaily, MSTM is the waveiength
difference between the peak power mode and the farthest mode having
one-tenth {-10 dR) the power of the peak mode, If no mode is present at
the -10 dB point, linear interpolation (between the two modes on either
side of the -10 dB point) should be used.

MLM. multilongitudinal-mode (laser)
NRZ. non-return-to-zero

Optical interface. The optical interface is identified as the transmit

point wherein Tight waves move away from the interface toward an optical
rece'l ver.

RZ. return-to-zero

Side-mode suppression ratio (SSR). The ratio {in dB) of the optical
power in the dominant Tongitudinal mode (M1) of an SLM laser to the
opt1ca1 power in the most significant side mode (M2) under fully
modulated conditions.

coen YA Y o rnnﬁ\ 4N
AQIK = 1V IUS]O mMi ap
7§

SLM. single longitudinal-mode (laser)

15-dB-down. A measure of the spectral width of an SLM laser,
Specifically, the 15-dB-down spectral width is the wavelength difference
between points (on either side of the peak-power wavelength) at which

power has been attenuated by 15 dB.



Downloaded from http://www.everyspec.com

40. GENERAL “REQUIREMENTS

N

40.1 Optical line rates. The line rates, or optvca] carrier {OC) rates,

established by ANSI 11.706-1988 are as listed below in table C-1I:
TABLE C-I. Optical carrier rates.

OC Tevel Line rate (Mbps)
OC-T.viennennss ceeereessanaee ....51.840
0C—3..........-...............‘..]55.520
0‘:'95isaaaa================e=eee4669560
0C-12. . iiiicincenscacnonns .....622.080
0C-18iieecreccanes ceesersssennne 933.120
OC—24 Sess 0000 s 00000000 coonoo.oT?dq’cTGO
0C-36..ivucvenscnnnnne ceeessas.1866.240
0C-88. ittt titertnnencns 2488.320

NOTE: These rates are integer multiples of 51.840 Mbps and use

NRZ/RZ coding.

40.2 Spectral characteristics of optical transmitters. ANSI T1.106-1988
requires that laser transmitters have the characteristics listed in
paragraphs 40.2.1 through 40.2.4. It does not address LED transmitters

N 40.2.1 Characteristics of 1310-nm multilongitudinal-mode (MLM) lasers
a. For links less than or equal to 25 km, the interface wavelength must
be within the range of 1270 to 1340 nm. For transmitters operating
within this range, the maximum allewab]e spectral width is as shown
in table C-II.
TABLE C-II. Optical carrier spectral widths for links less
than or equal to 25 km {7370-nm MLM iasersj.
Central wavelength :
range (nm): 1300-1320 1285-1330 1270-1340
Line rate Maximum allowable spectral width (nm) (MSTM)
0c-1 30 30 30
0C-3 15 15 15
0C-9 10 7 5
0C-12 8 5.5 3.5
NOTE: Spectral width requirements for other rates are under study
\ , or have not yet been addressed.
N

(O8)
o



Downloaded from http://WWW.everyspec.com

MIL-STD-188-111A
APPENDIX C
b. For links greater than 25 km but less than or equal to 40 km, the
interface wavelength must be within the range of 1285 to 1330 nm.
For transmitters operating within this range, the maximum allowable
spectral width is as shown in tabie C-III.
TARIE C~_TT17 Nn+sral ~rarvriar cnortral wid+he far linkec naroatar than
I NRL v d 14, UJJLI\,G! warn 1<y Jy‘—\'\vlul wIuLIio DA A] PIIIR S Yi LU LG wituo
75 km and Tess than or equal to 40 km (1310-nm MM Tasers).
Centrail waveiength
..... [ e ) . 123NN _1122N 19270 122N
ranyec ymiy ., 1oVU= | odV 100~ 109U
[Line rate Maximum allowable spectral width (nm) (MSTM)
0C-1 25 25
0C-3 iC i0
ne_o 7 g A B
LA I e J Ve
0C-12 6 3.5
NOTE: Spectral width requirements for other rates are under study
or have not yet been addressed.
AN 2 9 CFhavartardsetire Af 1210 nm cinnla Tanas+ndinal_mnda (S M)
AN Y & wviiQirn as vo ToLILO AVl LRV N I v ran Jll!:’lc lvuyvbuuluul BV AY L \\)l—ll[
lasers. For 1inks Tess than or equal to 40 km, the interface wavelength must
be within the range of 1280 to 1340 nm. For transmitters operating within

this range, the maximum allowable spectral width is 1.0 nm. Thisrépectra1
width shall be measured by the "15-dB-down" method (see section 30)}. The

side-mode suppression ratio dB

40,2.3

(SSR) must be greater than or equal to -25 dB.

TQEAST T S

a. For links less than

or equal to 25 km, the interface wavelength must

be within the range of 1525 to 1575 nm. For transmitters operating
within this range, the maximum allowable spectral width 1s as shown

- - o S B ~ TAr
1M wvdabileg L=1yv,
TABLE C-1V, Optical carrier spectral widths for links less than or
equal to 25 km {1550-nm MLM Tasers).
Central wavelength
_____ [ SN N NCAN YCOCOoN YN Aar7c
range wvmnnj . 1 04U~=100V 12€9=i12/9

Line rate Maximum allowable spectral width (nm) (MSTM)
0C-1 30 30

0C-3 15 15

0C-9 10 7

0c-12 8 5.5

34
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b. For links greater than 25 km but less than or equal to 40 km, the
interface wave1ength must also be within the range of 1525 to 1575
nm. For transmitters operating within this range, the maximum
allowable spectral width is as shown in table C-V.

TADI C r_V Nndsra)l mamimsam enamdumal widedhe FAm 1inbe mnaatanm $han 28 Lm
TNDLLE VTV, ‘\i}JbILGI carr i )PC\-LIQI wiueinio rJT 1HIIRS YirTadlor LIIAN v AN
and less than or egual to 40 km [1550-nm MLM Tasers].

Central wavelength o o

range (nm): 1540-156U 1525=-15/5

Line rate Maximum allowable spectral width (nm) (MSTM)

0oC-1 25 25

oc-3 10 0

0c-9 7.5 4,5

0C-i2 ) 3.5

NOTE: Spectral width requirements for other rates are under study
or have not yet been addressed.

40.2.4 Characteristics of 1550-nm singie iongitudinai-mode {SLM}
lasers. For 1inks 1ess than or equal to 40 km, the interface wavelength must
Tr ot ham +ha mam~an ’\‘ 1E2E_1E7E mm FAav +vmanemitdare nnavatinag within +hic
DT WiLhill LIIT 1 aiiyc 190V VAT tlle Ui CIiQionil LLTi O VpTl GLiliy wi wiiii il 9
range, the maximum 211nwah10 spectra1 width is 1.0 nm. This spectral width
shall be measured by the "15-dB-down" method (see section 30). The SSR must
be greater than or equa1 to -25 dB.

35/36
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