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1. This military standard is approved and mandatory for use by all
Departments and ﬁnnnrlnc of the nannrfmﬂnf of Defense in accordance with
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0ASE {C31) Memo; 16 Aug 1983, Subject Mandatory Use of Military
Telecommunication Standards in the MIL-STD-188 Series {see appendix A).

2. Beneficial comments (recommendations, additions, deletians) and any
pertinent data which may be of use in improving this document should be
addressed ta: Oirector, Joint Tactical Command, Control and

Communications Agency, ATTN: (C3JA-SE5, Fort Monmouth, MNew Jersey 07703-
5513, by using the sélf-addressed Standardization Document Improvement
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FOREWORD
1. Originally, Military Standard 3188 (MIL-STD-128) covered technical
standards for tactizal and long haul communications, but later evolved
through revisions "MIL-STD-18B8A, MIL-STC-188B) into 2 document
applicable to tactical communications only (MIL-STD-188C).

2. The Defense Communications Agency {(DCAY published DCA Circulars
{DCACL) promulgating standards and engineering criteria applicable to the
long haul Defense Communications System (DCS) and to the technical
suppart of <he National Militarv Command System {NMCS).

3. A @ result of & Joirt Chiefs of Staff (JCS' ection, standerds for
all military communications are now being published ir a MIL-STD-188
series of documents. The MIL-STD-188 series 1§ subdivided into a MIL-
STR-18%-100 series covering common standards for tactical and long haul
communicetions, 2 Mi_-ST}-183-200 series covering standards for tactical
commurizétions only, anc 3 MIL-STD-188-300 series covering stendards for
iong Faul communications onlv, Emphasis is being placed an deveioping
cpmmar ctaadards frrosaecio31 apd lane hayl cpmmoricatiang publishad e
the MIL-53T0-186-100 series.

L. in ny gigital communications systems, tne timing relationship
each particuler pulse 1o other puises in the same sequentiail stream is
fundamental to interpreting the information contained in the pulses. f
time division multiplexing, time division switching or time division
multiple access svstems are wused, this time relationshio is &
determining faztor as to whom the information belonos, as well as its
mearirg, i.e., particslar time slots are assigned for particuia-
purposes. The loss ¢f proper timing can be catastrophic anl cause all
received information to be meaningless. Therefore, it is imperative
that effective, survivable, economical system timing be provided for

military digital communications,
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5. Accurate time is vrequired for certain systems to estabiish
synchronization under jamming conditions to enhance reception or to
Geodd detealicn, Wilhoul atcucate Limg, LheEss avsbedns oWouid aot be able

to provide these capab111tres.

6. This document provides mandatory system standards for planning,
engineering, procurement and use of +iming and synchronization
capabilities for DoD digitel communications systems and indicates desigr
objectives for preferred network timing capabilities.

7. This document supersedes those applicable portions of MIL-STD-188-
200,
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1 SCOPE

1.1 Purpose. The purpose of this document is to provide a standardized
method of timing that will fully support Department of Defense {DoD)}
communications timing reguirements during peace and war, as well as
support new communications functions as the need arises.

The technical parameters promulgated by this document represent, in
general, minimum 1ntnroperab111ty and performance characteristics that

may be exceeded in order to satisfy specific requirements, This
gocument provides guidance required to achieve interoperability between
existing and future communications facilities. In addition, emphasis

has been placed on allowing maximum flexibility of system configurations
to satisfy diverse user requirements. This document is not intended to
be an engineering textbook or a reference handbook, However, this
document does contain technical background information to explain how
some of the standards were derived, why certain parameters were
standagdized, where these standards apply and how the standards are to
De used.

Tnis document aoes no: aopplv to systems that do not have to interoperate
with otnher systems. However, changing requirements and possible future
needs and the benefits of standardization must be considered before
making this determination.

This document is not a stand-alone, comprehensive, and engineering
refe-ence contezining 2all the technical deteils required for the design
of new eguipment and facilities or the preparation of specifications.
Conseguently, desion details such as size and weight limitations, cable
assemblies and power supply reuguirements are not contained in this
gccument,

NOTE 1: "Timing" 1is wused here in a general sense which includes
scheduling, regulating the rate and causing an action or event to occur
at a desired instant relative to another action or event, Hence,
synchronization is considered to be & special case of timing.

NOTE 2. "Time" is ysed in the sense of time-o¢-day {(T0D).

NOTE 3: "Time interval” indicates the duration of a segment of time
§1thout reference to when the time intervel pegins and ends. Time
interval may be given in seconds of time.

1.2 Application. This document is tec be used in the planmning, design,
develapment, procurement and instellation of ail new DoD digital
communications systems and those existing digital communications systems
undergoing major modifications or upgrade. This document does not
necessarily apply to leased commercial facilities, but such facilities
should be selected to be compatible with the requirements contained in
this document, :
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It is not intended that existing systens be i medi ately converted to
Comply with the requirements of this standard. Al design and

Devel opnent of equi pnent or systens started after the effective date of
Thi s docunent shall satisfy the requirenments of this docunent. This
Docunment is in accordance with DOD directive (DODD) 5160.51, Precise
Time and Tine Interval (PTTI) Standards and Calibration Facilities for
Use of Departnent of Defense Conponents and Federal Standard 1002 (FED
STD-1002), Time and frequency. Reference Information in

Tel econmuni cati ons Syst ens.

1.3 Objectives; The objectives of this docunent with respect to timng
and synchronization are: (a.) to insure a high degree of interoperation
of long haul and tactical equi pment, subsystens and systens consi stent
with mlitary requirenents; (b.) to provide a degree of system
performance acceptable to a majority of users of conmmuni cati ons systens;
and (c.) to achieve interoperability, performance and conpataiblity in

t he nost econoni cal way.

1.4 System standards and desi gn objectives. The paraneters and ot her
Requi renents specified in this docunent are mandatory system standards
(see appendix A) if the word “shall” is used in connection with the

par amet er val ue or requirenent under consideration. Non-nandatory
system paraneters and desi gn objectives are indicated as optional by the
word “shoul d” in connection with the paraneter val ue or requirenent
under consideration “WI1” is used to express a declaration of purpose
or intent. For a definition of the “system standards” and “design

obj ective”, see FED STD 1037.
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2 PREFERENCED DOCUMENTS

2.1 Government documents. The following documents and the documents
referenced In the cited documents (first tier) form a part of this
standard to the extent specified, A1l others are for guidance and
information only,

2.1.1 Specifications, standards, and handbooks. Unless otherwise
specifieg, the foltowing Specifications, standards and handbooks of the
issue listed in that issue of the Department of Defense Index of
Specifications and Standards (DODISS) specified in the solicitation form
¢ part of this standard to the extent specified herein.

Standards
Federa?
FED-STD-10C? Time and frequency Reference information
in Telecommunications Systems
FED-STD~1C37 Glossary of Teletommunications Terms

Mititary
4I1L-S8TD~1BB-114 Electrical Characteristics of Digital
Interface Circuits
MIL-I70~3¢0 Eleciroumdagnetic Emission and
Susceoctibility Requirements for the
Control of Electromagnetic Interference

DoD-5TD 13095/44) interface Standard for Shipboard Systems,
Precisa Time and Time Interval

2.1.2 Other Government documents, drawinas., and publications. The
fol1oying Government documents, drawings, and publications form a part
ef this standard to extent specified herein.

[A]

DOD

L)

516D.51 Precise Time and Time Interval {PTTI)
Standards and Calibration Facilities for

Use by Department of Defense Components

Copies of specifications, standards, handbooks, drawings, and
sublication:  raguired by contractors  in connection  with  specific
acquisition functions should be obtained from the contracting activity
or as directed by the contracting officer.

2.2 Order 07 brecedence, In the event of & conflict between the text
of this standard and the references cited herein, the text of this
standard shall take precedence.
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3 DEFINITIONS

3.1 QDefinition of terms, Definition of terms used in_this document
shall pe as specified in FED-STD-1037. Those definitions of terms
unique to timing and synchronization and not defined in FED-STD-1037 are
provided in appendix B.

1.2 Abbreviations and acronvms. The abbreviations and acronyms used in
this document are defined in FED-STD-1037. Those abbreviations and
-acronyms unique to timing and synthronization and not defined in FED-
$TD-1037 are provided in appendix C.

o
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4 GENERAL REQUIREMENTS

4.1- Networks,

4.1.1 Timing and synchronization. Al) operations within each node of a
netwark shall be timed from the nodal clock. Data shall be read into 2
retiming unit with the timing of the received signal and transferred out
with timing determined by the nodal clock. In accordance with FED-3TD-
1002 . and pooD 5160.51, whenever interoperabiiity between
telecommunications networks i5s dependent on time or freguency or time
and frequency reference information, the time and frequency shall be
referenced to (known in terms ¢f) the existing standards of time anc
frequency maintained by the U.S. Naval Observatory (USNO) or any source
traceable to Coordinated Universal Time (UTC) of the USKO. The accuracy
of the time and frequency reference information with respect to UTC
{USND} or a UTC (USND) traceable source shall be commensurate with
individual design and interface requirements. This can be accomplished
using internal and externazl timing and synchronization, CEither internal
or external timing shall be referenced to UTC (see DODD 5160.51 and FED-
STD-1002) when available.

NOTE 1. The term “referenced to (known in terms of}" as used above
identifies a common reference between networks, systems, facilities,
etc., in order to achieve interoperability. For example, knowing the
frequency accuracy of two networks does not necessarily indicate the
relative freguency offset between the twdo networks unless the frequency
accuracies ere “referenced to f(known in terms of)" the same (2 common]
frequency reference.

NOTE 2. FED-STD-1002 identifies the UTC (USNO) and UTC National Bureau
of Standards (NBS) as the two reference sources for Federal Agencies.
However, DODD 5160.51 identifies the USNO as the single DoD compenent
responsible for uniform and standard time and time interval operations.

ROTE 3. Once interoperation is achieved, referring to a common
reference external to the network{s) may not be required, since the
network(s) could implement master-slave derived timing or some other
scheme to ma2intain timing and synchronization, However, whengver timing

or synchronization must be re-established, UTC 1is the common reference
to be used.

4.1.1.1 lnternal timing. The network should be designed to minimize
dependence on any particular external timing system, The timing
capability and any timing reorganization needed after link or node
failure should occur automatically, where practicabie. There are many
methods to provide timing information for use by clocks throughout the
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4,1.1.2 External timing. UTC {USNO} reference sources for timing and
synchronization, if not available from within the network, shall be
cbtained Trom an external source whose timing is traceable to the master
clock of the USNO {see appendix 1), in accordance with FED-STD-1002 and
DODD 5160.5. When external timing references are to be used as the
primary means of timing for & natwork: the accuracy, the coverage, and
the reliability of the overall {reference and acquisition) system should
be specified,

4,1.1.3 (Communications overhead for timina. In a multichannel network,
communications overnead for achieving correct frame synchronization in
continuously operating individual links, including all synchronizatian
codes or time markers, shall not exceed +two percent of the total
communications capacity of any link. When the link is part of a digital
communications network, the overhead regquirements for the nefwork
synchronization shall be included in this same two percent of
communications capacity

1.? Time-dependent networks. Communications networks requiring ell
ements of the network to be time-synchronized shall use as a common
forence either UTC or whatesver station is serving as master. Where 2
_master reference 1is empioyec, its timing shall be referenced to UTC

{USNO} tc maximize the availability of qualified referenced sources {see
aooendix FY. The nodes and the network shall be protected from the
possible failure of the d¢issemination system(s) by a capability for
independent tim2 maintenance or seif-oroanization or both of <the
network. ln 2cditicn to an UT{ traceables time reference, alternate means
of inmitie! <clock setting or svnchronization should be provided,
Meintenance of time accuracy after the initial setting and between
updates shail be py continuous operation of the nodal clock{s) and
matntenance of frequency (rate) accuracy. Wnhen wupdating or rate
torrection s needed to maintain the required accuracy, an
communications sysiems requiring orecise time shall, when gvailable, use
timing traceabic to YTC (uSNQ).

4.1.2.1 Time ambicuitv. For the purpose of transferring time, the

minimum period of time ambiguity for any transmission 1links in a
communications network should be one minute,

4.2 Links.

4.2.1 Timina and svnchronization. This section applies only to paths
emploving 1sochronous signals where thé spacing between individuel
characters or frames ars fixed. All point-to-point digital
communicztions paths should either be provided with a timing capability
making them comdatible with digita]l communications networks or have the
capability for convenient upgrading to satisfy such a requirement.

NOTE: Point-to-point transmission paths inciude transmission links that
interconnect the individual nodes of a communications network.

P,
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4.2.1.1 Synchronization of receivers. Receivers shall be synchronized
to the unit interval of the received signal by deriving timing
information from the re:eived mission bit stream unless there is a
demonstrated need for & special capability provided by wusing a
synchronization sianal outside the mission bit stream. A1l receiving
equipmenrts shall be provided with the capability to synchronize to a
focal timing reference, or provide an error signal to a subservient
clock for the purpose of synchronizing the subservient clock tc the
timing of the received signal. Equipment should be designed or selected
to assure that synchronization can be directly achieved without tne use
of extended searches or prolonged Ssequences of search operations, for
example frequency sweeping. An out-of-synchronization signal shall be
pravided by 2l) equipments when they are npt correctly synchronized.
This does not restrict the use of automatic gain control signals or
other types of signal processing.

4,2.1.2 Frame svnchronization of receivers, Fframe synchronization
shall be provided by periodically inserting a frame synchronization
signal or code intc the transmitted data stream or as an alternative
using 2 separate timing path. The preferred method is by insertion into
the data stream,.

4.2.1.3 Re-acquisition of frame synchronization. Re-acquisition of
frame synchronization sh2ll be accomplished without extended searches
for framing errors that do not exceed four date wunit intervals,
Receiving eguipment {including demuitipiexing and decrypting equipment)
should be designe¢ so that wnenever a framing error does not exceed four
gatz unit intervals, the needed correction can be determined directly
and automatically without a ssarch mode. The number of datz unit
intervals should be increased to where it is virtually unnecessary to
use a search mode after the initial acquisition when the equipment is
first placed in operation.

4.3 Nodes. Major communications facilitfies frequently host a number of
colocated. nodes having precise time or frequency requirements. At such
sites, the establishment of a precise time and freauency reference to
serve all of the nodes shall be made available. The local reference
shall have an interface that is compatible with all nodes that it might
serve. The standardized interface described in 4.3.1.4 shall be provided
by the reference,

4.3.1 Timing and synchronization. All timing generated within a node
shall be derived from its principal clock to maintain a known phase and
freguency relationship and shall be distributed to all locations where
timing functions occur within the node. Timing from 2 mejcr or minor
node's principal clock shall be distributed to all locations where
timing functions occur within che node, Timing at major nodes shall be
made available as a reference to minor and access nodes, Each minor
node shal) also have the capability to operate in a free-running mode.
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4.3.1.1 Clocks. Nodal «clocks fall into one of four categories:
princigal” clocks, alternate (backup) clocks, subservient c¢locks and
other clocks. All principal and alternate clocks shall be capable of
operating in a free-running mode when their timing references are not
available. The free-running performance of the clocks, in combination
with the capacity of the data buffers (varfable storage buffers), shall
allow slip-free operation. Clocks shall not require resynchronization
in the free-running mode when wused at all major communications
facilities employing continuous mission bit streams for 2@ minimum of 24
hours following initiation of the free-running period.

4.3,1,1.1 Principal clocks. Every node shall use a principal clock
which shall provide the time, frequency, and timing source requirements
for all the peripheral equipment at the node. -All local functions that
require precise time or frequency shall be referenced to this principal
clock.

NOTE: The principal clock can be either a single clock or an ensembie
of clocks praviding a single output.

4.3.1.1,2 Alternate {backup) clocks. Major nodes shall be provided
with at least one alternate {backup) clock. The alternate clock(s)
shall derive timing from the principal clock in a manner to minimize
timing errors or other disturbances when switching from the principal to
the alternate clock{s), Yhen available, the sources of reference for a
node's alternate clock when it becomes the principal clock shall be the
same as those for 1ts principal clock (see appendix J).

NOTE: The alternate clock may be a member of the principal clock system
or ensemble when such an arrangement is employed.

4,3.1.1.3 Subservient clocks. For those applications where a
controlled {varfable] timing offset relative to the principal clock or
an alternate clock 1s required, a subservient clock may be used. Each
subservient clock shall have the capability to advance or retard its
timing relative to tha principal clock in response to a contrel signal.
If the reference from which the control signal is derived should be
Tost, the subservient clock shall he capable of retaining the best
estimate of the required timing offset. A subservient clock, upon 1oss
of the control sfgnal from the receiver, shall be mesochronous to its
associated principal e¢lock or its alternate, This permits the
subservient clock to use the long term stability of the principal clock.

4.3.1.1.4 f{ther clocks. All other clocks within a communications node
shall derive their timing from the principal clock, its alternate, or a
subservient clock.
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4.3.1.1.5 Frequency accuracy. Provisions shall be made to maintain the
frequency accuracy of the principal clock to satisfy the requirements of
4.3,1.1 during a2 free-running period.

NOTE: For leng haul communications, during a contralled period of

operation, le.g., while referenced to UTC) the average freguency should

be maintainad accurate w\th respect to the UTC referenfe so that no
c |

o

=% -
.acc A

£ rase

-
UUIJE‘ Toscli

ing is required due to ¢lock e
4,3,1,1.6 Freguencvy stability. As required by the communications
.1m:na system the frequency stability of the principal c¢lock should be
adequate 10 support all timino reguirements at the node. For burst and
other intermittent communications, the frequency stebitity of the
principal c¢lock shall be adequate for satisfactory measurement of
elapsed +ime between the most infreouent clock updatings.

£.3.0.1.7 Adjustment lcontrol). Clocks used as 2 frequency or timing
reference for the communications equipment at any particular facility
shall have the capability to have their output adjusted. Where cesium,

rudidium or high quality quart: osci]]ators are used as principa1
clocts, the capapilitv shall be provided for precise adjustment of the
clock's oulput withoul disturping tne clock itself. Tne size of the
adjustment shal! be made available for use in determining the clock's
future adiustments. should the clock be placed into a free-running mode.

.31V 18 Limit cvrle, Nonlinear <clock control functions that can
result in any type of limit cycle for tne clock frequency i(phase) shatll
no: ne employec,

4.3.1.2 Local reference freguencies. When local reference freguencies
cther than the standard clock freguencies are regquired for timing in any
facility referenced to a principal clock, those frequencies shall be
derived from the principal ¢lock [or its alternate) (see 5.2.1). Only
local frequency sources with outputs coherent with the reference input
shall be used to satisfy this reguirement.

3.1.3 Data buffers. Data buffers shall be placed in all received bit
streams of major nodes of & switched digital communications network,
These buffers shall nhave a sufficiently large capacity to meet the
requirements of 4.3.1.1 when operating with the node's principal clock
in a Treg-running or independent mode.

4.3.1.4 Nodal distribution of timing. -All systems within a node shall
derive their timing from the principa)l clock at that node. All nodal
principal and alternate clocks in multichannel switched networks shall
be capable of synchronizing to an external signal. Timing from the
nodat principal cinck shall be distributed throughout the node. The
timing distribution system shall be designed to accept sine wave and
square wave inputs, only one of which is supplied at a time. The timing
distribution output signal shall be an alternating, symmetrically shaped
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wave at the required rate. When the output waveform is a sine wave it
shall be in accordance with 5.1.1.3. When the output waveform is a
square wave, either balanced or unbalanced to ground, it shall be in
accordance with the applicable voltage and waveshaping requirements of
MIL-STD-188-114,

4.4 Timing at subscriber terminals and access central terminals. Not
standardized at this time,

4.5 Electromaanetic compatability (EMC)/electromagnetic interference

(EMIQ. Timing and synchronization subsystems shall compily with the
requirements of MIL-STD-461.

