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FOR2UOR0

1. Originally, Military Standard 1?,S (!41L-STD-1S!3) cove?ed technical
standards for tacti:al and long haul communlcatiot?s, but later evolved
through revisions (MIL-STD-188A, tlIL-sTG-189B) into a document

applicable to tactical communications only (MIL- ST D-189 C).

7 The Defense Communications Agency (DCAI published DCA Circulars
~DCAC} promulgating standards and engineering criteria appl icable to the
long haul !lefense Communications System (DCS! and to the technical
sunpnrt of ths N?tion?l Military Cofmnand System (NMCS!.

:. ,4s a result of a JOit.t Chiefs of S:a=f (JCS~ action, stand?rds fOr
all military communications are now being published in a MI L-STD-196
series of documents. The MI L- STD-18@ series is subdivided into a MIL-
STO-1PI%1OO series covering common standards for tac:ical and long haul
communications, a PI_- SiD-l B5-z DQ series covering standards for tactical
Zo,mllu?.: ::lions only, arm a MI L- STG-i S&-30@ series covering standards for
iong t-.aul zommu,lications only. Emohasis iS being placed on devei OpTn9
-p--q” <!p..j,~rj. frr :ar. i..l ?rcl Inn? ha,.tlc.~m~,.f.,:?:.n?s nl,l.1;.$h:~ “1
the MI L-3 TL-!86-!OL ser? es.

L, In marl.vdigital Communications s-vs;ems, tnp timino relationship of
each Particular oulse TO other puises in the same sequential stream is
fuqaamental to i“terpre:; no rhe information contained in the pu)s. es. if
time div; sion multi plexin~, time division
mul tiple

switching or time division
access systems ar!+ use<!, this t ime relationship is d

OPtQ~m~nin~ factor as t.o whom the information belongs. ?S well as itS
mcacir.~, i.e., par:ic~lar t im.e S:ots are assigned
purposes.

f~r particuia -
The loss cf proper timing can be ca:as:rophic an< cause all

received information to be meaningless. Therefore, it is imperative
, that effective, survivable, economical system timing be provided for

military digital communications.

6. This document provides mandatory system standards for planning,
engine eri~g, procurement and use of timing and synchronization
capabilities for DoD digital communications systems and indicates design
objectives for preferred network timing capabilities.

7. This document supersedes those appl icable portions of MlL-STD-188-
200.
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I

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 retirements 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 interoperabil ity and performance characteristics that
may be exceeded in order to satisfy speci fic requirements. This
document provides quidance requi red to achieve interoperabil ity between
existing and futur-e communications facilities. In addition, emphasis
has been placed on allowing maximum flexibility of system configurations
to sati sfy diverse user requirements. This document is not intended to
be an engineering textbook or a reference handbook. However, this
document does cont,?in technical background information to explain how
some of the standards were derived, why certain parameters were
standardized, where these standards apply and how the stantiards are to
be used.

Tnis document ooes no: aonlv to systems that do not have to ir,teroperate
uith o:ner systems. However, changing requirements and possible future
needs and the benefits of standardization must be considered before
mak!nq this determ$naiion.

This document is not a stand-alone, comprehensive, and engineering
Wfe-enCS Cent.zining all the technical details required for the design
of new equipment and facilities or the preparation of specifications.
Co~seouently, design details such as size and weight limitations, c?ble
assembl ies and power supply requirements are not contained in this
oocument.

NOTE 1: “Timing” is used 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 a special case of timing.

NOTE ?: “Tim?” is used in she sense of time-of-day (TOO).

NOTE 3: “Time interval” indicates the duration of a segment of time
wi thou: ,’efe,’cnct to wilen the time incervul oegims and enc!s. Time
interval may be given in seconds of time.

1.z Aopljca~iQn. This document is to be used in the planning, design,
development, procurement and installation of all new DoD digital
communications systems and those existing digital communications systems
undergoing major modi fications 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 systems be immediately converted to  
Comply with the requirements of this standard.  All design and  
Development of equipment or systems started after the effective date of 
This document shall satisfy the requirements of this document.  This 
Document is in accordance with DOD directive (DODD) 5160.51, Precise 
Time and Time Interval (PTTI) Standards and Calibration Facilities for 
Use of Department of Defense Components and Federal Standard 1002 (FED- 
STD-1002), Time and frequency.  Reference Information in  
Telecommunications Systems. 
 