NOTE: Additional information may be found in MIL-STD-462, MIL-HDBK-235,
MIL-HDBK-237, MIL-HDBK-241, and MIL-HDBK-253.

10
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5 DcTAILED REQUIREMENTS

5.1 Networks.

5.1.1 Timing and synchronization. A1l principal and alternate clocks
of a communications system shall be capable of accepting a timing
reference from an external source, e.g., NAVSTAR GPS, Loran C, including
the output of a portable clock.

5.1.1.1 Lona hau! network timing., Network timing within the digital
Defense Communications System (DCS) will be referenced to UTC via clock
systems using external reference at major nodes and referencing minor
nodes tc major nodes (see appendix H)., The ionc haul system shall use
internal timing references that are coordinated with UTC (USNO) when
available.

5.1.1.2 7TJactical network timinc. Network timing for tactical switched
digital communications networks shall be capable of using the
independent clock technique for timing betweer mzjor nodes of the
network. Provisions shall be made for & node to derive timing from the
modulation on a signal received from another node. However, every node
shall be capable of operation using a fres-running clock. Major ncdes
with continuous mission bit streams shall have sufficient buffering
capahility and cﬁock stability to assure slip-free operation for &%
least 22 hours in & free-runaning mnde, Tne Tonc term phase stability - °
the principal c¢ciocks shall be sufficient to ensure that when operatiad
independently, timing is maintained between received and transmittad
signals within 225 percent of the data unit interval for periods nct
less than 24 consecutive hours.

NOTE 1: This does not exclude the use of buffers to maintain t°
necessary synchronism,

NOTE 2: The time period of 24 consecutive hours specified above doe:
not apply to tactical single channel radio equipment. The length &7
time period, expected to be less than 24 consecutive hours for this type
of equipment, is under consideration,

E 1 % 3 ItITR 4 & e Sem e T e T e e focs
S PR NP uu'-puu: T T O timing rErerenie SGurces, U

reverence sources shall meet the following:

(2.) The output frequencies shall be in accordance with 5.2.1.

(6.} The harmonic distortion for sine wave signals shall be at
Teast 40 decibels (dB) below the rated output levels. The level of arv
signal component not a harmonic of the signal frequency shall be &t
least 60 dB below the rated output level.

11
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{c.} For a one pulse-per-second reference, the reference Source
shall provide one pulse-per-second UTC with & pulse width of 20
microseconds +5 pergent. The rise time shall he “less than 20
nanoseconds and the fall time shall be less than one microsecond. The
pulse amplitude should be between 10 volts +10 percent and 0 volts !
volt., This is {llustrated in figure 1 and is in accordance with Dof-
STD.1300-241,

FALL TIME
RISE TIME ‘
<20 NANQSECQONDS <1 MICROSECOND

DRt el 'ﬁ [ - {

l
| !
I l
! [
| |
| l

|

[Fa]

"Wy
= =

o

PULSE
| WIDTH |
PULSE WIDTH 20 MICROSECONDS * 5 PERCENT

FIGURE 1. One pulse-per-second timing stanal.

5.1.2 Time-desendent networks, Networks shall not be made continuously
dependent upon external time-dissemination services. The capability
shall be provided for each npde to continue network operation after loss
of 211 erternal dissemination service. Some degradation of capabilities
after dissemination-service loss or failure may be acceptahle; however,
an alternative timinc capability should be provided within the nodes or
network.

[
(AN ]

Pl
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5.1.2.1 Network time. Princtpal and altermate clocks shall have the
ability to maintain netwark time fram a designated internal source(s)
when all external timing references are Jlost, Netwarks requiring
independent maintenance of accurate time at the .nodal level shall employ
noda) clocks or ensembles cepable of maintziming metwork time after toss
of all external references.

5.1.2.2 Initial setting and maintenance of time. Provisians shall be
made at eacn noge for initially setting the nodal clock. Subsegquent
network interaction shall allow for additional time updates. HNodes that
are intermittently connected tm netwgrks shall cantain a clock of
sufficient rate accuracy so that after initial setting and after
quiescent periods {in a free-running mod=, see 4.3.1.1), the clock
remains within system tolerances such thet the mode= can still trensmit
and receive information.

5.1.2.3 Time-dependent nmetwork clock outputs, Clocks {or clock
systams} ior time-dependent networks shail provide the - following
outpucs:

(a.} The output frequency provided shall be in accaordance with
5.2.1.

{b.} The harmonic distortion for sine wave outputs shall be at
least &0 dBE below the required outpus levels, The level of any signal
component not a harmonic of the output reference shall be at teast 5C c3
below the required output level.

{c.) Nodal ciocks shall provide a one pulse—per-second UTC as shown
in figure 1.

(d.) A binary coded decimal {B{D) reference signal shall provide
UTC YOD in hours, .minutes and seconds. The Yeading edge of the 8(CD code
{negative going transitions after extended high level) shall coincide
with the on-time {positive qoing transitiom) edqe of the one pulse-per-
second signal to within 31 millisecond (msec). Provisions Shall be made
for leap second adjustment. The time code shall be a 24 bit serial bit
stream using international telegraph alphabet number 2 (ITA-2) code.
The bit rate shal) be 2 mirimum of SN hits per second, Rise and fall
times shall be in accordance with MIL-STD-188-114. The time word starts
with the most significant digit, (This time word provides TOD
information, hours, minutes and secands to within 1 msec}{see figure 2).

NOTE: For additional information, refer to DoD-STD-1399/441.
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RATE: 50 BIT PER SELCOARD
BIT PULSE WIDTH: 20 msec

H =+ 6Y dc ¢ 1Y

EXAMPLE: SELECTED TIME 1S 12:34:56 L=« 6Ydct IV
20 LLLH LLHL LLAH  LMLL LHLK LHML
weEC 8421 8421 g42] 8421 8621 8421
i 1 2 3 4 3 - [ LEVEL
LEVEL| KOURS MINUTES r- - fsccnn: 1 HELD
HELD — NI
K1 [} funtiL
UKTIL| IsrARr

START &8 4 2|1 )8 aj2f1,8 .4 |2, 118)al2,1,8]4

0;.' J 1 4
oy |
T ‘L_JHORD
1
{

.u.-
o
+
-4
+
re
o

FIGURE 2. 24 bit BCD time code.

1

(e.) In addition to subparagraph (d,) the 24 bi:z T2% 2D time code
may be immediately followed by 12 bits {three decimal digits) dest«~ibing
the day of the year {DOY) in hundreds, tens, and uniis of cays iin that
order} and followed by a high level held until the start of che next
codeword, This results in & 36 bit BCD codeword.

(f.) As an a

lte
a
the Al reisroenrs cin

549

rnative or in addition to subnaragraph {e.) above,

\ r €411 arimd a Fr hite [{nno
LT DDLU TSP TR J be m..n-,'g|g ::.] Tol I OWeo U] 8 1our oits VWit

decimal digit) describ ng a ftigure of merit {(FOM} of the time signal and
immediately thereafter followed by a high level heid until the start of
The next czodeword. This resylts in either 2 28 bit or 40 bit BCO
"3deword. The meanings of the FOM cigits are provided in the table I.

14
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TABLE I. FOM character meanings.

BCD Character Meaning

a1l bits high No information

Greater than 10 ms of fault
1-10 ms

100 us - 1 ms

10 us - 100 us

1l us - 10 us

100 ns - 1 us

10 ns - 100 ns

1 ns - 10 ns

bet-er than 1 ns
proper/nominal operation

O = N B h 0D~

5.2 HNodes., Principal and alternate clocks shall be provided to the
node in accordance with 5.°.1 through 5.2.6. Waveform characteristics
of a1l local frguency sources within the nodes in addition to the
principal and alternate clocks are dealt with ir 5.2.7 through 5.2.10.

5.2.1 Freguencv output. The frequency of the nodal principal clock
shall be 1 Meganertz (MR:}, § MMz, or (5x2N) MHz where N is an integer
greater than zero; the preferred frequency being 5 MHz. For nodes

. . . - rs : -
requiring accurate time or for theose nodes that will at some future date

-

reauire accurate time, signals or readouts described in 5.1.2.3 shall be
provided. A one second marker, described in 5.1.1.3{(c), coherent with
this frequency should be provided,.

5.2.2 Waveform output. The clock output waveform shall be either 2
sine wave or sQuare wave, the preferred waveform being a sine waveform.
When the output waveform s a sine wave it shall be in accordance with
5.1.1.3. When the output waveform is a square wave, it shall be in
accordance with applicable voltage and wave shaping requirements of MIL-
STD-188-114,

5.2.3 Freguency stabilitv, The stability of both principal and
alternate clocks at major nodes should correspond to the fractional
frequency fluctuation {square root of the two sample or Allan variancel
values shown in table [T,

TABLE I1. The fractional freauency fluctuation for both
principa) and alternate clocks at mejor nodes.

Averaging time (s) Fractional freaguency
fluctuation
1 < 7 x 10°11
10 < 3 x 10-11
100 < 7 x 10-12

-
un
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5.2.4 Frequency accuracy and drift. As a minimum, a cesium heam
principal or alternate ciock shail have a frequeucy accuracy 'of at least
5 x 10-11 (with a design ohjective of 3 x 10-11). All principal and
alternate clocks shall have a drift rate not exceeding ! x 10-11 per day

(with a design objective of 1 x 10-11, lifetime). This frequency drift
includae t+thas nanctatictiral drift in freaguanry ravced hv the arnnn nF
tNCUWGES i NONSTaVISUICa:r Grise 1n Troéquend gcaused Ty 1nhe ging

resonance control devices.

5.2.5 Warm up characteristics. When principal and alternate clocks are
turned on initially or after power off p=r1ods of at least ?¢ hours, the
frequency reference shall be within 5 x 10° of the final freaquency after
an elasped time of 15 minutes.

£.2.6 Settability. Long haul systems shall and tectical systems should
provide the means to set the freauency and time of each nodes principal
and alternate clocks te UTC when availabie.

5.2.7 Clocking signal period. A clocking signal period or cycie shall
consist of one half-cvcle of positive poiarity [sense) and one half-
cycle of negative polarity (sense). The dutv cycie shall be 50 percent,
+1 percent (see note).

NOTE: In the binary sense, each clocking sianal oeriod or cycle fis
composed of two c¢lock signal unit intervals and it follows that a rlock
signating rate of 3C Hz is 2 clock modulatipn rate of 100 haud [34Y,

U= LR LeR R

5.2.8 Phase relationship between clock and data sicnals. Subparagraphs
5.2.8.1 through =2.2.8.5 shall aoply to all interconnected digital
devices operated at baseband.

5.2.8.1 Direct clock control. In a direct clock control timing
suhsystem only one of the clocks at the two ends of a communications
1ink shall be permitted to bhe adiusted to reduce timing differences
between the clocks {see note 1). A1l data signal transitions emitted hy
a8 source under direct control of an external clocking signal shall occur
on (be caused bv) the negative to positive transitions of that clock
signal (see note 2). The delay between the clocking signal transition
and the resulting data signal transition should be a minimum, but in no
case shall this delay exceer 12,8 percent of the cduration of the data
unit interval, For each equipment, once this delay is fixed in
hardware, the delay shall be consistent within #] percent of the data
unit interval for each clocking signal transition. These delay limits
shali apply directly at the data source interface {see figure 3}.

NOTE 1: This property allows closed loops to he avoided, i.e., it makes
it possible to assure that a change in a clock cannot rasult in a signal
passing around a closed path to influence the same clock aagain.

16
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A = DATA UNIT INTERVAL
= DATA OUTPUT M AC = ACTUAL CENTER
DATA M = MODULATTCN 2ATE
SOURCE (SEE 5.3.5.1}
e—— CLOCK INPUT 2M TC = THEORETICAL CENTER
i cLock |
m— UNIT —o
FNT}:RVAH
-V _-=-
[
CLOCK .
SIGNAL 0 TIME
AXIS
_vc—- h 1 : T
le— CLOCK PEZRIOD —n | l
| { | : [
| | | | ;
VALUE OF | I ! | |
8" NOT i - | MAXIMUM OF +1% OF "B"
MORE THAN DELAY by - F | (NOT TO SCALE)
12.5% OF "A" —= B [@— TC | | TC !
L + 5 1'1: ! | AC |
+Y - ——- =) | l -
DATA : vl I 1 : - :
SIGNAL 0 — . ' - TIME
' L Lo l AXIS
| } 11 i i ] N
uy, —t L L
d ] 1 [}
pe A = A -

FIGURE 3. Phase relationship between clocking and date signals for
' direct clock control.
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NOTE 2: Direct clock control means control of the data signal by a
clocking signal with a modulation rate of twice the data modulation
rate. .

5.2.8.2 Indirect clock control. For indirect clock control {see note
1}, the phase difference between an external clocking signal and a data
signal shall be consistent within #! percent of the data unit interval
at the applicable modulation rate, regardless of the absolute value of
the phase difference (see note 2). 1f the modulation rate of an
external clock is divided, within an eguipment, to & clocking signal
modutation rate of twice the datz modulation rate, and then supplied as
the equipment clock output, the cata signal transitions shall coincide
witrin %! percent ¢of the data unit interval with the negative 1lo
nositive *ransitions of the clocking outout sicnal [see figure 4),

NCTZ 1:  Indirect clock control means contro! of the data signal by a
clocking signal with a standard modulation rate greater than twice the
gdata modulation rate {see figure 4},

NOTZ 2: The absolute velue of the phase diffarence between an external
cilock signal and a date sigral is not specified for devices in which the
" external clock signal is related only indirectly to the data Signal [see
fiqure 4},

5.7.2.3 Samplinc of date signals. Sampling of data signals at & sink
inte~face unoer tne coniror 0F an external clock signal shall occur on
"pe caused by) positive to negative clock signal transitions {see figure
5. For devices in which input data to 2 sink are sampled under the
control of a clocking signal with a modulation rate that is not directly
ralated to -he data modulation rate, the phase relationship of the data
signal to the clocking signal shall be maintainad such that each data
unit interval shall be sampied within #1 percent of the theoretical
center af the data wunit interval. For start-stop devices wusing
internal, low stahility sampling sources, incoming data signals shall be
sampled within $12.5 percent of the data unit interval measurec at the
3ctual center of the data unit interval ‘see figure 2}, Any distortiion
caused by this sampling method shall not be passed onto an output
interface, The data signal sh2ll be regenerated before it s
retransmitted,

5.2.8.4 Intermittent data transmission. When & gated clocking signal
is used for controlling intermittent data transmission, the datz signal
shall not change state except when requested by a negative to pasitive
clocking signal transition, The gquiescent state of the clocking signal
shell be at a negative voltage, The quiescent stete of the data signal
shall be that state resulting from the last negative to positive
clocking signal transition (see figure €),

18
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5.2.8.5 Start-stop signals. For synchronous devices transmitting
start-stop signals and operating from an external clocking signal with a
modulation rate that is directly related to the data modulation rate,
data signal transitions shall be coincident with negative to positive
clocking signal transitions within #1 percent of the data unit interval
{see note 1}. For start-stop devices using internal, low stability
sampling sources, incoming data signals shall be sampled within 212.5
percent of the data unit interval, measured at the actual center of the
data unit interval (see figure 3). Any cdistortion caused by this
sampling method shall not be passed onto an output interface {see note
2). The data signal shall be regenerated before it is retransmitted,

MATS 1. Thic m
viL 1. [RARE-]

An se¢
i a2 15

3T em
i gy
NOTE 2: This mode is also referred to as asynchronous operation.

$.2.9 Local freouencv Source outout rate. Local freguency sources used
for bit rate control in muitichannel switched systems shall be capabis
of provicding, as required by the eguipment supported, one or more c¢f the
following output frequencies coherent with the nodal clock: {a.) 8000p
Hz where N can be any integer from 1 to 2000; (b.) 75 multipiied by 2"
Hz wnere n can be any integer from O to &; (c.) 4000 Hz, {d.} 2000 Hz;
and {e.) 50 Hz. For systems in which the local freguency source output
is to be wused with the one pulse-per-second nodal clock output, a
positive-going transition cof the ciocking signzl shall coincide witn the
on-time {positive-going transition) of the one pulse-per-second nodal
clock outout.

5.2.1C Local frequencv spurce output waveform. The output waveiorm of
local frequency sources used for bit rate control shall be either a sine
wWave Qr a square wave. When the output waveform is & sine wave, it
shall be in accordance with 5.1.1.3. When the output waveform is a
sguare wave, it shall be in accordance with applticable voltage and wave
shaping requirements of MIL-STD-188-114. The output waveform of local
frequency sources, not used for bit rate control, is left to the system
designer.
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APPENDIX A

MEMORANDUM FROM THE ASSISTANT SECRETARY
CF DEFENSE FOR RESEARCH AND ENGINEERING

3L AnKANIICT 100
i KRUQUS! 1LY¥CD

SUBJECT: MANDATORY USE OF MILITARY TELECOMMUNICATIONS STANDARDS
IN THE MIL-STD-188 SERIES

This appendixzx contains information related to MIL-STD-188-115. Appendix
A is a mandatory part of this standard.
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THE UNDER SECRETARY OF DEFENSE
WASHINGTON, 0.C. 20101

RESEAACH &NO 16 AUG 1983

ENGINGERAING

MZMORANDUM FOR ASSISTANT SECRETARY OF THE ARMY (INSTALLATIONS, LOGISTICS &
FINANCTIAL MANAGEMENT)
ASSISTANT SECRETARY OF THE N
AS3ISTANT SECRETARY ofF THE &
& LOGISTICS)
CCMMANDANT QF THE MARINE CURPS
DIRECTOR, DEFENSE COMMUNICATIONS AGENCY

DIRECTOR, NATIONAL SEZCURITY AGENCY

Ay MEUTT ADLTALT
AL MOV ClyWe il b

SHIPBUILDING & LOGISTICS!
RCZ (RE3E

SU3JECT: Handatory Usa af Military Telacomounicatilona Standards in the
HIL-STD~188 Serias

On ¥ay 10, 1977, Dr. Gerald Dinnsen, then Assiatant Secretary of Calanza(C3I),
{ssued the following policy statament regarding ths zandatory nature of the
MIL-5TD~188 series talecommunications standardas:

_'...standnrd: as a general rule ars now cltad as 'approved Cor usa' ratcher
than 'mandatory Cor use' in the Department aof Defenaa.

This dafarence to tha Judgzment of the deslzning aod procuring agencies la-
clearly appropriate to standards dealing with process, componant ruggedness
and reliabi{lity, paint rinishes, and the like. It i3 clearly not appropriate
to atandards such aa thcsa 1o the MIL-STD-188 3seriea which addrass talecommuni-
cation design parameterz. These influence the funational intagrity of telecoz-
Junication aystems and their ablllity to efficlently Llntarcoperate with gtler
functionally similae Covernment and comzercilal asystems, Thersfaore, realevant
military standards {n tha 188 seris=a will continue to be mandatory for uiaa
within the Cepartdent of Defenase.

To sini{mizs *he probabillity of misapplicaticn af thesa standards, (T ia

{ncuabent upan the davelopers of the MIL-STD-188 saries to lnsura that each
standard 13 not only essantial but of unifaormly high gquality, clear and concise

a3 to applicatien, and wharsver possible compatidle with existing or proposed
national, intermationmal and Federal telecommunication standards. It i3 alse
{ncumbent upon the usera of these standards to cite {n their procurement 3specili-
cations only those standards which are clearly necesszary ts the proper functlonling
of tLhe device ar aystema over Lta projesctaed lifetize.” i

This statament has been reviewed Ly this offlce and continues to bs the

policy af tha Departmant of Dafenas. C:ﬂ;ﬁjj
-~ '// ///

l/ . el A

s

e

%
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APPENDIX B

DEFINITION OF TERMS |

This appendix contains general information in support of MIL-STD-188-
115. Appendix B is not a mandatory part of this standard.
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10 GENERAL

10.1 Scope. This appendix contains definitions of terms used in this
document that are not defined in FED-STD-1037.

20 REFERENCED DOCUMENTS

Not applicable.
30 DEFINITIONS
Not applicabie.

40 GENERAL REQUIREMENTS

Accuracy - Generally equivalent to the systematic wuncertainty of &
measured value ralative to the true value !see random clock errors, time
measurement tolerance)l,

Aging - The process whereby a freguency determining element (such as a
cuartz crystal or a ruhidium cell) channes its frequency cdetermining
properties as & function of its age {(not purely 3 time function but
related to its environmental history). For example, a Qquartz crystal
with & fregquency of 100 kHz may age until its frequency becomes 100.01
kHz.

Alternate clock - A member of a set of redundant clocks which is not
normally active in providing a time, phase, or frequency reference, but
is held in reserve to take over the function of the principal clock if
the principal clock shpuld fail or some other contingency should arise.
The term is used interchangeably with the term “backup clock™.

Ambiguity - The characteristic or property whereby more than one
possible interpretation, or measurement, or value satisfies the
conditions stated. A clock which displays 3 hours S5 minutes could be
indicating that time for either AM. or P.M. or for any day. Further
information is required to remove the ambiguity if it causes any
probiems. in & system where the additional informetion is already
available, it is not necessary for it to be supplied by the clock (see
time ambiguity). :

Calibration - The process of identifying and measuring errors and either
accounting for them or providing for their correction.

{losed loop-noise bandwidth - The integral, over all frequencies, of the
_absolute value of the closed loop transfer function of a phase Tock

Toop. The closed lcop-noise bandwidth when multiplied by the noise
spectral density gives the output noise in a phase locked loop.

B-26
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External timing reference - A timing reference obtained-from a source
external to the communications system such as one of the navigation
systems, many of which are referenced to Coordinated Universal Time
{utc).

False lock - A condition where a phase lock Toop locks to a fregquency
other tnan the correct frequency.

Fractional freguency fluctuation - Instantaneous fluctuations in the
fractional frequency of an oscillator, usuaily expressed as a function
of time. .

rreeg-running capability - The capability of 2 normally synchronized
oscillator that can operate in the absence of a synchronizing signal.

Frequency difference - The algebraic difference between two frequencies
that can be of identical or different nominal values.

Hold-in freaquency range - Maximum rate of change of frequency between
the local osciliator ?or clock) and the reference frequency of a phase
Tock loop for which the local oscillator {or clock) will slowly change
Trequancy in a8 direction which will reduce the frequency difference and,
i not interrupted will eventuzlly reach the lock-in frequency and
achieve phase iock.

Improved time reference distribution - A time reference distribution
technique employing independence of c¢lock error -measurement and
correction, and zlso permitting the time reference infermation for each
node to be derived from a near optimum weight average of several paths
?etween that node and the master node while still avoiding all closed
00ps.

Inqependence of clock error measurement and correction - A property by
which a change in the time (phase) of a clock at a particular node
(whether for clock correction or any other purpose) is not permitted to
effect the measurement of the error in the clock at another node.

Independent clocks - A communications network timing subsystem using
precise free-running clocks at the nodes for synchronization purposes.

Variable storage buffers installed .to accommodate variations: in
transmission delay betwsen nodes are made large enough to accommodate

smeil time {phass} departures among the nodal clocks that control
transmission, Traffic is nr-rac:1nna'l'|u 1qfnrrun1’od to regsat the bhuffarg,

N e b -

Information - The meaning assigned to data by known conventions.

Internal timing references - A timing reference obtained from within the
communications system.
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Limit cycle - A closed curve in the state space of a closed loop control
system to which the state trajectory either approaches asymptotically
(stable} or from which it recedes {unstable) for 21) sufficiently close
initial states.

Local clock - A clock located 1in close proximity to a particular
communications station, node, or other facility with which it s
associated. The same clock might be a remote clock relative to some

other station, node, or facility.

long term stability - Phase or frequency variations of a timing signal,
clock, or oscillator which have frequency components (related to the
rate of the varijations rather than their magnitude) betwzen 3 microhertz
and 3 millihertz {period between 5.6 minutes and 3.8 davs).

Loop filter - A filter located between the phase detector {or time
discriminator) and the voltage controlled oscillator (or phase shifier)
of a phase lock loop.

Loss of synchronization indication - An electrical signal or & visual or
audible indication that a receiver or other device is not in synchronism
with the signal that it is to process.

Major node - In a timing svstem for & communications network, & node
which is connected to three or more other major nodes, or Gne which is
designated a major node because of its unique location or function (see
minor node).

Minor node - A node which is not designated as a major node. Minor
nodes are normally connected to no more than two or three other nodes
{see major node).

Nodal clock - The principal clock or alternate clock located at a
particular node that provides the timing reference for ail major
functions at that node.

Nominal value - An assigned, specified or intended value of any quantity
with uncertainty in its actual realizaticn.
Dffset - An intentiona)l difference between the realized value and the

nominal value,

Offset frequency - The amount by which an available frequency is
intentionally offset from its nominal frequency. In the case of U.S.
teievision networks, the offset is about 3000 parts in 1011,

<
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Phase detector - A circuit or instrument that detects the difference in
phase {in degrees or microseconds) between corresponding points on two
signals.

Phase error - Lack of direct proportionality of phase shift to frequency
over the frequency range required for transmission.

Phase instability - Phase instability is expressed by the phase change
within 2 given time interval,

Phase microstepper - A device which generates (in response to a digital
control signal) subnanosecond (cr picosecond} adjustments to the phase
of a reference input signal. This can be accomslished either through
regular phase progression {nanoseconds/second) for frequency corrections
or by individuel phase steps {nanoseconds).

Phase reference combining - A characteristic by which improved t?me
reference distribution differs from other time reference distribution
technigues. It statistically combines references from different paths

for improved accuracy and stability.

Pull-in frequency range - Maximum frequency difference betwesen the local
oscillator {or clock] and tne reference freauency of a phase lock loop
for wnich the local osciliator will slowly change fregquency in &
direction which will reduce the freguency difference and, if not
interrupted, will eventually reach the lock-in frequency and achieve
phase iock.

Quartz ciock - A clock containing a quartz oscillator which determines
the precision of the clock for the measurement.of time intervals (see
guartz oscillator),

Quartz oscillator - An oscillator that uses the piezoelectric property
of a quartz crystal which is caused to vibrate at a nearly constant
frequency dependent on its size and shape. After a crystal is placed in
operation, the frequency changes slowly as a result of physical changes.
Quartz oscillators are used in most frequency control applications
including atomic standards,

Random clock errprs - Clock noise performance is frequently
characterized in terms of five noise types, one of which will usually
predominate in one part of the spectrum while another will predominate
in another part of the spectrum.

Rubidium clock - A clock containing a rubidium standard which determines

the precision of the clock for the measurement of time intervals {see
quartz clock).
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Rubidium standard - A secondary frequency standard in which a rubidium
gas cell is used to reduce the drift of a quartz oscillator through a
frequency lock loop. Because it is dependent on gas mixture and
pressure in the cell, it must be calibrated. It has a drift typically
100 times less than the best quartz standard {see quartz oscillator).
Sampiing - The process of obtaining a sequence of instantaneous values
of a wave; at regular or intermittent intervals.

Secondary time standard - A time standard which periodically requires
catibration.

Signal transition - A change from one signalling condition to another,
for example, the change from positive to negative, mark to space, one %o
zero, etc.

Signal transit time - The time required for a signal to travel! from one
point to another. Signal transit time delay might refer to time
required for a signal to travel between specific locations within the
same piece of equipment or between specific locations 1in widely
separated pieces of equipment. The oarticular lpncatians chapld be
identified when the term is used (see time delay).

Singie ended - In a timing subsystem, the nodes at the two ends of a2
link do not exchange timing information with one another for the purpose
of determining the difference between the two nodal clocks. Timing is
obtained only from the difference between the time of the local clock

and the timing of the received signal,

Spectral purity - The degree to which a signal is coherent, i.e., 8
single frequency with a minimum of sideband noise power.

Spurious modulation of timing signal - Phase or frequency variations of
a8 timing signal, clock or oscillator which have frequency components
(related to the rate of the variations rather .than their magnitude)
greater than 3 kHz.

Stabfli;y «~ The term {3 used interchangeably with "instanility" tor
specifying the frequency or phase variations of osciilators and clocks.

Standard frequency - A frequency with a known relationship to a
specified frequency standard.

Subservient clock - A clock which is mesochronous to an associated
master clock, but which may have a controlled phase offset from its
associated master. The controlled phase offset may be a function of
time, such as that required to permit a subservient clock used with a
communications receiver to follow variations in the phase of a received
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signal due to changing parameters in the propagation path while still
maintaining a phase tolerance relationship to the nodal clock (see
alternate clock).

Subservient gscillator - The difference between 2 subservient oscillatoer
and a subservient ciock is that the subservient oscillator does not have
to identify particular cycles or particular time interval markers, i.e.,
it is only a source of frequency or phase modulo one cycle, The
subservient oscillator s therefore somewhat less complex than a
subservient c¢lock. For many communications applications, either would
satisfy the requirement, Some applications require- a clock ‘(see
subservient clock?. '

Sweep acauisition - A technique whereby the freguency of the ltocal
‘esciliator is siowly swept bpest the reference $roquency in order to
assure that the puli-in range is reached (see pull-in frequency range).

Synchronous signals - Two $ianals are synchronous if their corresponding
significant instants have a desired phase relationship (in & strict
sense, if they occur simultaneously). The word synchronous describes a
relationship between two or more things -=and cannot describe
characteristics of 2 single signal:

Tims ambiguity - B situation where more than one d¢ifferent time or time
measurement can be gtbtained under the stated conditions,

Time delay - The time interval between the manifestation of a signal at
one point and the manifestation or detection of the same signal at
another point (see signal transit time). ’

Time division analog switching - Amalog switching with common time-
divided paths for simultaneous calls.

Time division digital switching - Digital switching with common. time-
divided paths for simultaneous calls. :

Time dinteryal - The duration between two instants read on the same time
scale.

Time marker - A reference signal, often repeated periodically, enabling
the assignment of numerical values to specific events on a time scale,
Time markers can be used as references in establishing synchronization. .

+

Time measurement tolerance - The maximum permissible departure of a time
measurement from & correct time measurement, '

Timing - A broad term which includes synchronizing as a special case.
It implies: (a.) scheduling; (b.} making coincident in time or causing
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to occur in unison; {c.) setting the tempo or regulating the speed; (d.)
ascertaining the length of time or period during which an action,
process, condition, or the like continues; (e.)} causing an action or
event to occur at a desired instant relative to some other action or
event; (f.) producing a desired relative motion between objects: (g.)
causing an event to occur after a particular time delay; or (h.)
determining the moment of an event, '

Timing ambiguity - See time ambiguity.
Timing reference - A frequency reference for a clock to follow,

Timing signai - A signa! wused to aid the syachronization of
interconnected equipment.

Tracking error - The deviation of a dependent variable with respect to 2
reference function,

Transit time - The time required for a signal to travel from one point
to another. Sometimes it 1is also called propagation time delay.
Propagation time delay might refer to time required for a signal to
travel between specific locations within the same piece of equipment or
between specific locations in widely separated pieces of equipment, The
particular locations should be identified when the term is used (see

time delay, signal transit time).

Uniform time scaie - A uniform time scale 1is one that uses equal
intervals for its successive scale intervals, where two intervals are
said to be equal if it can be shown that equal processes took place
during the two intervals.

variable storage buffers - Digital data storage units in which a signal
can be tempararily stored for purposes of correcting its timing. The
signal is usually written into the buffer by one clock having incorrect
timing and read out of the pbuffer by a different clock having correct
{or nearly correct) timing. They are also called elastic buffers or
simple buffers.

Voltage controlled oscillators - An oscillator whose frequency is 3
function of an input signal voltage.

Warm-up characteristics - The characteristics that need to be met when

the output voltage or current has reached an equilibrium value after
power turn on,
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APPENDIX C
L1ST OF ABBREVIATIONS AND ACRONYMS USED IN MIL-STD-1B8-115

This appendix contains general information in support of MIL-STD-188-
115, Appendix C is not a mandatory part of this standard.
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10 GENERAL

acropyms

x contains a list of abbreviations and
at are not defined in FED-STD-1037.

20 REFERENCED OQCUMENTS

Mot applicable.
30 DEFINITIONS

Hot applicable.

40 GENERAL REQUIREMENTS

CNI - Comnunicaticns, Navigation and Identification

bQoo - Department of Defense Directive

DODISS - Department of Defense Index of Specificatfons and
Standards

DoD-STN - Department of Defense Standard

FeD-STD - Federal Standard

FOM - Figure of merit

ITA - International Telegraph .Alphabet

MIL-STD - Military Standard

ms - Millisecond (10-3 seconds)

NAVSTAR-GPS. - Navigation Satellite Timing and Ranglng Global
Positioning System

SLHC .- Standardization of Long Haul Communications
(Standardizatton Area),

TBD - To be determined

TCTS - Tactical Communications Svstem Technical Standards
(Standardization Area)

TOD - Time-of-Day
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APPENDIX D
DERIVATION OF BUFFER SIZE REQUIREMENTS

This appendix contains tutorial information in support of MIL-STD-188-
115. Appendix D is not a mandatory part of this standard.
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10 GENERAL

10.1 Purpose. The purpose of this appendix is to derive an equation to
determine tne buffer storage capacity as a function of the €frequency
variations resuiting from clock instabilities.

1n.2 Scope. This appendix is a2 tutorial on how to derive buffer sizes
for independent clocks.

20  REFEREZNCED DOCUMENTS

Not appliceble.
2p DEFINTITIONS

For purposes of this appendix, the definitions of FED-S5TC-1037 and those
found in appendix B shall apply.

40  GENERAL REQUIREMENTS

40,1 Relationship between timing errors and freguency differences. The
first case is a step (or constant) freguency difference that exists
between two independent freaquency sources for some stipulated time
duration as depicted below.

1
fo + Af

WANYANYANYANYAN
A2 YR YR VAR YR YAAY

]
ANVANYANEYANEYA YA YA

\%/ IV VAL VAR VARL VARL

Tl -

- hy
T [

Z )

FIGURE D-7. Two independent frequency SOurces.
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M is equal to the number of cycles. From the preceding figure it can be
seen that

ﬁ\T = TZ - Tl ’ (1)

_ M M
e A cowr e S (2)

af
BT 2 M 77+ 577 . (2)
ror o 3> AL
4)
af - aAf {
Al M = IET

1€ stability (§) is defined as the ratio of the maximum frequency change
£

+*
2 f to the initial frequency fp during some given time duration Tg = T2,
then

s=— 1
.. (5)
and
aT = o5 =T.5 = T8 (6)
o 2 o> |

Equations {4} and (6) identify the timing error resulting when 2 step
frequency difference exists between two independent sources for a time
period, T. This represents the worst case and in general would not be 2
reasonable assumption. The approach employed above wil) now be expanded
to obtain a generzl expression that may be applied to any form of
escillator frequency difference. This can be accomplished by
considering the time dependence of the frequency to comprise frequency
ramp segments as shown in figure D-8.
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FIGURE D-B8. Time dependence of the frequency.

The ¢iming error for each segment may then be determined by_quantizing
each ramp frequency change into small frequency steps as illustrated
below,

5af e
for—=
£os 38F //
st _2_ /
¥ ]
fo+ % '
Fo  m— Tl i—.——-
TslsNTl

FIGURE D-9, Ramp frequency change.
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The timing error associated with each subsegment 1is then readily
identified by making use of the previous derivation for a step freguency
change and considering each frequency ramp segment to comprise a group
of constant step frequency changes as shown in figure D-9. Applying
equation {4) to each subsegment then results in

AT = _il_ af
z T, : : ()
8Ty = —:l—- ( A: ) s (8}
AT% = 3:1 { %: )
o - izn-;) T sy (9)

And the tgtal timing'error_is simply the sum of the error produced in
each subsegmert.

STpy ® AT+ 8T, 4 eemme = 8Ty,
(10)
aT.. = 1 { af } [1 #3 +5 cccem + (2N-1)]
nt 7z e ‘ )

The bracketed term on the right side of equation (i1} s a simole
arithmetic progression whose sum may be expressed in closed form as
_ N
s =% [2a + (N-1)d] , (12)
where N number of terms

a = first term
¢ = common difference

and we have

SN2, ' {13)
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hence .
ST
oTpy * == (-0 (14)
LTTl would be positive or negative [i.e., the timing error would be

advanced or rétérded) depending on the sign of the instantaneous
frequency difference relative to the reference frequency fo'

A similar analysis applied to segment two would yield

2
TN
2 Af 15
or in general
1.2
AT e o ()
Ti Z 0
(16}
Hence the total timing error over m frequency segments is given by
- ul
«T = K HiM a7 17)
'_AIT = ‘;1 __E"— ( fQ ) []

whare a7y = total time error,
T, = quantized time interval in (i)th time segment,
Naf = maximum frequency change in (i)th segment,
NT, = total time duration of (i)th segment,
f, = reference frequency.

tquation (17) may be applied to any anticipated or known' oscillator
frequency change to deteemine the timing errors introduced.
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40,2 Derivation of the total error equation. When the frequency change
or difference can be expressed as an integrable function, it is possible
to derive a closed form equation which quantitatively establishes the
time error associated with the frequency varfation.

Equation (&) indicates that the timing error for a stipulated time
interval & T is related to the frequency difference between two clocks
as follows

Fad = A_f. T
TR (18)
(f - f)
c
! £

~
A

This corresponds to the existence of a constant frequency difference
during time interval & T. The total error is obtained by taking the
sum of 211 incremental errors which occur during time intervalsT,
Taking the Yimit of this sum as the time increment approaches zero

: n
t,. = lim -— te | F
T = e
=1 f !

° (20)

which from the fundamentai theorem of integral calculus becomes

Dot £ )
er = S —2 gt ,
f
o 0 (21)
where f - f5 = f4, the frequency variation which occurs during time

interval AT. The above equation can be used to fdentify the timing
error associated with any continuously varying and integrable frequency
difference fa.
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Derivation of a closed form error equation for a step frequency

difference.

f L T ¥
| o
r ]
| o
.l v

122)

Derivation of 2 closed form error equation for a ramp frequency

difference.
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4n0.7.3 Derivation of a closed form error equation for 2 sinusoidal

frequency difference.

¢ 4

FIGURE D-12. Sinusoidal freauency difference.

T L

g S {—?*“)

SN
by

= Ll (28)
B Wfo i
The required buffer storage (Q) is equal to twice the guantity of bits
contained in a time duration equal to the timing €7, as Shown below.
The factor of two is required cince buffers are reset to their mid-poir?
to 2llow for both positive and negative time differences.

-h
[a 8
]

m
4
(AN

i

Q 2 — = 2e.f (25)

where fp = bit rate af incoming stream.

The following sections will use the derived equations to illustrate the
buffer storage capacity required to accommodate the frequency variations

resulting from clock instabilities and transmission media propagation
characteristics.
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50 DETAILED REQUIREMENTS

50.1 Stxample using 2 cesium clock. The ‘Yong-term variation for a
cesium atomic clock can be maintained to within 23 x 10712, The total
combined freguency difference between two independent cesium clocks
would be 6 x 10-12. By using equatian (22) and equation (25), the
required buffer size Q for a buffer reset interval "T" of 24 hours would
be given by

=1x10-6f.. (26)

The capacity requirements for the trunk group buffers at nodes equippec
with cesium clocks woule therefore be as given in tabie D-I11.

TABLE D-iIl. The capacity requirements for the trunk aroup
buiters at nodes equipped with cesium ¢HIOCKS.

Trunk group Required
transmission rate buffer capacity
(in kb/s) (in bits)
16 1
3z 1
84 1
128 1
512 1
1544 2
2048 3
20000 20
L
50.2 txample using a rubidium clock. - Although a rubidium clock has

excellent stability over a relatively short time period, such as 24
hours, its frequency variation over an extended period is cumulative,
Consequently, periodic recalibration is required to avoid excessive
buffer size reguirements. The stability over 24 hours for a rubidium
clock is 1 part in 1011, therefore, during the first 24 hours after
recalibration, the buffer storage required would be essentially the same
as for the cesium clock which is typically 1 part in 1011 per month.
Subsequent 24 hours periods, however, experience larger frequency
differences due to the systematic ({non-statistical) drift inherent irn
the rubidium clock which is typically 1 part in 1011 per month. This
Teads to the need for larger buffers during the subsequent 24 hour
intervals. [If a linear frequency drift is assumed, 2 frequency drift of
1 x 10-!1 per month would correspond to a change of 3.3 x 10-13 per 24
hours. The maximum buffer requirement would occur during the 24 hour
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period just prior to recalibration. The frequency difference for that
interval would be

fo = {(2x 3.3 x 10°130) + (2 x 10-11)] £ (27)
where N = number of days between recalibration.

The factor of 2 is to account for the total possible frequency
difference between the clocks.

A recalibration interval of 6 months (182 days) yields a buffer size
requirement of

Q= 2.42 x 105 £, (28)

L=

The capacity regquirements for the trunk group buffers at nodes equipped
with rubidium ¢locks would therefore be as shown in table D-IV.

TABLE D-iV. The capacity requirements for the trunk group
buffers at nodes equipped with rubidium clocks.

Trunk group Required
transzissfon rate buffer capactty
(in kb/s) (in bits)
16 1
32 i
64 2

128 _ 4
512 14
1544 38
2048 S0
20000 484

50.3 Example using line-of-sight {LOS) 1ink§.u4?reduencj variations for
L0S links are negligible.

50.4 Example using tropospheric links. Frequency variations associated
with tropespheric systems have never been established but it is known
that rapid phase changes are experienced. It will be assumed here that
under the worst condition the phase can instantaneously change by a time
interval corresponding to the maximum range difference which can occur
over & tropospheric link. This is approximately 0.4 us for the
parameters associated with a typical tactical tropospheric transmission
link, The trunk group bit rates to be employed in the land-based
systems comprised of multiplexing 32 kb/s channels with a maximum
capacity of 72 channels., For the maximum size group, this corresponds

to a transmitted bit rate of 2.304 Mb/s. This reduces to a buffer
requirement of only ¢l bit, as follows
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Q = 0.4 (10-6) x 2.3 {106} = .02, . (29)

50.5 Example using satellite links. The buffer storage reauirement for
a satellite Tink is rather large when the system timing is not mada
synchronous by eliminating the time variation associjeted with the
Doppler effect., With statiomary terminzls, the Dopoler effect results
only from the relative motion of the satellite. For a satellite in
synchronpus orbit, the radial velocity change is sinusoidal with a
period of 24 hours. The largest value of peak range rate occurs when
the ground terminzl latitude is 72 degrees and the orbital inclination
of the satsllite is 2.5 degrees. The maximum range rate, V, in this
situation is 20 meters/sec. The peak Doppier freguency which results
from this radial velocity is given by

< vac = 0 {‘30)

a

d T = Mg .

Combining equation (24} and egquation (30) identifies the timing error as

_ o evT (31)
& e ¢ :
and estabiishes & buffer storage reguirement Q of
Q= 8Vi_ f
T (32)

where : perigd = 12 hours,
20 m/s,
velocity of light,

2 x 108 m/s ,

Y =| -~

na

Utilizing the known parameter values and accounting for the buffer
requirement during the negative Doppler excursion results in

-
Q = 7.32 (103} x fp . {33)
L SO L. B Y r O R | bammd ol waemisl ha ae
ng [puUrTTer reguirements Tor Stalidnary  Qrountg  wEmmiangld wWuuilu Ut oo

h
shown in table D-V.
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TABLE D-V. The buffer requirements for stationary ground terminals.

Trunk group Required
transzission rate buffer capacity
{in kb/s} (in bits)
16 18E
32 235
64 459
128 037
512 3758
1544 11303
2048 14062
20000 146400

The required storage is iden.ified in tzrms of trunk group bit rates. A
much larger overall storage requirement would occur if the availabie
satellite bandwidth is sharel by many trunk oroups using TDMA. In this
.case, the storage requirement is dictated by the composite bit rate
transmitted through the satellite and the total buffer storage
requirement could be much greater then in table D-V,

The buffer requirements identified above are fpr a sateliite link which
does not incorporate any method for eliminating the Doppler effect on
the transmitted bit rate. Several concepts exist which can be employed
to partielly or completely eliminate the time variations inherent in a
satellite link,
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ANALYSIS 07 SYNCHRONIZATION PERFORMANCE

This appendix contains information related to MIL-STD-18B-115. Appendix
£ is not & mandatory part of this standard,



Downloaded from http://www.everyspec.com

MIL-STD-188-115

10 GENERAL

10.1 Purpose. The purpose of this appendix is to {llustrate the
an2lysis OF synchronization parameters that must be established to
assure adequate synchronization performance.

103.2 Scooe. This appendix is 2 tutorial on how to derive
synchronization parameters.

20 REFERENCED DOCUMENTS

TRI-TAC Architecture for Tactical Switched Communications Systems, Annex
F2 Netwark Timing,

30 DEFINITIONS

For purposes of this appendix, the definitions of FED-STD-1037 and those
found in appendix B will apply.

40 GENERAL REQUIREMENTS

£0.1 Analvsis 0f svnchronizaticn performance. When timing sources are
slaved to another ciock, parameter values must be established tc assure
that adeguate synchronization performance is realized.

7o identify values for the hold-in range and the puli-in range
parameters, it 1S necessary to determine the transiemt and noise
performance of synchronizing loops. A second order (frequency
correcting) loop will be assumed in order to facititate the
establishment of typical parameter values. A functional block diagram
of a general second order lpop Synchronization system is shown in figure
E-13. The cliosed loop transfer function is:

Bq Wo Through Transfer Funcuon
—(8)= — (5] =
8 W, \ » Loop Transier Function
(34)
T +mT7,98
1 «mTySe(Ty/K)S? {35)
. e W

. IO 1]

where Tg = Time constant,
x. = Total loop gain,

E-50
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substituting w, @ K/T, yields
8o 1 +mT,5S
—(SY= Y(S) = . (386}
B; 1+« mT S 4'(1/@")252

The damping coefficient £ 15 egua) to

L= (m TO)z- En_j:g—.
fwp2d = 2/up '

and putting 3 {in equation (3g) yields {37)
v (s) - 12 (28/un) S ) (38)
1+ (25/wn) S + 5%/wp2
By using figure £-13, we can see that the tracking error is
e{8) = @.(S) - @,fs) . {39)

Combining equations (36) and (39} gives

eds) - (40}
SO RRERIC I

then combining equations {38) and (40) gives

2.2
_ {1/un)®s 6;(53 .

Tl (2g/wn)S + (1/uwnlis2 ' (41)

A damping ratio of .5 results 4n 2 minimum noise error and when %
equals 1/  or ,707, it yields a minimum noise plus the transient
error. However, when £ = 1, this minimizes the transient error and
simplifies the analysis with only a small difference fn the overall loop
performance. The total difference in the closed loop noise bandwidth
between £ = .5 and £=1 is only 20 percent.

E-52
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By letting £ =1

e (s) = (1/un) ?s° Bi(s) , (42)
L+ {2/ug) S + (1/un)? 2
finally
2
e(s) = —— 8 (5 (43)
(s +wn)L

This establishes the transient performance of the loop for any input
function @ E(S)

Identification of the closed laop bandwidth parameter wn estabiishes
all the obprincipal characteristics associated with a second order
synchronizing system.

40.1.1 Hold-in range. There i5 no theoretical limit for the maximum
holtd-in range since the steady state tracking error for a constant
frequency difference is zero in a second order loop. A continuousiy

changing ramp frequency change, however, would result in a tracking
error,

For an input ramp frequency change as shown in figure E-14

Fod

£
FIGURE £-14. An input ramp frequency.

W, =-—Qlt {44)
! T

£-53
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F:)

“i(S)=

—

™J
y-1
U
—

S

and

0,(s) = Az
757 {45)

Recalling that

] (lfmn)zsz e. (S)
) T e ¢ eizs

setting £ = ! and combining equations {241) ang (8%)

E(S) l\S‘tm?zS (ﬂ"‘
n "'

From a table of Laplace transforms

elt) = 581 <« (1 + 4 t)e "=a%] .
Tw 2 " e8)
n .
c{t} identifies tne transient error output associated with a ramp
frequency input from which the maximum transient error can be seen to
occur at t= « and is given by

Qa
tw {a9)

The hold-in range must be sufficient to assure that the phase tracking
error 1is less than %% /2 radians [or +71/2 for a pulse repetition
frequency {PRF) locking loop system) for all freguency rare changes that
could occur due to oscillator instability and propagation anomalies.
The maximum freguency rate which would be accommodated occurs when the
“racking error is n/2radians. The maximum allowable rate of change of
frequency is therefore given by

a u
( -Tﬁ* )max = ~;2 a2 rad/secz.
{50)
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40.1.2 Pull-in range. To identify the pull-in range, it is necessary
to establish the transient response for a step frequency difference
input, £ 4

|
‘.
|

22—

0

-y —

fol

e

FIGURE £-15, A step freguency,

For & second order loop

ws = {is = constant ,
anc n (51)
U](S) = :_C« 1
-
and (52)
2 A8y = H—
i S2
(53)
Recalling that {1/un}252
< 8. (S (41)
€ (s) 1+ (26/wn)S + (Y/wpl2s2 i )
and by setting § =1
c2
efs) = —2 % (s}, (43)
(s +wn)
Combining equations (42) and {52)
els) = —Ra— (54)

2
S+ w)
E-55
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and from a table of Laplace transforms

e{t) = et e 1, (55}

fquating the derivative of equation (55) to zero and solving for t
identifies the time corresponding to the peak transient error as

(5¢)

which when substituted into equation (S5) determines the peak transient
error as

¢ = 0,368 —=2

ma x YT
T '57)

The pull-in range must be sufficient to assure that the pnhase tracking
error is less than i %/2 radians (or + 1/2 for a PRF tock loop) for al)
step frequency <cifferences that couid occur due to  oscillator
instabilities and propacation anomalies. The maximum pull-in freguency
is jdentified when ¢ ., = = /2 radians. The relationship between the
maximum allowabie freguency and the loop parameter for a carrier lock

i .
1"!!\?\ 1¢€ Aivon hv
TUVE 13 WivYDa Wy

% = &4.27 rad/sec .
®ma x 27 wp rad/sec

(58)

40.1.3 Acgquisition time, in an uncoded synchronization 1loop, the
acquisition time comprises the sweep time (if employed) plus seyeral
closed loop time constants. A coded system would reaquire an acquisition
time given by the code length {integration time) multiplied by the
number of code bits containe¢d in the code sequence. This assumes that
211 n bits are integrated. Initial integration could be over less than
n bits to reduce the acquisition time. Angther method for reducing
acquisition time is to examine several subsequences of the code in
parallel. 1In al} cases. the closed loon time constant Iff is the
pr;nr!p:} cans - V]ternat'lua: nv1c? Fnr' eEdTﬂg up
n

acquisition.

2
;
I
&

40.1.4 Flywheeling. In a perfect second order loop with an ideal
filter, the tracking error is zero for a constant frequency d1fference
between the synchronizing loop voltage controlied osciliator {VCO} and
the input frequency. This condition implies that the loop has an
infinite memory and that no timing error would accrue, provided the

E-56
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frequencies remained constant during a fade. This conditien is easily
illustrated by referring to the following equation

- -wnt '
e{t) = note . (50

For t—~ = {this generally corresponds t¢ t equal to several loop time
constants i/f, ), ¢ =0 and removing the input would not have any
effect on the synchronizine loop. Some impliementation methods could
involve a tracking error by virtue of the fact that they involve an
approximate second order loop. Most methods Tor implementing a
synchronization system nvelve a2 muitiplier or its equivalent {sucn 25 4
phease detector or time discriminator), a frequency or phase controllied
osciilator or clock, end a filter. The 1important system transient
characteristics such as Jocking time, holding time, frequency locking
range, etc., depend on system loop parameters such as the effective loop
filter transfer function, the loop gain and the order of control li.e.,

Te* s I ate & +nat v ammlaund e +ho rlacoad Tnnnm cuCtam In
PSe, ene, cul.. wnas s EMpigYEd TOT wne Cig5eC i00p Systéem. in

general, 2 perfect second order velocity correcting system provides good
performance and results ir a zero error control voltage far a constant
freqguency cifference.

Consider the following genera! second order locp synchronizing system,
shown in figure E-16.-

Phase gdezector

FIGURE E-16. A general second arder ioep synchronizing system.

The error control voltage is related to the input forcing function @, by

4]

- [
[ -

) {e)
7 - - i) J

N

h
Wninm
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and we have from feedpgpk_qnq[jsﬁs empioying Laplace transform methods

: -1 - '
CTE(s] IE(R/S)FAS) - T (61)

or substituting for F (s)

T W2 HI5Y
[ e
(S} = .

1+ ToS + (To/K) 52 {62}

For a constant frequency difference input .

g

UJ{(S) = é— '
o0 (52)
and
Q,
G](S) = —=5
SI—
{53)
hence
Qo THK
e{S) = )
|+T'°S+'(T°!K)SI (63)
and by invoking the final limit theorem we see that
e (=) =se(s) | =0 .
. S=0 (54)

The errar control voltage is removed for a constant frequency difference
between the synchronizing system and the input frequency. This
condition automatically holds the 1locop clock at that frequency
difference during signal fades of any duration provided the free running
frequency of the clock remafns constant during the fade. This conditiaen
‘.emphasizes the importance aof short term-stability. [f the frequency
difference between the oscillators remained constant during the fade,
the loap would never lgse Synchronism in a fade sftuatfon no matter how
many fades occurred, A perfect second order loop, however, is not
easily imonlemanted. {ne approach is to emplioy an electro-mechanical
system ut{lizlng a servo-motor driven capacitor to change the frequency
of a VCO. An alternate approach fs to utilize a passfve fitter with a
large lgop gain K" to achfeve an approximation to a second order loop.
A functional block diagram of this concept {s illustrated in figure E-
17.

£-58
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c f\ eo
R
<7
~ 7 Elg) v =
v

FIEURE €.17. Second order phase lock loop with a large loop gain.

Ffor the filter

whare 72 = (Rl + Ryl C

L=

and m= R,

and zinca
els) . i sgls) .
51(55 ! 51[55 i
therefore

els) ., . _{1+mT25}
+1fK)S+(T2iK}S

1+{(mT 2
pd

£-59
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e{S) 5(1/K+T2/K_S)

31(5) 1.._!."1- s1/RICH(T ll{\qz .
r\nllzij.jt\,p.lr\uz.rn-;u
{67)
For a step frequency input, ﬂu,
_ 2
un(S) - S—- k] (52)
0,(s) = -
and 5 {53)
+T,/K
cls) - Ny {1/K+T, /K S)
hence 2 *
SCLH(mT,+1/K)S+(T,/KIS“] - (68)
which results in
e {=)=n_/K
ot " 7 (69)

where K = total loop gain in Hertz/radtian.

When the input signal disappears during fades, the result is equivalent
to shorting the input to the loop filter F(s)}. The oscilliator control
voltage then reduces to zero which returns the VCQ frequency to fts
quiescent value.

The specific transients Tavolved are readily {dentified since

ea{SY) K F(s)
01 (S) 1+ (k/s) F(s) °* {70)
s{temT2S) @ai(S

eo (S) = { ' i{S) : o)

p4(mT,+1/K)S+T, /K S

and for a step frequency fnput, 2,

0,(S) = =74~

5¢ (53)
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which yields

=V (72}
= Ve,

wher the input signal i35 removed, the switch S is <lcsed with the
capacitor, C, charged te <.. Applying Laplace transform theory we have

eQ {m): ;;

- .1 \ QO
S = T T B —
1( ) (Rl PZ Sc; S 3 (73}
and
(74)
e~fs) =0 F::, 2 : R
A KR . ’
- = 4
5+-C (R1+r£2,1
(75}
and from 3 table of Laplace transiorms
£a(2) = ﬂo(ré%‘.f C(R1+R¢}
nyTRg e "75!
which for Ro »> Ry, results in
- T
C{R1+R2)
eolt)s noe 172 .
\77)

Faquatior (77) indicates that during a fade the oscillator frequercy
would initially retain the frequency difference between the input gnd
the oscillator and then decay exponentially with an open loop time
cunstanl equel to C (Ry = Rp}. The design of the synchronizing 1000 ROw
becomes & compromise between the use of a sufficiently large loop gain
K, 2 relatively narrow band effective closed lToop bandwidth q’K/Tz and

the retention of a large ooen loor time constant C (R: + Ra) for holding
the VIO freauency during sigral fades,

e
1

o

—
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For LOS and tropo transmission links, the mean duration of those fadgs
that depress carrier-to-noise power ratios {(C/N) to +5dB or lower °s
generally less than 10 seconds with the exception of UHF/LOS. In the
case of UMF/LDS, the mean duration is less than 10 seconds for (C/H}
<-2dB. In essence, 10 seconds represents a reasonable axpected fade
duration for identifying the memory requirements for synchronization
systems employed in - terrestrial transmission 1links. The allowable
retative frequency change qo/fo is given by

Qo l'--r

——E — . N
f: T (78,

Assuming & maximum zllowzble timing error requirement of 10 perzent o
the pulse width of the maximum trunk bit rate cof ¢.508 Mb/s

E = 0. i

T =0 7 0s0108;
and

$l. 2 17(i10-5}

— R

fo T 90}
therefore

Qo

—=2.17x109 . .

fo (81)

The short term stability of the oscillators in conjunction with the
frequency variations associated with propagation conditions must he less
than 2 parts in 109,

40.1.5 Threshold operformance nf synchrpnizina Ynons. The threshnld
obtainad” in a synchronizing loop depends on the type of 1090
impiemented. The (/N threshold is determined for the various possibie
alternate synchronization approaches to enable an assessment of the
relationship between fades, acquisition <ime, C/N threshold level, 2nd
stability. Available synchronization concepts include spectral 1line
filtering, PRF lock loop synchronization {coherent video}, and ontimum
coherent gated carrier loop Synchronzation, Any specific implementatior
approach would correspond to one of these concepts.
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40.1.5.1 Spectra! line filtering system. Consider a system whfch
synchronizes to a single spectral line of a digital input pulse train.

A functional block diagram for this concept is illustrated in figure E-
18,

phase det.

4
*n

Revy. L H (s)

: v e
N

e e

=1
.

GURE T-18. & spectral Vine of a cigitel input pulse tran.

A Fourier series analysis of a pulse train results in the following
input spectrum depicted in figure £-19.

A fc
Bn = e
/ - »
M. A
-

An\ \ l
3 vt
{f i \\ i

¢ D
L’--\l" L’/lr--lr\\, } ‘ \Ll, l T bW ’T_-"\\ Y

FIGURE E-19. A Fourier series analysis of a pulse train.
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From figqure E-19 1t can be seen that the voltage for spectral lines
close to the carrier is

Vi fr
Viz=— =z Ve .
T8 (82)

and the received power per spectral line is then

' 2 fr. o
Prl=ve = (Vg7 (83)
. Vi P,
B = oe—— — s
) M2 M2 {84}

whare M = number of spectral ltines in bandwidth Bi
B

"

{85)

The output noise power N0 in the logp filter handwidth Bn is given hy

N = FKTB
- where FKT = noise power density.
Therefore, the received outout (S/N)0 power ratio is
($e = oo Fr
e = '
¢ MEFKT Bn (87)
and the input carrier-to-noise ratio (C/N)i is
C Pr
Fic e B, (88)
therefore by combining the equations {B7) and (B8) yields
(3y . B )
N'o ™ uZg NP, (89}
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Threshold occurs when the phase lock loop output root mean square {(rms)
noise phase jitter exceeds approximately 60 degrees or ™ /3 radians,
This corresponds to 90 degrees or = /2 radians being exceeded too often
far recovery of loop svnchronization, The relationship between the
output {5/N)° ratio and the outpu? phase jitter ﬂﬁﬂ is given by

Na
BNO = »
fE SQ (90)

kS
¥
4]
"y
m
=
o
L]

rms noise voltage,

[r:‘
[w)
n

rms sicnal voltage.

marbinina sagatiane [68Y and (20Y in rconjunction with the fact
WUt 19 lll\,.! TWUU W T [* SRR~ - (] LS W) o - -
that B, = 1 ' and B, = Mf_ results in
N te N
(S, = A
N1 T z
2N §-
fory
wnicn at threshold becomes
Sy, . N
2)., = —= R
NTIt oriw {62)

where N = number of pulses contained in the loop integration time.

40.1.5.2 PRF lock looo svnchronization svstem. A video synchronization
system is equivalent to coherently multiplying the input video pulses
through the process of gating and then integrating over N pulses to
enhance the output (S/N)g ratio. This coherent process is preceded by a
non-}inear envelope detector such as a square iaw detector. The non-
linear operation degrades the (S/N) ratio which negates to some qegree
the imorovement associated with the integration process occurring in the
Jooc. The overall performance is in general supersor to fiitering out &

single spectral line of the input signel. A functional block diagram of
a PRF lock loop is shown in figure I-20, :

[
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o bt ideo —-p—{ Time
Revr. M.F. Detector A Disc Hs)
C s
(&) (3 1‘
i :
gate
clock generator [ :’FO

FIGURE £-20. A PRF lock loop.

The loop input signal-to-noise ratio (S/N). is readily related to the
receiver input signal-to-noise (C/NY5 if a Square law video detector is
assumed tc be utilized. In this case

c
Sy (R
N EPTIA )
20i+2{Z)y)

(a3)

The noise components at the input to the loop are spread over 2B, due to
the mixing of noise terms. Additional filtering associated with the
closed loop therefore reduces the noise by approximately

2 Bs
CHR-A%
: Bpd {94)
where Bi = * input receiver bandwidth,
Bn = closed loop noise bandwidth,
M = number of spectral lines contained in the input
vandwidih 8.,
BM = total effective closed loop noise bandwidth.
Since
Bi
M= = (05)
‘r
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and
£ = 1 _ fr
n R !
r {98}
where N = number of pulses integrated by the loop

Combining equations {34}, {95) and (9€) results in

oM {97)

This eguation i5 an approximate relationship due to the fact that the
noise is no longer white following the square law detector, Tt is,

however, considered sufficiently accurate for the purpose of
estabiishing the degree of noise reduction by the loop. The output
(5 H;O is then gi.en by

.02
- \ie g
‘- ot
\._) =f\ -
N's - C
1 2 ey \
1« (N"i] _ [98)

Te establish the threshold, it is necessary to relate the output noise
time jitter to the outout signal and noise. This is accomplished by
identifying the time discriminator curve and the effect ef npise on the
lgop outout for & PRF synchronizing looob. A time discriminator which
provides the necessary bipolar control for synchraonizing is presented in
the figure E-21.

M e "";deo - RaCe  fupm
ai.
Gelay |[egd izverter
} time discriminator
L

FIGURE E-21. A time discriminator.
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The resulting discriminator curve {s shown in flgure E-22 along with
the -timing error ¢ TR introduced by noise.

GTR
) \fzu
VATE g7 _vene
m_}" | %
\@T
—

FIGURE E-22. A discriminator curve.

Referring to figure E-22

input pulse width,
output rms noise amplitude,

a QA
won

ol

VEND N

where Y2 results from the summation of two uncorrelated noise
sources in the error detector and

'N0 = output noise power,
8 TR = gutout rms noisa time jitter,

/3; = output signal peak voltage.

The-output rms nofse time jitter may be related to the output rms noise
Camnlitinda thea nn ca widbh nd Fhia Aodbne c{innal
‘-lllly.ll‘-uuk-u G |-J o H‘lul.ll, CIHU [P R UUL.[JUL. _‘IIHHUI
ZJ_p .
¥ &7
R (99)
Since
/§;" 7e5a ,
{100)
T s et . N [
wWiere ')0 = outputr rms 5S5ignal voltage
then
2
(2} = — . :
Mo 4 §Tq {101)
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Zombining equations {98) and {101} yields ‘
{102)

c.2 ...¢C
(Z) -23(2) -g=0
where
-
B e
an 6TR2 (103)
<
Solving eouations (102) and (103) fa- Lﬁ)i identifies the _re1ationship
betweeﬁ the outpu+t jitter and the input carrier-to-noise ratio
c z >
(g)y= .._T__[p‘j'i_w_:m ETad v,
Lo ety F (108
The PRT loop reaches thﬁeshotd wnen the QuUIpUL s time jitter STR is
aqual to 1/3 tne oulse width or r/3 vielding
n‘\ [s] J
£z = I ;-. T - -,"_'-‘!
W Tyt E (105)
A
40.1.5.3 Optimum coherent cated carrier loop synchronization system.
\ 7
phase det.
Reve, P IF P M.F. ™ gjate H{s)

gate

gen il veo r(__-

FIGURE E-23. An optimum coherent gated carrier loop synchronization system.
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This system cross-correlation detects the input carrier pulse train with
an identical carrier pulse train to optimally synchronize to the framing
channel. All the signal energy is utilized for locking in this coherent
detection sysiam, Its implementation reauires that the PRF be
synchronous with the inpyt carrier in order to keep the gate centered
over the pulsed carrier input. Iritial synchronization may be achieved
with 2 separate PRF loop to center the gate over the carrier cycles.
Upon synchronizing the gated carrier loop, the PRF loop would then be
disenqgaged. The output rms signal-to-noise ratio for an optimum
coherent detector is given by

rS) _ £
‘Rig 57 0
£106)Y
whers L - received signal emergy in joules,
e FRY = noise power censity in watts/H:.
Since -
1P <N,
! AN
o . ,
where r = received pawer,
T o= pulse width,
N = numhor O‘F ntlcae intoanmratad in loon
N number pf pulses Integrated 1n i00p,
and
- 1
D-\. = "—':— .
Al
1108
then
3 ™
S N
{ﬁ:; ERTSEL:- T
. {1pc?
ar
:§_\ = -NE} N
\N}-_: N1
[ERTLE!
IRy
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The output rms signai-to-noise ratio
output noise phase jitter by

—
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concepts. The results are tabulated below.

For a spectral line synchronization system

C oM
tg)ie ®
2w2N

For a2 PRF lock loop synchrpnization system
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For a qgated carrier loop synchronization system

Sy
NIt

=

h (116}

An examination of the equations reveals that an optimum coherent system
is better than one which filters out a single spectral line by the
factor M, where M reoresents the number of spectral lines contained in
tne input bandwidth or equivalently the number of cnannels contained in
a multichannel gystem, An optimum coherent gated carrier loop would
have a threshcld much lower than for a system which filtered ogut a
single spectral iine. The performance of 2 PRF lozk loop system is

_____ . | st

gssentiasiy between that obtained for ihe cther two approaches.

40.1,& DOctimum_ svnchronization Joop desian. The following analysis
establishes that an optimum design exists for a synchronized carrier
loop which minimizes the *ransient plus nnise errp-s to orovide 2
minimum threshold carrier signal-to-noise ratio. As the closed loop
noise bendwidth is reduced, the output noise is reduced which imoroves
the threshold until the trapsient e-ror aprrpaches t7e maximum allowakble
total phase error. At some valuye prior t¢ this, the threshpld signel-

To fazilitate the anzlysis, reference should he made to Section 7.1 of
Annex F2, Network Timing, of the TRI-TAC documen:, Architecture for
Tactical Switched Communications Systems. Eaquation (31) of that section
establisnes the transient performance of a critically damped second
order synchronization phase lock loop for any input function @3 {s}.

2 .
f - N N \9
{3 + =n}c
whera $ is the Laplace transform,
- is the loop design parameter which establishes the

trangiens and noise performance,
¥i{S) = input phase as a function of S,
€(S) = output ipop tracking error- as a function of S.

The input rms noise jitter idﬂi} is relatec to the input signal and rms
ncise amp.itude levels by the following equation

Nj
gy, = radians ,

i
Jﬁﬁ—si
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rms noise voltage in the {nput bandwidth 8¢,

where My
rms signal voltage at the input.

5§

The phase lock loop output noise jitter or phase noise s related to the
input noise jitter or phase noise. by :

/ ]
dNr\ = 6“{ ’ nnt 4

~ H / DC

(118)

where “nt = total effective closed loop noise bandwidth,
: Bc = carrier bandwidth at the {fnput to the phase locked
loop in radians/sec, --and the 4nput noise fs
gssumed. . .

By definition

w

~

-
L.

- Tvtey 120w

(119)
which far a second order critically damped lgop fs readily determined as
L"nt = 2-5 T Wy o B (120)

Combining equations (117), (118),and (120) results in

.rS \ 2-5 Toen 1‘ :
\yg L= T
N TJ T8 D (121)
5 . .
whera (ﬁ % = input signal-to-noise ratfo i fnput bandwidth, Bc.

The loop would lose synchronization when PNg = A7"/2 radians in the
absence of transient errors which establishes the threshold signal-to-
nafse ratio for the loop. When the tracking error is accounted for, the
loop would lose synchronization for
Y ni2y - Erax 3 ‘ {122)
Q .
where ®/2> X > 2/3  depending on the statistics of the nofse
perturbations :
€ max - maximum transient tracking error.
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Substituting equation (122) into {121) yields

(é) . fL.257=n 1 i 23}

N it ¢ ‘{“;‘)'Emax T
1¥ stable clocks are employed, then the frequency accuracCy EXpresse
a maximum frequency difference can be considehed as a constant
frequency difference during the acquisition time of _the _1oop. .
establishing a quantitative value, care should Qe_exercwsed in relating
the calibration and 1long term frequency stability to the freauency

accuracy,

d
st

et 1 TW

g
£
n

Tor a step frequency difference 2o

Wi = <o = constant , {511
hence
. *1(5) T‘C .:53:
gi (S) = = 5 ’
S &
therefore
o
{ =
[ \s) - ? r—-.-\
(5 +w,)l v
and from a table of Laplace transforms
-wat -
E(t) = r-ote' n . (33?

man
4

Equating the derivation of ecuation (55) to zeroc end salving for
jdentifies the time corresponding to the peak transient error as

Wn (56)
which when substituted into equation {55} determines the peak transient
error .. as

e =0.,358 2
max “n (57)

Combining equations (117) and (57) then results in obtaining the
threshold signal-to-noise ratio as a function of the Tloop design
parameter .,
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s LT | _

R e B A n/2-0.368 Mo /w,
(124)
—_— ;
v/ i.25 ©
Let Y= ;
8 ’ {125)
then
(S) Y wn 32
Tt ( A7/2) @, -0.368 Ra (126)
Fanation (126 damanetmatoe  Fha tha thenchald cignal-to-noise ratio
(S L R R R A VAW VCinuiia2Li gqLgy Lija - Lil LI EJiIV LW L= LA e A - -
(S/M);y approaches infinity as{) */2Yug approaches 0.3168Q,5and also as
Up™ = | Therefore, at least one minimum (optimum} value must exist

between these extremes which is readily determined by equating its
derivative to zero.

(5) 3 /2 3/2
L d'®it | (0 "/2)wy~0.368%] Z @n - (A T/Zuy =0
L ]
Yy [(x 7/2)uy-0.3680,)2 (127)
from which
2.2
UJH(ODt) = mh QO

(128}

Equation (128) s the desired result which ind{cates that .the closed
loop bandwidth parameter wn shauld be essentially equal to the frequency
difference to obtain -an optimum design which minimizes the transieat
plus noise error and ults in a minimum threshold signal-to-noise
ratio. The corresponding threshold {S/N)it ratto is readily determined
by substituting equation (128) into equation (126)

maca ]+ in
fca

.S, -1 Sgk-afz,ﬂo_,1/2
W jelopt) VB¢ ) .
: (129)
[f the phase nofse or jitter {s Gaussfan, then phase lock is lost at 60
degrees or w/3 radians for which 3 = 2/3. In this case eguations
(128} and (129) become
wplopt) = 1.05%, | (130)
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q 172

and H 1t(0pt) BC -

(131}

Equation (129) is -the .desired result and utilizing it as a design

Aamiartinn uvialde an a 4--- m \ Y ) thrachnld cinnal_tn_nnfiecn ratin ae
C\.iuul.l\lll J'IGII.IH wan L= wl l \'llA‘ = |'U|\-‘ -II‘_-’IIUI e b TN 0 F A s i ]

indicated by equation (129) .or {131). It should be pointed out that the
derivation does not take 1into account frequency variations due to
oropagatfon conditions ‘1nvo1v1ng Doppler frequencies such as would be
experfenced in a transcefver ‘on a moving vehicle. It would apply to
fixed installations such as the. trunk Tinks of a multichannel switched
system (exclusive of satellite.links).

As an illustration of what threshold vaiues might be obtained, consider
a stable quartz oscillator whose long term stability is 1x10-7 per day

whirh W A3l ihmatand mracrienl ampaine® " oan atamirc rocium nrfm;lr'u
LILREMT Wd S Cdi+uiraic preciscay adainasc an RN HERS LE5 L

standard. After 100 days; the frequency accuracy would be lxIO 7
Assuming a carrier frequency of 10 MHz would then result in @ 5=lHz. For
an rf bandw{dth of 1 MHz, the threshold signal-to-noise rat?o would be
2.92 (10-3) = -25.4 db.

Care must be exercised in utilizing the derived optimum design equation
since the threshold signal-to-noise ratio increases very rapidly as wj
is made smaller than the design -value. A practical desfgn must account
for the maximum -anticipated change expected and should then. allow a

reasonable margin of safaty to the exnected value for a.

Gaws AT AL
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APYANTAGES ANL DISADVANTAGES

b

Thiz gpperdiv cantains information n  support of MIL-STD-19R-115,
Appendix F is not a mandatory part of this standard.
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10  GENERAL
0.1 Purpose. The purpose of this appendix is to {llustrate the
advantages and disadvantages of network internal timing methods.

10.2 Scope, This appendix is 2 tutorial in network timing that are
discussed in the standard.

70 DREFERENC

n

D DOCUMENTS

Not appiicabie.
30 DEFINITIONS

For the purpose of this appendix, the definitions of FEDB-ST0-1037 and
those found in appendix B will apply.

0 GENERAL RIQUIREMEINTS

Network twming and synchronization are zritical design issues since Some
comiunicelions oobjlectives refiect 4 neee fOr automated algiial sysiems
which are specifically designed to accommodate botn voice and nan-veice
traffic and to provide communications security on an end-to-end basis.
For satisfactory system operetion, stringent requirements must be
satisfied with regard to the timing variations which are allowable both
within and among the digital bit streams handled by the systems
Several different svnchronous and asynchronous concepts could be
employad to provide network timing. Independent stable clocks and bit
stuffing represent two possible asvnchronous concepts. Master-stave and
frequency averaging represent two possihle synchronous concepts. Basic
operational requirements concerning network timing relate to the need
for systems to accommodate time division multiplexing (TOM), d}g1t§1
switching, encryption, and to maintain bit count integrity (BCI).
Precise timing is also required for obtaining end-to-end communications
security, adeqguate electronic counter-countermeasure (ECCH), and an
acceptable data transmission capability. 1In some systems, an accuraie
knowledae of time is required to acquire svnchronization,

40,1 Advantaces and disadvantages of the master-slave network timing
method. The basic elements of most master-siave network timing systems
Texcept for brpadcast networks) include & modem, buffer, clock, anc

means 1o wmeasure and correct clock errors. The modem is used to
regenerate the incoming digital bit stream, The clock is used to
provids a stable local timing signal. The buffer is used to absord

drfferences between the phase of the local clock and the incoming hit
stream, The c¢lock error corrections are bhased on filtered clock error
information derived from the received signal(s). There are many
different master-slave approaches, Nearly all digital communications
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systems employ some form of the basic master-slave approach. In some
simple master-slave systems, clocks at nodes directly connected to the
master clock are phase locked to the digital signal received from the
master while other nodes not connected to the master are siaved to those
nodes that are directly connected. This basfc master-slave technique,
unsupported by other master-slave system capability, 1is generally
unsuitable "to provide network synchronization for major nodes of a
military communications system because of survivability problems (f.e.,
loss of nodes or links). However, it is a frequently used method for
timing within a node and for minor nodes to get their timing from major
nodes. More advanced master-slave systems can be provided that overcome
the survivability disadvantages. '

The primary advantage of the master-slave method is the long term
accuracy that it provides when properly implemented. Even with the -most
simple master-slave approaches, the long term average variation rates of
the individual clocks are very nearly identical to that of the network
master. [f the master is referenced to the United States Naval
Observatory (USND)}, every node in the network will have a long term
average rate very nearly identical to that of the USNQ. Therefare, when
"clocks are operating properly, it may be unnecessary to interrupt
traffic to reset buffers anywhere 1in the network. In a waorldwide
network, disruptions due to a clock error at a particular node can cause
some disruptions in other parts of the network even if their ciocks or
buffers are.undisturbed. It is not canvenient to reset buffers in such
& network and it s unnecessary {n normal operation, but such a
capability could be provided te enhance survivability. In a survey
conducted for DCA by several civilian wideband digital communications
networks, none felt that their customers would accept an occasional
fnterruption of traffic to reset the buffers if such an interruption
could be avoided. A1l of them recommended the use of master-slave
systems, '

The simple master-stave technique 1is economical and convenient to
implamant with a simple phase locked loap, but if it {s unsupported by-a
capability to reorganize itself to employ alternative masters and other
enhancements, it posses some survivability problems. Such survivability
praoblems can be overcome by preferred military survival implementations
that provide automatic master-slave reorganization including selectlon
‘of a new master whenever regquired. By providing the ab{l{ty to measure
and remove errors during normal operation and to predict and remove
errors during a free-running period rfollowing a period of calibration,
it can provide greater accuracy and uninterrupted operation for a longer
period of time even in the free-running mode than can be provided by
independent clocks.

Because a survivable military implementation of a master-slave methad
prefarrad for muitichannel switched systems employs very loose coupiing
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between the error measurement process and clock correction {in normal
gperation it might require more than a day to make a 10 microsecond
correction), it maintains many of tha qualities of independent clocks
while providing the long term stabiiity of phase locked systems.

Jamming or interfering signals will nat cause significant timing
problems. If a singfe link serving a major node s interfered with,
jammed or destroyed, another link will be praviding the timing. If all
links to a node are interfered with, jammed or destroyed, the relatively
stable clocks will enter a free-running mode with highly accurate
frequency and phase. This can provide free-running for longer periods
of time before the need for buffer reset. Effects of malfunctions In
1inks ar nodes are automaticaliy detected and do not propagate among
major nodes of the network,

40.1.1 Referencing master-slave timing to UTC. If the master of a
master-slave network is referenced to coordinated universal time (UTC),
all of the nodes of this master-slave network are referenced to UTC. To

nrovida for survivy 1h1]1ru aynry mainw nnda nf 2 astor-cslave notwork
proviag  ror SsulryiVausrivy, eVYOTrYy &g guy noge oF a4 madster nawwers

should be capable of automatically being selected as master for the
entire network, or as master for any severed portion of the netwark.
Although UTC is usually not essential for satisfactory operation of a
network it enhances interfacing capabilities. A capabiifty to provide a

nTr afavence *5 thae master and thase othar nodes ealartrad a2 maet
Vol ICI L1 CHL T Ly il a3 Led aqfu LMY D uvLiets nuyco o I vl I =i P PR wel L) ao LIRLW I IR =)
likely to ascend to master, should be provided. This reference can be

provided by a variety of dissemination means, any of which could be used
to provide a reference to UTC (USND)}. A sizeable number of SATCOM
stations, for example, are designated as precise time stations (PTS). A
NTC naowmtimasmabns . sibh (I0UA +m  aen i adada 3 S T S 2la %A FhaA
Ll pail L?LEPGLE) WLl uvanygy LU ]llull]Lﬂlll L-lilll‘.f UII’CLL.I)' Llﬂ\-t:ﬂulc ALY Lo
USNO master clock through portable clock trips, satellite time
transfers, or other means. These stations have a capability to provide

time to many other parts of the Defense ComMmunications System (DCS) and

‘Lo colocate or interconnect tactical nodes.

With such a system providing an accurate reference to the master of a
master-slave system that is dccurately disseminated internally to the
communications network, nodal clocks can be maintained accurately until
they are required to maintain time accuracy in a free-running mode, The
free-running mode is necessary for survivability in ail systems, but it
is part1cu1ar1y important for some time dependent systems,

Survivability in a master-slave system can be maximized with an extended
fres-running capability and- multiple means for wupdating ta the
Oapartment of Dafanse (0o0) reference, )

40.2 Advantanges and disadvantages of the independent stable clock

netwark timing method. The bdasic elements of the independent clock
network timing approach include a modem, a buffer and a highly stable
frequency standard or clock. The modem is wuwsed to regenerate the

incoming digital bit stream. The independent clock is used to pravide a
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stable local clock rate. The buffer 1s used to absorb phase differences
caused by differences between the frequency of the local clock at Fhe
receiving node and the frequency which is associated with the incoming
digital bit stream. Since the output of the buffer is controlled by the
nodal clock, the incoming digital bit stream is retimed in accordance
with the local clock.

The apparent basic clock frequency of the incoming digital bit stream
can differ from that of the local nodal c¢leck due to the inherent
differences in the independent clocks at the two nodes and the
propagation delay variations of the internodal Ctransmission 1inks.
These factors, as well as the link transmission rate and the allowable
buffer reset period, dictate the capacity requirement for the buffer.
With the independent clock approach, network timing is established by
employing an accurate frequency standard at each node to provide a

stable local timing reference, This technique is inherently
asynchronous since the frequency standards will vary slightly from node
to node. The differences between the basic bit rates of the f{ncoming

trunk groups and that of the lopecal timing source are accommodated
through employment of buffers which are used to retime the f{ncoming
trunk traffic. To minimize the differences among timing sopurces, highly
stable clocks are used to implement the independent clock approach.

The independent stable clock technique provides frequency stability
which is not affected by system operation .or by an external signal
source; it is, therefore, immune to Jjamming signals. The approach 1is
not susceptible to transient disturbances in the network frequency.
Buffers must be employed on each internodal link to accommodate timing
differences between the sending and receiving nodes and to accommodate
frequency variations caused by the transmission media. The buffers must
be periodically reset due tg lang-term accumulatad phase differencas. A
drawback to this approach is the cost of providing the individual stable
timing saurces to each site, however these costs are reducing and
represent a small fraction of the total cost of a multichannel
communications node, A major advantage of the approach is that the
effects of malfunctions in }inks and nodes are not propagated throughout
the network,

40.3 Time-dependent networks. The use of a common reference by all
networks will permit one to aid another and all to take advantage of the
timing services offered by other systems whose timing is traceabie to
USHD., [t will also make possible the use of a common clock facility by
colocated nodes.

Passive time-dissemination daes not require the dser to radiate signals
In aorder to acquire accurate time infaormation. The use of external
time-dissemination services traceable to USNO may be necessary in
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e

certain links or networks thaf for operational or security reasons, are
establfshed er entered only at certa1n times,

A numher of systems require precise time and must therefore contlnuously
maintain accurate . clocks.  Some -of these systems have a built-in
capability to maintain traceability to the DoD Master Clock (USNO Master
Clock), whiie others use external.means or-a-combination of- internal and
gxternal means for redundancy -and survivability. Some systems employ
redundant local atomic clocks (generally cesium) to provide an {n-house
capability that would survive prolonged losses of -the dissemination
means by which they are normmally checked against the DoD Master Clock.

They may also have alternate dissemination means available for daccess to
other traceable UTC references both to increase their own survivability
and to provide alternate links between the references and the DoD Master
Clock. Some of these systems make their accurate time signals available
to signals other colocated systems. or nodes. ’

The issue of survivability is most impartant in & time-dependent system
and requires that the timing and synchronization -aspects of the system
be fdentified and addressed as . an, -~ Integral part of the system
architecture. Of particular importance are the free-running capabilily
of each clock system and the -availability of UTC reference sources.
Redundancy is commonly employed in clock systems to ensure that the
local time reference will not be lost during free-running. Major
systems frequently contain clock ensembles. with ¢tomparison means to
identify a substandard or malfunctioning clock. The clocks of the
ensemble normally run relatively -independently of each other so that no
clock or control system failure would c::r‘lnnq]u affect all of the

con syste ure would -seriously affect
clocks.

[n time-dependent systems, loss of the accurate ‘nodal time reference Is
generally of greater consequence than, a  temparary discontinuity in
providing timing signals. Alsoe, in time-dependent systems, the free-
running performance ragquirements of ‘the c¢lock: are generally more
difficult to meet than the requfrements .for an accurate frequency alone.
For these reasons, clock system design "objectives for a time-dependent
system may be different from those of a system whose only timing

r%q‘d‘lrcillclll— 'l-l UII U\.-l-l.tll IJLL ‘iCHUCIILJ r‘ mpl}t}b1n f"lﬂf‘l’ Q}JQ ﬂm f‘in':'lf'ln(

should be used wherever the clock m1ght at saome time be required to
serve the dual purpose of supplying an accurate frequency and acting as
a4 time reference,

Intermittent or late entry intc some retworks can be greatly facilitated
by a prior knowledge of network time whether time is obtafned by time-
dissemination or by other means. - Navigation systems that disseminate
time are frequently empioyed for. tfme dissemination. They, along with
other systems, make it passible (sometimes automatically) to correct for

________ 4 1 -

prUPdgdL]OH lee gelays. .
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40.4 Timing for networks requiring accurate time. The bit-stream
timing and Synchronization of an UTC traceable time reference requires
an accurate frequency standard, but not necessarily accurate time,
However, for some networks accurate time (used -in the sense of "epoch®
or "occasion" of a non-recurring or rarely recurring event) is required.
These networks are designed to resist jamming; reduce chances of
‘intercept or spoofing; enhance reception of signals in noise; reduce or
eliminate synchronization overhead; deny -wse of assets ({such as
satellites) to others; orovide -synergy -with position-location,
navigation, or intelligence systems; identify or authenticate; permit
immediate or quick entry and reduce guard bands in time division
multiple access {TDMA) systems; or - provide combinations of these
features. while some svstems requiring precise time may normally
operate continuously, & need for precise time is often to establish or
re-establish a link or network or to bring new systems on line within
the network. Therefore, the noda! clocks are often required to maintain
accurate time whether the node is participating in network operations or
not.

“Although accurate frequency can be estabiished and maintained at any
location by using "primary" atomic standards, such as cesium beam
Aevices. a~7y-ata tims must he nhtained dinitially from e reference
outside the node and me2intained locaily with.reference to an accurate
Tozal frecuency frate) standard until subsequently updated, Some means

ab - e — i oA -

of time dissemination, either internal or external .to the communications
network, is recuired to coordinate the clocks in a time-synchronizec
link or network. The initiel setting, 'which may also include a
. frequency f{or rate) calibration, is accomplished through & time-
dissemination or local distribution system, The reference for clock
setting might be timing disseminated through a network, a portable
clock, a ciock of a colocated node or a common clock of colocated nodes,
a navigation system, a special timing link, a time broadcast or certain
communications 1Jinks ({including special synchronizing modes of the
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APPENDIX G
EXAMPLE OF NITWORKX TIMING DISTRIBUTION BETWEEN TAITICAL RODES

This appendix contains tutorial information in support of MIL-STD-188-
115. Appendix G is not & mandatory part of this standard,
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10 GENERAL

10.1 Puyrpose. The purpose of this appendix is to illustrate, using an
example, Eow timing is distributed throughout & tactical node.

10.2 Scope. This appendix, showing a timing subsystem, is intended to
be a general tactical system level oOverview. A more detaiied
description of individual equipments or assemblages mey be obtained by
referencing appropriate equipment specifications,

20 REFERENCED DOCUMENTS

Not applicable,
30 DEFINITIONS

For purposes of this appendix, the definitions in FED-STD-1037 and those
found in appendix B wili apply.

40 GENERAL REQUIREMENTS

40.1 Example of network timing distributions betweer %tactical nodes.
The ' :iming subsystem developed for tactical switched communications
networks is built around & highiy accurate cesium beam standard locatec.-
ir the AN/T50-111, Lommunications Noda) Control Flement (CNCE).  EacH
CNCE normally operates its own timing system from its own internal
cesium standard which drives & voltage controlled crystal oscillator
{VCXD). This approach is generally referred to as an independent timing
system. In this mode, the sending and receiving CNCE cesium based
tlocks will be set closely enough that filling or emptying af the
receiving station's buffer should be infregquent. The necessity of
interrupting traffic te reset buffers i5 expected to be once per day or
less under normazl conditions, '

The CNCE does have a number of additional timing capabilities. The
cesium beam standard wil)l normally drive the internal VCX0. There is a
second VCXD as backup. The VCXO can free-run if the cesium standard is
lost. In addition, timino can be derived from either of two incoming
transmission groups and used to slave the oscillator to the selected
incoming group. These capabilities can be selected on a manual or.
automatic basis. )

Below the CNCE equipped node, at subordinats or access nodes, tactical
switches obtain timing from a VCXO, and in most cases the VCXO will have
a backup unit. These switch associated VCXOs will normally derive their
timing reference from and be slaved to an incoming conditioned diphase
data transmission group which is traceable back to a cesium standard at
a CNCE. A)] switch VCXOs however, do have the ability to free run, with

6-85 | .
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reduced stability if the CNCE cesium <lock fails, if connection to a
CNCE 1is lost, or if the deployment is such that a CNCE is not available.

The tactical. radio equipment will normally operate in a slaved mode.
All such radios will derive timing from conditioned diphase data
transitions in the traffic data stream. There are two potential
exceptions to this rule. The AN/TRC-170 Tropo/L0S digital radio
terminal system contains a rubidium source which can operate as a master
timing source, driving an internal VCXO. The ability to free-run from a
rubidium sgurce or directly from the YCXD is available for a stand-alone
situation where the AN/TRC-170 can provide direct "access to subscribers
or smaller digital switches with low stability timing Sources, and
without a CNCE or major switch in the system as a timing Source. The
AM/TRC-170 can also slave its VCX0 to data coming from efther thé radio
or cable side. The other eaxception concerns finventory analog Army
radios which have been modified by additian of digital modems,
multipiexers and orderwire control wunits (0CU). The O0CUs have timing
optians which permit them to derive fiming from a variety of sources.
Prefarably, these sources are traceable to a CNCE from which they can
then be manipulated and distributed to satisfy the total timing
requirements within the associated assemblage shelter, These 0CUs can
operate in a free-running maode {§f the external source is lost., However,
this capability is primarily intended to service the secure digital
voice orderwire for initidl circuit lineup (no traffic) or restoral.
tagain no traffic) and thus no external mode of operation. Buffers will
retime data from other CNCE equipped nodes, adjust any minor differences
between the two CNCEs cesium beam standards and feed the received data
to the local CNCE processor at the ltocal timing rate. The CNCE can also
operate its timing system in several other modes which can be selected
manudily or automatically. If the local cesium beam fails, then. the
VCX0 can be set to operate in a free-running mode. The cesium beam
standard can be set to operate within 2 X 10-12 5f the desired
freguency, The VYCX0, which would normally be slaved to the cesfum beam
standard, would in the case of free-running revert to a. stability
of +10-% for a 24 hour period. Although stability would be reduced and
buffer resets might be more frequent, the system would continue to
function but in a degraded mode, Here it must bhe noted that all
subordinate nodes or switches will have YCXJs and buffers, and they will
normally operate staved to the CMNCE. When the CNCE timing sources are
fost, then subordinate elements can aiso have their VYCX0s reset to a
free-running mode with a loss in stability comparable to that for the
CHCE when it switches from cesium to VCXO free-running . timing. The
system will continue to function although in a degraded mode, with a
more frequent need to interrupt traffic for buffer resets, For an
axanple of network timing distribution between tactical nodes see ‘figure
G-22,
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Examole of network timing distribution

between tactical nodes.
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RPPINDLIY M
NZITWORK TIMING FJR THE DEFENSE COMMUNICATIONS SYSTEM (DCS)

“his appendix contains tutorial information in support of MIL-3TD-188-
118, Appendix 4 is not a mandatory part of this standard.
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10 GENERAL

10.1 -Purpose. The purpose of this appendix is to describe the criteria
and rationale used in planning the network timing and synchronization
capability for the planned digital portion of the Defense Communications
System (DCS). This timing and synchronizaztion capability will be
required for certain equipments, subsyst2ms, and system interfaces.

10.2 Scope. This appendix gives general information on the fun-tioning
of network timing for the DCS.

20 REFERENCED DOCUMENTS

1 A o M/ACH S0
g Trum Jufte C¥o-

20.1 Appendix extraction. This appendix is excerpi

(1]
o
Wi

N.2 Documents referenced in this apoendix. JCS Master Navigation Plan
SM-256-83).

2
[
i

30 DECINITIONS

ror purposes of this appendix, the definitions of FLu-STL-1337 and inosc
found in appendix B will apply.

&0 GENERAL REQUIREMENTS

40.1 Timing and  svnchronization configuration. The propesed
configuration of the timing and synchronization subsystem consists of
the station clock, clock distribution subsystem, and digital data
buffer, A functional diagram of the station clock and the c<lock
distribution subsystem is shown in figure H-23, For terrestrial nodes
colocated with Defense Satellite Coummunications System (0SCS) sites,
existing cesium beam standards used in the DSCS may he used as the
primary reference for the DCS station <clock, The two precision
oscillators provided as backup will have an initial accuracy equal to
the reference and & long term stability of + 2 x 10-19. For non-DSCS
sites, Loran C will be used as the primary reference source for the
station clock., Both the DSCS atomic clocks and the loran { navigational
system have transmit frequency sources that are synchronized to
universal coordinated time {UTC).

In order to satisfv the set of performance ohjectives for timing
subsystem availability, station clock accuracy, station clock stability,
mean time between outage (MTBQ), mean time to repair (MTTR}, mean time
to timing slips (MTTS), and buffer lengths, the station clock has been
specified to provide redundancy in the form of two precision oscillators
in order to compensate For any loss of loran { due to equipment failure
or signal loss. The station clock is also capable of accepting an
external reference {Such as a c2sium bean standard)} when available.
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40.1.1 Station clock, It should be noted that the JLS Master
Navigation Plan ([SM-756-831) proposes a phase out of the Loran syStem in
favor of the NAVSTAR Global Positianing System (GPS) during the period
1987-1992. [n the event that this planning is executed, available
alternatives will be substituted to provide requisite UTD reference.

The station clock, as functionally depicted in figure H-26, will provide
an accurate and stable source of frequency anj time standards at rates
of 1 MHz, 5 MHz, and 1 pps. The station clock has the option of being
driven by the loran ( receiver or by an external reference sourc? !such
2s cesium beam standard)}, dependent upon the best available reference.
In priority order, first choice will bhe the primary reference; second
choice, the a\ternate rnfarence, and third choice, the two oscillators.
The en] -01an Af sha 1nn‘n : mew tha nDoetmmaz] afFaron~n cAuUPFa AcC &ha

=L L} Wi [ 1= 1T gel b or Ll =ALCiTIagl reverenc?e WUl L& g3 (SRRl

primary or alternate refzrence is an operator seiectahle function,

40.1.1.1 tLoran £ receiver. The loran C receiver provides automatic
acquisition and tracking of operator selected loran  signals for use as
a precise reference against which other Ffrequency standards may be
compar2Z or contrplled. After the Group Repetition Interval (GPRI) and
desired Joran C si2tipn have been selected by the operator, no other
intervention will be needed. The receiver will automatically acauire
the seiected station of the loran C chain and then automaticelly ge inte.
the tracking mode. Without intervention, the receiver will continue ¢
track until the incoming signal fades beyond the sensitivity of the
receiver or the operator takes action to halt the tracking orocess. 1In

the event that this siunaT is Iost th rezejver will automatically
mAAAAatTern *ha s PN ..... i a i 2l ambad mdabkian
P CGLyuiii © L.IC gtuunu wWa vE UI g ll ICI J’ AR Il LU stdcion,

Using the loran { ground wave, the receiver will provide a 1 MH2 signal
output which tracks the long term accuracy of the loran C signal. The I
MHz reference output w111 Jhave an accuracy of at least 1 part in 1011 jn
one hour, 1 part in 1012 in one day, and 1 part in 1013 tnereafter,
malntaxned with respect to the received signal. The 1 pps reference
output as provided by the receiver is tied to the received loran
signat. The 1 pps output is accurate to 1 microsecond with respect to
the received signal. The 1 pps pulse, at least 20 microseconds wide,

will be used as an unambiguous timing pulse.

40.1.1.2 Ffreauency myltiplier. °The frequency multiplier provides the
funcztions of frequency svnthesis, distribution, manual! seleztion and
failure mode operation and all necessary interfaces within the station
clock, to include the lgran  receiver, the external source, the primary
and hack up oscillators and the distribution amplifier.

Should the primary reference fail, the frequency mulitiplier will
automatically switch to the alternate reference until it is manually

{ =4
e
™3
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reset. Should both the primary and alternate references fail, all
reference input signals to the oscillators .Will discontinue, and the
oscillators will operate unlocked {not phase and frequenzy locked to the
1 MHz primary and alternate reference),

4n0.1.1.3 Oscillatars. Two oscillators -are provided a5 Separate
independent components. Fach oscillator is locked to its respective
input from the frequency multipler. Should the referance signal be
lost, reacquisition of phase lock. will be-automatic after the reference
signal is restored. The oscillators accept the referenze inputl and
provide outpuis that assume 'the long term -stability of the reference.

Upon removal of the reference signal, the oscillators will continue to
prov1de the output signals without immediate degradation greater than
1x10-12,  Thereafter the oscillators will degrade in accuracy nat more
‘than J.3x}0'11 per gav.

-

40.1.17.4 Distributior amplifier, The distribution amplifier provides
-the drive capability to 4nterface the frequency multiplier eand the
pscillators’ 1 MH: output signals to remote equipment. In addition to
its use within the station clock, the distribution emplifier is 3lso
capahle of indenendent operztion. The distribution amplifier employs
three separate synthesizers to synthesize the 5 MHz output signals. The
distribution amnlifier as & minimum provides Six 5 MHz ané siv 1 MHz
sing wave outputs. : .

40.1.2 Clock distribution subsvstem (CDS). The CDS interfaces with the
station clock to generate and Gistributz timing signals to transmission
and user equipnents. In order to meet DCS availability criteria, triple
redundant frequency synthesis foliowed by majority vote logic is

providec. Voting logic will select one of the three frequency
synthesized outputs and provide the selected frequency rate to the
distribution amplifier. The distribution amplifier then provides an

individually isolated output to each equipment as reguired.
The principal functions of the CDS include

{a) accepting up to three 1ndependent frequency reference input
signals,

fbY providing redundancy in neratlng synthesized clocking
frequencies for the required families of ' rates {(table H-VI),

{c) distributing these c\ock1ng -signals- to individual transmission
and switching equipment, and

{d) providing alarm indications for failures.

& functional schematic of the COS, dep1c;1ng the interrelationship of
its elements, is shown in figure H- 27

The COS and the associated frequency sources will provide timing to some
or all the transmission and switching subsystems lozated at 23 0DCS

H-94
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TABLE H-VI. Clock freauency families,

Clock Rates I N Values
Y]
I. 75 (28) Hz family N=0tolil
I1. 500 {NY Mz family N=11to 12
IIT. R000 (N) Hz family Me=lto?
v, 2N kHz family N=~Fftoll
V. 192 {N) kHz family N=1, 2,1, 8
V1. 1.544 IN} kH: family N=11tp ¢
vII. 2,237 (N) MH:z family N=11t &
YIil. 5.0 (N} MHz family N=1

commynizations node. The clotk signais gensrated by the (DS will be
appiied tc extezrnal clock inputs of the <:ransmission and switcthing
equipment consistent with the input interface parameters of each
equipment,

The CDS frequency synthesizer accepts as inputs three 1 MHz or 5 MH:z
signals from the station c¢lock or other frequency standard. The C0S
also accepts as inputs three 1.548 MHz signals from external sources
{e.g., AN/FCC-98). Simuitaneous inputs of any combination of 1.544, 1,
or 5 MH:z cannot be used, When available, the frequency synthesizer of
the clock distribution subsystem can also interface with cesium beam
standards of the type used in the DSCS. The frequency synthesizer is
capable of synthesizing all c¢lock rates Tisted in table H-VI, For each
generated family of clock rates specified in table H-VI, the redundant
frequency svnthesizers will provide outputs to the voting logia. The
voting logic will then select one of these sSynthesizer outputs anc
provide the selected frequency rate to.the distribution amplifier. The
voting logic determines which {if any) of the frequency synthesizer
outputs are in disagreement. If one frequency synthesizer 1is found to
disagree with the other two synthesizers, its output is removed from the
input to the distribution amplifier, and will require operator
intervention for return to service. If all frequency synthesizers are
found to disagree, the voting logic will lock to any one of the
Synthesizer outputs. If two or more of the frequency synthesizers are

H-96
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found te agree, the vating lpjic will select any one of the synthesizers
which anrce for output to the distribution ampiifier,

Implamentation of the netwprk does nat require that every node have 4
loran C receiver or other orimarv refarence standard. The allowabie
iaptemeatstion will b2 to provide these primary clock sources at masjor
nodes, with minor nodes slaved {lpoped) to them.

The determination as to major versus minor node designation and hence
the timing and svnchronization configuration for each node is made using
a number of specrfic criteria,

specific criteria for mgjor nodes are noied helow,

()

fal The wigesprezad anplication of the Low Speed Time Qivision
Multipiexer (LSTOM - AN/FCZ-100) and its swvnchronous date channel
capabilities reguire in most cases separate timing and synchronization
capatilisties,

foY t1e iat-oduziion  of  digital  troposcatter will  reouira
“synchronization of associated eguipment to include the MD-915 trepo
mpd2n ani intarnal oscillators,
CCE oWl otk LOs evoiving Lloward on gt ozigitil commumfoztions
m, there ar2 timinp and synchronization requirements for the

svstem,
appiication of a3yzvia} swiuchwnc Therefore, mejor nodes witnin the
Jefense Switchad dpiwark DSHY wealm will consist of those colocated
OSK/T0% sites not defined as terminating nodes,
fdY the  interface of synchronous data channels Dbetween the
1

ter-estrial BT and the PSS will require svnchronization of these two
systems, Buffars, station clocks, 23nd clock distribution subsystems may
he requi-ed for  satisfying these DSCS-terrestrial interface
requi=ements, and

fa! timing and 5vqchront7at1on systems have been allocated at
those repeater Yocations fwnich are more than through-routed repeaters)
branching in three ar mgre directions, in order to maintain the overall
parformance characteristics of the natwork,

Specific criteria for minor nodes are noted helow.
f2} Waere (5TD®'s are located ai terminating sites, loopec timing
will be used, and

b)Y  through--outed reppater~ locetions are not provided separate
“iming and synchronizzticn subsystams.

4-87/98
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APPERDIX ]
SXAMPLE OF TIME-DIDENDENT SYSTIMS AND TIME-DISSEMINATION SYSTEMS

This appendix contains general information related to MIL-STD-188-115,
Appwndic ! is not 3 mandatary part of this standard,
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10 GENERAL

ID.1 Purpose. The purpase of this appendix is to illustrate typical
+ime-dependent systems anj time dissemination systems.

10.2 Scope. This appandic is a brief overview of time-denendent
systems an3 time dissemination systems and is not all inclusive,

26 REFERERCED DOTUMENTS

“Navy Precise Time and Time Interval [PTT!) Requirements Analysis Final
Yeport,”’ MAVOBSY TS/°TTI SOP-R1, "{p=rating Procedures for Precise Tin:
and Time 1aterval Zquionents.”

30 DEFINITIOMS

For purdoses of this appendic, the definitions of FED-STD-!'037 and tnose
found in appendix B will apnly.

40  GENEZRAL REQUIREMENTS

a0.1 tfxamnles of times-depandent Svstems. Thne following dessriptions
illustrzte  typical ::Te-dﬂpencoﬂ‘ systams  ant  the means by which
azcu-ats time i3 ogptiined, mzintained and, in som? cz:ses, provided o

agthg~ systems or nodes.

NOTE: There are numerdus MNavy systams thah reguire time accurat2 to 1
ms or better, The timing requirements of many of these systems ara
given in the "Navy DPrecise Time and Time Iaterval (PTTI} Requirement
Analysis Final Report", published by the Space and Naval Warfare Systems
Command {SPAWARS), and in a WAVELEX wmemorandum, bhoth of which are
classified., The Jefense Communications Agency (KA} ond the Services
also have systems wits timing requirements af better than 1 ms. Som2 of
these systems are classified.

20.1.1 SATCOM, In the DSCS SATCOM spread spectrum systens, the
redundant local cesium clocks are traceable directly to the Dod Master

3 + -
Flamt. J1osm Macbars flaslYl Al ctarus 2c nearica Fime cfnr|nn< VBT S The
Wil UL A TRV g vy \w'UL'\: arye owr vy aa Prow tas LR LLEY DR -~

SATCOM clocks are reqularly checked through the inhereat worldwide time
dissemination capab1]1tv of tha spread spectrum links to the USND and
are occasionally  compared with portable  USND cesium clocks,

Dissemination (eitwer portable clock or satellite-link) is accurate to
the order of 100 ns, and the clocks are maintained within $5 us of the
USNO Master Clock. Adjustments that can change th2 time or rate
(frequency) of the SATCOM clock are done manually according to 4
standard operating procedure and are performed only by direction of

1-100
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USND. The operation of the °TS network is specified in NAVOBSY TS/PTTI
SOP-21. A PTS provides a point for local anrd transient clock checks for
both t1me and frequency and performs a monitor and reference function
for local transmission. In some cases, the accurate time and frequency
ars made available to other colocated systems, such as channei-packing,
AUTODIN, crypto-systems, and t0S microwave links, The PTS may also
monito~ loran 0, NaVy Havigatipn Satellite System (TRANSIT), and other
time dissemination facilities. The monitoring function is a part of the
svstem hy which USNO disseminates precise time, since the results are
reported to USND. At the same time, the monitoring adds to the
redundancy of tne PTS, because deyiations in the Tocal c¢lock can be more
effectively evaluyated with Jarger amounts of independently acquired
corroborative data. Since the SATCOM clocks are regularly rated and
updated hy USND over an e2xtanded period of time, their performance
nistories are well known, and they have the capability to free-run for
long periods withoyt accumylating large time or frequency error.
Therefore, the ©TS system has a high degree of survivability, and
degradatien would be very gradua! and small in the event of a loss of
the tink witn USNOD.

40,1.2 HAYE QUICK. The MAYE QUICKX communications system for tactical
aircrafi communic3ations emplovs rubidium clocks to maintain time
accuracy. Tnousands of these equipments are being procured. The clocks
may be synchronized hv sending synchronizing words between aircraf
The syster w'll interface with the NAVSTAR Gliobal Positioning System
{GPS} for time setting and updating to the required accuracy.
Interoperability among and within groups will be enhanced by the G&PS
conneztion,

49.1.1 JTIDS. The Tactical Digital Information Link J provides secure
digital communications utilizing a formatted data standard to support
high  capacity, secure,  non-nodal,  jam resistant  information
distribution. The link will he capable of operating in the severe
adverse eleltromagnetic environments anticipated in  future military
operations, TADIL J recognizes state-of-the-art advances in signal
processing and integratad circuit technology to overcome the most severe
limitations of the pravious generations of TADILs with expected data
rates one to two orders of magnituge higher than previous systems. At
the samsa time it incorporates sophisticated spread-spectrum
communications and forward error correction coding techniques which
support very high anti-jam margins, and low probability of intercept/low
prubability of expleitation (.PI/LPE) characteristics in systems which
confarm to the TADIL J requirements.

40.1.4 MILSTAR. The MILSTAR communications system w'll have & precise
time requirement. Dstails are not available at present.

I-101
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an.1.5 VERDIN, The MHavy VERDIN VLI/LF communications system l{and
likely some similar Air Force systens) has a precise time requirement,
Submarines and shore stitions employ cesium bHeam clocks that are
required to free-run for extanded periovds.

40.1.6 TACAMD., TACAMO aircraft provide a survivable VYLF/LF link with
Navy units. The system requires precises time and alternate means arz
provided for- time setting and updating,

40.1.7 Qther systems. Other czommand, control, communications and
intelligence sSystems of the three services require precisz time,
Included are a number 0f modems, Crypto Ssystems, sensor systems, i<,
whose details or requirements are classified,

40.2 txamples ¢f time dissemination svstams., Described below are some
6f the time dissemination sysiems in current use. These systems are
traceable to USNDO and can be used for ciock setting and updating within
their accuracy and availability limits,

a0.2.1 NAVSTA®-GPS. The HWAVSTAEL Globa) Positioning System [GPS) 1s a
worldwide navigation and time dissemination system giving position to
approximately 10 meters and time accurate to 100 ns. The full

constellation of 19 satellites qgiving continuous worldwide service will
be operational in 1987, <Zurraznily, there are four operating satellitles
that can be usec by fixed stations and, under favorable conditions, by
mobile users. The user eaquioment now under development will cont2in a
standarcd precise fime interface. The satellites are monitored by U5KJ,
end updated regularly. Cesium and rubidium clocks are carried adoard
the sateilites, ami & hydrogen maser clock is under dev2lopment for
maximum survivabpility in the event of loss of contact with the wonitor
and control stations. The satellites will be capable of operating
autonomously for extended periods in the unlikely event of a loss of 21l
the links with the master control station. While reception from four
satellites is required for a full navigation and time determination, a
fixed site in a known location can determine time to 100 ns accuracy
from reception of one satellite. The ground . segment employs high-
performance redundant c2sium ciocks and plans to use hydrpgen maser
clatks currently under Zovelggmaont,

40.2.2 Loran (. The low freguency loran C navigation system gives
ground wave coverage of much of the Earth's surface, but there are large
gaps. Accuracy of time dissemination in the ground wave areas 1is
normally bette~ than ! uys. 1In the larger areas covered o1ly by sky wave
propagation, the accuracy is considerably reduced and s subject to
occasional propagation disturoances, including daily effects, but is
usable for some applications. Since the inherent time ambiguities of
he known locally to that
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accuracy before precise time can be ohtained.
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The various links of the system are monitored by USND and by PTSs to
give traceability to USNO. The loran C transmitters employ cesium beam
clocks that can free-run for extended periods without wupdate.
Individual transmitters of a chain maintain close coordination with the
master station thrpugh 2 monitoring system, but the chain may deviate a
few microseconds from UTC. Corrections for each chain are published
reguiarly by USND. In many areas, interference from low frequency
stations must be rejected with notch filters. Susceptibility to jamming
is a possible disadvantage. Individual transmitters are occasionally
taken off the air for maintenance,

Timing from loran C is used in some cases either for monitoring the long
term perfarmence of local clocks or determining the drift rates of
moderate stability oscillators. Under favorable conditions and usxng
ground wave signais, frequency comparisons can be made to about ix10~!
over & one dav observation. Distortions of sky wave signals degrade
frequency measurement capability by a factor of 100 or more.

40.2.3 QMEGA navigation svstem, The very Jlow frequency OMEIGA
navigation system has nominal worid wide coverage through a system of
eight transmitters. Navipation is accomplished by making simultaneous
phase comparisons of several transmitters. For timing, the system is
useful mainty 2as a stable frequency source, sSince time ambiguity
inte-vals are very small. #nile the system employs cesium beam cloc@s
daily and anomalous variations of the essentially sky wave propagation
make interpretation of frequency comparisons difficult {as with sky wave
Loran ), and phase comparisons are normally made over a period of a day
or more. Daily phase values 0f OMEGA are published by USNO.

40.2.4 High frequency time broadcasts, High frequency time broadcasts
are useful mostly for time dissemination to an accuracy of about 1 ms.
Propagation is typically sky wave and wunlike navigation system
dissemination and two-way satellite dissemination, there is no inherent
provision far determining propagation time. The propagation delay
calculated from the best estimate of the radio path involves some
uncertainty, especially when the path is long. The unambiguous time is
useful, within the coverage areas of the high frequency stations, for
moderate accurecy clock setting and upda'1ng or as 2 means of respiving
the anbiguities of loran C. Coverage is variable and depends upon the
frequency in use and the existing propagation conditions, 2s well as the
state of interference from other broadcast services or intentional
jamming. The broadcests of tne National Sureau of Standards {NBS) hignh
frequency stations WWY and WWVH are traceable to USNO through the PT3s
maintained by N85 in Colorado and Hawaii.

4n.2.5 Portable clocks. Portable Clocks are used by USND as one method
of r-a?n-\n and updating clocks of °7Ss and other facilities reguiring
of ing and updating clocks of ©TSs and other facilities requiring
precise time. The cesium clocks are set to UTC at the USKO

[-103



Downloaded from http://www.everyspec.com

O 3

MIL-STD-188-115

master clock and transportable while running continuously to the
facilities requiring calibration. Batteries are used when power mains
are not available. The clocks are rechecked after the trips in a timing
“closure" to verify proper portahle clock operations and to prorate
smal} deviations through the trip. Accuracy of portable clock trips is
in the order of 100 ns. :

Ciock trips are also used to verify other time dissemination technigues,
such as GPS and the SATCOM spread spectrum method, which have
commensyrate precision. As the number of valid techniques increases,
the number of portable c¢lock trips will be reduced, Portable clock
trips, however, may remain as a backup dissemination method,

40.2.6 QOther dissemination methods. A larga number of disseminatian
methods have been developed for both specific and general application.
Only a few will he mentioned here.

40.2.6.1 TV 1ine-10. In the TV line-10 method, two or mare facilities
extract the same synchronization pulse from a caoperative or
uncooperative television broadcast station in comnon view aof the
fac{litfes and compare 1its timing with their local clocks. The
technique requires the users to resolve the frame ambiguity of about 33
ms separately, The method also requires exchange of data between the

users, Propagation time differences must be resolved by distance
measurement, portable clocks, etc. Range is Timited by the coverage of
availabie television transmitters in common view. The method is

subject to broadcast schedules and other factors that are not under
control of the users.

40.2.6.2 Very long baseline interferometry (VLBI1). VLBI is a
dissemination method that 1is capabie of very high precision. The
technique involves simultaneous monitoring of extraterrestrial radiation
sources at two or more user sites and a comparison of time marked data
exchanged through some communications medium such as shipping of
recordings between sites. Operationally, the technique is not generally
employed for communications, hut might bhe used 1in wvery precise
comparisons of major timing facilities.

40.2.6.3 Other disseminatinon systems. A numher of dissemination
systems have been designed for specific applications. Some are piggy-
back systems that make use of existing communications systems, and
others employ special links or broadcasts established specifically for
timing. In the Hawali PTTI test bed, for example, a specially designed
spread spectrum modem and time-transfer unit have been used on an unused
portion of a microwave line-of-sight {LOS) communications link to make
timing comparisons to sub-micrasecond accuracy, The pilot tone of the
master station of another microwave L0S network was stabilized by the
station's accurate frequency reference to provide an accurate standard
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fregquancy to the other statiaans of the natwork. The spread Spectrum
modem  and  time transfer ynit were also wused in  two-way sate111te
communicitions links to provide dccurate time te stations not equipped

time dissemination.

Time dissemination via fiber optics or LOS laser links has the potential
for extremely high precision because of the large available bandwidth
and has heen used experimentally with good results. Some links have the
capability to act a5 time dissemination media. Ordinarily, a channel of
large bGandwidth will support precise time transfers, but this is not
necessarily the case with freguency hoppiny systems that hop slowly.

These techniques require Some means, such as two-way transmission or
independant measures, to determine the propagation time delay. The
oropagation delay may be measured and considered constant for some fixed
Tinks nat involving variable distances or paths, but with satellite
links ar links invplving mohile platforns, the propagation delay must
generally bhe determined for esach time transfer. Automatic methods are
usually available to resplve the propdagation delay when two-way circuits
are invalved., The "passive” navigation systems, Such as GPS or loran C,
can he wysed In a fane-way) Dbroadcast mopde to provide precise time
dissemination to both mobile or fixed users. The advantage of a passive
system is that the user {$ not requirad toa emit a2 signal ar use any of
Tts communications capacity to exchange date or correct for propagation
delay,
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APPINDTX
SUBSERVIINT OSCILLATORS

This appendix conzains tutorial information in support of MIL-STD-188-
115, Appendix J 15 not 2 mandatory part of this standard.
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10 GENERAL

10.1 Purpose. The purpose of this appendix is to describe general
principles of the operation of subservient oscillators.

13.2 Scooe. This appendix i5 & tuterial on subservient oscillators
and does not provide detailed descriptions, i.e,, loap bandwidth,

20 REFERENCED DOCUMENTS

Not applicable.
30 DEFINITIONS

For the purpose of this appendix, the definitions of FED-STD-1037 and
those found in apoendix 8 will apniy.

40 GEINERAL REQUIREMENTS

With reference to figure J-23, tne reference signal from the principa’
clock is

Apsin(upt+5p), {132)

ang the oufput from the ceontroiled oscillator is
AoSiﬂ(Lﬂot"’So)- .A-3}

The 90 degree phase shift between the oscillator and the phase detector
is added so that the output of the oscillator will be in phase with the
reference signal from the principal c¢lock wunder phase Tlocked
conditions. The phase detector is & product device so that its output
is the product of 1its two finputs multipiied by a gain factor,
Therefore, for these inputs to the phase detector, its output is

KaApAosin((up+uplt + {Bp48g1y & K2ApRosin{(wp-wplt + (6p-8p1)- (134)

The filter removes the sum frequency term leaving only the difference
term to be applied to control the frequency of the volitage controlled
oscillator, w,. [f the natural frequency of the oscillator (the
frequency when the control voltage -is zero) fs the same as the
reference frequency, this output is proportional to sin(Bg -85) and it
will increasew, temporarily to increase 8, or it will decrezse uwy
temporarily to decrease 8,. When 8g is egual to Qp, there is no output
from the phase detector so that the system should continue to operate
with 8; equal to 8. If there are any disturbances to 8, {or 8p), the
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FIGURE J-28., vPhased locked loop.

voltages from the phase detector will temporar '1y alter the frequency
of the oscillator o raduce the difference o tonon . and =
|11 LIIC WaL b ] IOLUI LY FUEUWULT LIE u! VITETNLD VUL LWL p L1 ke 0

The assumption that the natural frequency of the oscillator is the same
as the reference frequency is not a good assumption. In practice an
input control wvoltage must be applied to the voltage controlled
gsciliator to keep it on frequency while temporary variations in the
control voltage are used to maintain the desired phase relationship.

Tais can be accomplished by adding an integrator in the path between the
output of the phase detector and the oscillator so that the output of
the phase detsctor is inteqrated before being applied to control the
oscillator, If there is a difference between the frequency of the
oscillator and frequency of the reference signal and there is no control
signal applied to the oscillator, the output of the phase detector will
be a sine wave with a frequency equal to this difference. 1f this {5
applied to the oscillator as a control signal, it will distort the sine
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wave., The control signal will always change the osciilator frequency in

2 way to reduce the phase difference between the signals applied to the -

phase detector, During part of the phase detector output cycle, it will
increase oscillator frequency and during another part, it will decrease
the frequency. When sin{wp-%g)t is positive it increases wg toO make the
phase errcr smaller; but when sin{_p-.g)t is negative, it decreases wg
to make the phase error smaller. At first thought, it might seem that
these would cancel over the period of a full cycle. However, the
portion of the cycle where {wp-up) 15 decreased is longer (because of
its lower frequency) than portlon of the cycle where (u p-wo) 1s
increased. With this distorted signal applied to 2the 1ntegrator 2
voltage witl accumulate that will cause the oscillator frequency to move
toward the reference frequency until (_ -ug) 1s equ2l to zero and phase
loeck is achieved with GD-GO 2lso equa] to zero. Hence, in normal phase
Tocked operation, there witl dlweys be & control VUILEEE ﬂppileu to the
oscillator 10 keep it on freguency, but the input to the integrator will
be zero. Whenever there is tendency for the oscillator to drift in-
phase, an output from the phase detector will correct it.

Under phase locked conditions, the putput of the phase detector is zero,
If a d.c. voltage is added to this output, the input to the integrator
must still be kept Ie2rc, so that the oscillator frequency is temperarily
thanged until there :s an output from the phase detector that exactly
cancels the added d.c. voltage. The oscillator continues to mzintain
phase lock with the reference signal but with & phase offset determinec
bv the added d.c. voltage and the characteristics of the phase detector.
This phase offset is the basis of the subservient oscillator that tracks
one input signal when it is available but maintains the Tlong term
stability of the reference signal when that input signal is not
available.

With reference to figure J-29, the 1loop at the top of the figure
operates in the same manner as described in figure J-28 when the output
from the hold circuit is zero. Any output from the hold circuit will
cause a phase offset relative to the reference signal at point A. The
signal to be tracked is applied at point B. wWhen this signal is
present, the holding mode of the hold circuit is disabled and the output
of filter 2 is passed to the sum circuit through an inverter. The
output of the oscillator §s )

Aosin(u ¢+8p). (135)
The reference signal from the principal clock at point A is

and the signal to be tracked at point B is

J-110
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Arsin{ugpt+0,). {137)
Therefore the output of the sum circuit at point C is
KApRgs in{{wp-uglt + (65-85)) = KApAtsin({wp-we)t + (5p-et)). (138)

In a well controlled communications system, the signal to be tracked
originating at the principal clock, has the same average freguency as
the principal c¢lock that is applied as reference at point A so
that _,=-, . As shown earljer, the control system will drive the input
to the integrator at point C to zero so that

AOSEH((L.J:-\“O)T. + (Ep“ig)) = AtSin‘ep'atE. {130‘

If the input lTevel of the signals to the phase detectors are maintained
at the same level for if phase detectors that are insensitive to the
evel of the input signal are used} and if under controlled conditions
sin{Bp-85} = sin{B8p-84) are both smeller than :-./2 , then 8, = Bt and
the oscitietor will track the desired signal. However, if either [65-8,)
or (Bp-8¢) exceeds + /2 the opscillator might lock to an incorrect
"signal. This dccurrence will be discussed in detail later, When the
desired signal to track is not available, the hold circuit is activated
maintaining the offset voltage input to the sum circuit at the Tlast
vaiue obtained orior to loss of signel., The oscillator is locked to the
reference signai from the principal clock with a phase offset determined
by the voitage output of the hold circuit until the signal again becomses
available,

There are various ways that phase detectors can be built to increase the
phase angle that can exist between the input signals before ambiguities
can occur. This is accomplished, for example, when time comparisons are
used instead of the phase comparisons of periodic signals. Perhaps tne
most commonly applied method is by passing the inputs to the phase
detectors through freguency dividers, This extends the range of the

ambiguity by factor equal to the frequency division factor.

Another approach, for allowing the oscillator to track very large phase
excursions {a very large number of cycles) relative to the principal
clock while still maintaining a phase lock to the principal clock will
be explained with reference to figure J-30 where the filters associated
with each phase detector are assumed -to be included in the phase
detector to simplify the diagram. The operation will be explained in
terms of the outputs of each of the phase detectors when a signal is
present.
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FIGURE J-29,

Phased locked loops with two phase detectors.
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The output of phase detector 1 is

B coslug-we}t + (8p-a¢). (140)
——

The output of phase detector 2 is

Roht cin{up-we)t + (ag-ag), (141)

-

The output of phase detector 2 is

-ALA
P70 cos{up-wglt *+ {8p-8¢), {(182)

&

—-{
>
1

output of phase detector & is

Aoh sinfup-wglt =+ {8p-351). 1123}
under jocked conditions, the average frequencies of “p, “t, and “o
will be the same and any variations from these frequenc1es, can be
included in the values of 8. These frequencies will not be explicitly
written for the outputs of phase detectors 5 and 6. This will simplify
the notation,

The output of phase detector & is

ApA A .
t"®  sin(8p-8¢lcos{B,-84).
The output of phase detector & is
ApArAo
—7— cos{ep-tjtos(sp-sa) . (145)

The output of the sum circuit is

g [sin{eg-ae)cos(np-8p) + cos{8p-8y)sin(hy-ug)] , (148}

where

2
Ky = ApheA, S"H"I(Bp-et) .

— (147)
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and
2 (148)
—_—r
anc
-1 K
149
tan E '5E'et - 1809 . ( )

The output of the sum circuit is applied directly to the integrator.
When the svstem is phased locked, the input of the integrator is zero
and sinfgp §:1-(6p-65) is zero, When @t changes, a corresponding change
occurs in 8p. Wher the signai is lost, the last values of Ky and Kp are
maintained in the two hold circuits and the oscillator maintains a phase
Yock with the reference but with a fixed offset determined by Ky and Kj.
With this circuit, &; can be changed and an indefinite number of cycies
and 6o will follow it. However, when the signal is lost and K3 and Kz
are fixed, 8, wili remain phase locked to the reference with an ogffset
astermined bv tne last value of (Gp-9~}.

Another method of extending the range of a subservient oscillator over
many cycles is closely related to the frequency division/phase method
described eartier, except instead of using a frequency divider and phase
detector, it uses a psevdo random generator and a correlator. This hes
the advantage of extending the amb:gunty range while maintaining the
.resolution of the original system, but it has the disadvantage of more
difficult initial- acqu151t10n of phase lock,
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APPENDIX K
JITTER

This appendix conteins generz! information related to MIL-STD-18R-115.
Appendix X is not a2 mandatory part of this standard.
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girtput signal transitions, The ampiitude and frequéency response of
system timing. recovery circuits can also affect Jitter. To a first
approximation, these circuits will vremove input Jjitter frequency
companents outside their bandwidth and will pass or even amplify Jjitter
within their bands.

pattern dependent jitter can result from intersymbol interfergnce caused
by system response misalignments or when timing recovery circuits are
required to process digital siqnals that contain periocds of minfmal or

non-random signal transitions. Digital 1line codes that assure a more
random~1ike pattern activity are often used, in part, to minimize these

effects.

Another prevalent source of Jjitter termed waiting-time Jjitter arises
when wusing cartain types of multiplexing-demultiplexing processes
emplioying pulse-stuffing. Input channals that are not synchronized to
the same timing source can be multiplexed together, One common method
uses positive justification, or pulse stuffing, of the input channels to
a common frequency. A typical multiplexed digital signal consists of a
number of channels that are TDM together into a sing]e data stream.

Graups of these bits are separated by overhead bits inserted
pariodically at the multiplexer which contain synchrantzatian

information, an indication of whether a pulse stuff oeccurred In
individual channels, and other functions such as error-detectfon and
auxfliary signaling channels. Pulse stuffing is accomplished wusing
elastic stores in which the continuous channel input is written into a
buffer, or data stare, at the channel rate and read out of the store at
the multiplexer channel rate into the TOM bit stream. Phase comparisons
between the input and output timing indicate if a stuff bit is required.
This pulse stufi and its subsequent removal at the demultiplexer can
gnly occur in certain time siots which gives rise to the term waiting
time Jitter to describe the Jjitter caused by this process. In most
systems, the ratio of the actual stuff rate dictated hy the channel
timing and multiplexer timing and the stuff opportunity- rate dictated by
the overhead structure are not rational, and fraquency components of
waiting time jittar can extend down to very low frequencies, This
jitter {is wusually within the bhandwidth of system companents and can
accumulate as systems are interconnecied.

-Other sources of jitter, such as the intrinsic phase noise of
oscitiators used as timing sources and in timing recovery phase locked
loops, alse add to tha overall signal jitter although these levels are
usually low.

The sources of Jitter discussed are important to consider and usually
occur in various degrees in digital systems. They can, 1in their
axtreme, cause performance degradations and make error-free connectigns
hetween systems impossibla,

40.1.2 Jitter tolerance. Most sources of Jitter can he defined and
usually controlled by proper system design, however, system components
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must be able to tolerate these Jjitter 1levels for proper system
performance.

Most system components such as repeaters and demultiplexers have input
timing recovery circuits that permit them to perform their functions,
The tolerance to jitter of these circuits takes the form of figure K-31
which shows tolerance levels at which errors occur in bits, or unit
intervals, of jitter versus the frequency of the jitter. Freguency
components of input jitter greater than the bandwidth of the timing
recovery system are not tracked, and acceptable input jitter varietions
are usually restricted to one kit or less as shown in the figure.

{1 « GAIN OPER LOOP)
a Fom e QRDER
X~ puast LOCKED LOOP
\
TYPICALLY
2 70 10
JITTER IN
UKIT INTERVALS KIGH € FILTER
0R BITS
2048/
PEAX TO PEAK DECADE SLOPE
TYPICALLY
LESS
THAN 1
¥ |
Fy/10 5

JITTER FREQUENCT

FIGURE K-31. Jitter tolerance for eguipment with input timing
recovery circuitry,

The recoverad timing begins to follow jitter frequencies that are within
the timing recovery bandwidth, and the tolerance to jitter increases for
lower jitter frequencies. The jitter tolerance of components that have
filters or phase locked Yoop timing recovery circuits at their input are
shown in figure K-31,

For equipment that incorporates an elastic store for jitter reduction or
=zlock smopthing, such as the demultiplexer channel output previously
discussed, the jitter tolerance takes a form similar to figure K-32,
For this case the tolerance to input jitter is the Tlower of the
tolerance of the input signal timing recovery circuit or the tolerance
of the very narrow phase locked Toop of the elastic store. The
tolerance of the elastic store's loop is increased from 1 bit peak-to-
peak at high jitter frequencies by the addition of dividers, which
permiit the lgop phase detector in the elastic store to tolerate greater
input phase excursions without losing lock.
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FIGURE k-3Z. Jitter tolerance for eguipment with elastic store.

The exact characterization of jitter and its effect on performance in
digital communications systems is often difficult at best, particularly
when different <digital links made of eguipment from different
manufacturers are interconnected. 1ln this situation it is desirable to
correlate opertinent jitter measurements with specific performance
parameters. The following measurements are usefyl in characterizing
jitter and assessing its effects on performance.

40.1.2 Jitter measurements. Both the msanitude and frequency content
of Jjitver are usuz:lv 1mportant when determining Jjitter tolerance
because of the frequency dependent characteristics of cigital eguipment.
CCITT Recommendation (.171 defines the level and freguency ranges for
jitter generating equipment that are applicable to most systems, Jditter
tolerance measurements using selected bit pattern sequences or system-
generated signals are 2lso useful to assess pattern dependency effects.

40.1.4 Jitter magritude, A measurement of peak-to-peak jitter is
useful at the input to eaquipment such .as demultiplexers and digital
switches that have a jitter tolerance that is flat over a broad
frequency range 2s shown in figure K-32.

40.1.5 Maximum jitter. A stored measurement of the maximum peak-to-
peak jitter that occurs during a particular measurement period serves to
verify the extremes of jitter excursions on digitat signals. The limits
of these measurements, to assyre application to most systems, are also
specified in CCITT Recommendation 0.171.

40.1.6 Jitter threshold seconds. The number of seconds during which
the peak-to-peak Jitter exceeds a user selected threshold is recorded.
This measurement is useful in characterizing the jitter of a system with
the threshold set relative to a particular system tolerance level.
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ROPENDI L
LORAN €, OMEGA, VLF TRARSMITTING STATIONS,
AND TIME-SIGNALS EMITIEU IN THE UTC SYSTEM

This appendix contains general information ral

ated to MIL-S
Appendix . is not a mancdatory part of this standard.
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10 GENERAL

10.1 Purpose. The purpose of this appendix is to list Yeran C, OMEGA,
and VLF transmitting stations and time-signals emitted in the UTC
system. .

10.72 Scope. This appendix gives 1ists of transmitting stations and
time signals.

20 REFERENCED DODCUMENTS

Not applicable,
30 DEFINITIONS
Not applicable,

4 GENERAL REQUIREMENTS

40.1 Lloran {, OMEGA, and VLF transmitting stations.

40.1.1 loran C transmittina stations (100 kHz)

Central Pacific {ao9n}
Johnston island
Upoic Point, Hawaii
Kure, Midway Island

Fast Coast Canada {5930}
Carihou, Maine
Nantucket, Massachusetts
Cape Race, Newfoundland, Canada
Fox Harbour, Labrador, Canada

test Coast Canada (5990)
Williams Lake, British Columbhia, Canada
Shoal Cove, Alaska
George, Washington
Port Hardy, British Columbia, {anada

Labrador Sea {7930)
Ffox Harhpur, Lahrador, Lanada
Lape Rarce, Newfoundland, Canada
Angissoq, Greenland

Gulf of Alaska {7940)
Tok, Alasaka
Narrow Cape, Kodiak Island, Alaska
Shoal Cove, Alaska
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NHarwaqgian Sea (797n)
cjde Faerge Islands, Denmark
Bo, Horway
Svlt, Germany
Sandur, Iceland
Jan Mayen, Norway

Southeast USA {7980)
Malone, Florida
Grangevilie, Fiorida
Raymondville, Texas
Jupiter, Florida
Carolina Beach, North Carolina

Mediterranean Sea {7000}
Sellia Marina, ltaly
campedusa, Italy
Kargaharun, Turkey
Tstartit, Spairn

Great Lakes (827N0)
Dana, !ndians
Malone, Floridea
Senoca, New York
Baydetie, Minnesota

Yest Coast USA {9940}
Fallon, Nevada

Middletown, California
Searchlight, Nevada

Mprtheast !SA [(998M)
Senaca, MNeow York
Larihou, Maine
Nantucket, Massachusetis
Carolina Beach, North Carolina
Dana, Indiana

Northwes: Pacific (997¢)
Iwo Jima, Japan
Marcus Island, Jaoan
Hokkaidn, Japan
Gesashi, Okinawa, Japan
Yap Island, USA Trust
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Icetandic (998n)
Sandur, Iceland
Angissoq, Greenland
tide, Faeroe Islands, Denmark

North Pacific (@090)
St. Paul, Prihilof Islands, Alasks
ttu, Alaska
Part Clacence, Alaska
Narrow Cape, Kodiak lsland, Alaska

4n.1.2 OQOMEGA transmittina stations. (Each station transmits four
navigation freauencies -- 10,7, T3.5, 11 173, and 11,05 kHz. A fifth
frequency, unigue to each station, is also transmitted,)

Kaneohe, Hawaii Unique frequency 11.8 kHz

Monrovia, Liheria Unique frequency 172.0 xHz

Aldra, Horway Unique frequency 12.1 kHz

La Reunion Island Unique frequency 12,3 kHz

Tsushima lsland, Japan Unigue freguency 12.8 kH:z

Gol fo Nuevo, Argentina tinique freguency 172.¢ kHz

Sale, Australia Unigue fFrequency 17,0 kW2

La Maure, North Dakota Unique fraguency 12,1 kHz

40.%1.3 U.S. Navy VLT communications stations.

17.4 kHz, NBT, Yosami, Janan

21.4 kHz, NSS, Annapolis, Maryland
22.3 kHz, NWC, Exmputh, Australia
23,8 kHz, NPM, Lualualei, Hawaii

24 .0 kHz, NAA, Cutler, Maine

24.8% kHz, NLK, Jim Creek, Hashington
2R.5 kHz, NAU, Aguadilla, Puerto Rico

40.2 Time-sionals emitted in the UTC svstem. Tahle L-VI] contains

time-signals emnitted in the UTC system.
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APPENDIX M
TYPICAL CHARACTERISTICS OF FREQUENIY SOURCES

This appendix contains general information related to MIL-STD-188B-113,
Appencix M is not a mandatory part of this standard.
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10 GENERAL

10.1 Purpose. The purpose of this appendix 1is to show the
characteristics of three different freguenly Ssources.

10.2 Scoope. This appendix compares the three frequency sources in
tabular form.

20 REFERENCED DOCUMENTS

Not applicable,
30 DEFINITIONS
Not applicable,.

a0 GENERAL REQUIREMENTS

Table M-VIII gives the characteristics of three frequency sources.
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\
TABLE M-VIII, Characteristics of frequency sources.
KIXD OF OSCILLATOR
RUBIDIUM
’ CHARACTERISTICS CRYSTAL ) CESINM GAS CELL
—_— — S — T e e —e——
BASIC RESONATOR FREQUENCY 16 kHz TO 100 MH: 9,192,631,770 Hz | €,834 ,682 608 Wz
DUTBUT FREQUENCIES PROVIDED | 10 kHz TO 100 MH: i, 5, 10 MHz i, 5, 10 MHz
TYPICAL TYPICAL
RESONATOR Q 104 10 106 167 10 108 107
RELATIVE FREQUENZY 5 x 1011 2 % 10-11
STABILITY 10-6 10 10-12 TO T0
SHORT-TERM, 1 SECOND 5 x 10-13 5 x 10-12
RELATIVE FREQUENCY § x 10-12
STABILITY, to-6 1o 10712 10-13 10 10-3¢ |70 i
LONG-TERM, 1 DAY 3% 10°%3
=~ PRINCIPAL CAUSES OF AGING OF CRYSTAL, COMPONENT LIGHT SOURCE AGING,
LONG-TERM INSTABILITY AGING OF ELECT- AGING FILTER & GAS CELL
RONIC COMPONENTS, | ABING, ENYIRON-
ENVIRONMENTAL KENTAL EFFECTS
EFFECTS
TIME FOR CLOCK TO BE IN 1 NEEK TO
ERROR 1 MICROSECOND 1S 7D 10 DAYS 1 MONTH 1 TO 10 DAYS
FRACTIONAL FREQUENCY NOT APPLICABLE 1 x 101l 70 1 X 10-10
REPRODUCIBILITY MUST CALIBRATE 2 x 10-12
’ FRACTIONAL FREQUENCY 1x10°% 10 5 x 10-13 1 x 10-11
DRIFT 1 x 10-11 PER DAY PER YEAR PER MOKTH
PRINCIPAL ENVIRONMENTAL MOTION, TEMPERATURE, | MAGNETIC FIELD, | MAGNETIC FIELD,
EFFECTS CRYSTAL DRIVE LEVEL |.ACCELERATIONS, TEMPERATURE
TEMPERATURE CHANGE, ATMOS-
CHANGE PHERIC PRESSURE
1
f"
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