1.3 Objectives;  The objectives of this document with respect to timing 
and synchronization are:  (a.) to insure a high degree of interoperation 
of long haul and tactical equipment, subsystems and systems consistent  
with military requirements; (b.) to provide a degree of system 
performance acceptable to a majority of users of communications systems; 
and (c.) to achieve interoperability, performance and compataiblity in 
the most economical way. 
 
1.4 System standards and design objectives.  The parameters and other 
Requirements specified in this document are mandatory system standards 
(see appendix A) if the word “shall” is used in connection with the  
parameter value or requirement under consideration.  Non-mandatory 
system parameters and design objectives are indicated as optional by the 
word “should” in connection with the parameter value or requirement 
under consideration “Will” is used to express a declaration of purpose 
or intent.  For a definition of the “system standards” and “design 
objective”, see FED-STD-1037. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
     2 
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? REFERENCED DOCUMENTS

2.1 Government documents. The fol lowing documents and
referenced In the c~tea documents (first tier) form a
standard to the extent specified. Al 1 others are for
information only.

the. documents
part of this
guidance and

2. 1.1 Specifications, standards, and handbooks. Unless otherwi se
specifies, the fol; owing 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

Standsrds
~cdc~a!

FED- STD- IOC?

F~L)-sTo-lo37

Military

to the extent specified herein.

Time and Frequency Reference information
in Telecommunications Systems

Glossary of Telecommunications Terms

f41L-~TD-l B8-ll C Electrical Characteristics of Digital

~., . . .
,,. .. J,..-

DoG-STD

interface Circuits

i: C;<ctrcw,dgr,elic Emissiol”l dn~
Suscectibil it-v Requirements fo.- the
Control of Electromagnetic Interference

3?9/441 Interface Standard for Shipboard Systems ,
Precise Time and Time Interval

2.1.2 Other Government documents, drawinas . and publications. The
following Government document;, drawings, and publications form a part
~f ~hi~ standard to extent specified herein.

DoDC? 5160.51 Precise Time and Time Interval (PTTI)
Standards and Calibration Facilities for
Use by Department of Oefense Components

Copies of Specifications, standards, handbooks, drawings,
Jut! !Caticl:; rsql,:rat

and
b.,. COil LVditOV5 iv, connect iun wi tb specific

dCQ!Ji Siti On functions should be obtained from the contracting activity
or as directed b-v the contracting officer.

2.2 Order of precedence. In the event of a confl ict between the text
Of this standard and the references cited herein, the text of this
standard shall take precedence.

3
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3 DEFINITIONS (
3.1 Definition of terms. Definition of terms used in..this doc~ent
shall De as specl fled fn FEO-STD-1O37. Those definitions of terms
unique to timing and synchronization and not defined in FED- STO-1O37 are
provided in appendix B.

3.2 Abbreviations end acronyms. The abbreviations and acronyms used in
this document are defined in FED- STD-1037. Those abbreviations and
acronyms unique to timing and synchronization and not defined in FEO-
STO-1037 are provided in appendix C.

i,.

4
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I

I

I k.

4 GENERAL REQUIREMENTS

4.1 Networks.

4.1.1 Timina and synchronization. All operations within each node of a
network shall be timed from the nodal clock. Data shall be read into a
retiming unit with the timing of the received signal and transferred out
with timing dsterminec! by the nodal clock. In accordance with FED-STD-
1002 and Dooo 5.160.51, whenever interoperability between
tel ecommunicaticins networks is dependent on time or frequency or time
and frequency reference information, the time and frequency, shal 1 be
referenced to [known in terms of) the existing standards of time and
frequency maintained by the U.S. Naval Observatory (USNO) or any source
traceable to Coordinated Universal Time (UTC) of the USNO. The accuracy
of the time and frequency reference information with respect to UTC
(US~O) or a UTC (USNO! traceable source shall be conanensurate with
individual design and interface requirements. This can be accornplished
usin~ internal and extern$l timing and synchronization. Either internal
or external timing shall be referenced to UTC (see 0000 5160.51 and FEO-
STD-1OO2? when available.

NOTE 1. The term “referenced to (known in terms of)” as used above
identi fies 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 freouency offset between the two networks unless the frequency
accuracies are “reference6 tO (known in terms oF)” the same (a SoMnZOn)
frequency reference.

NOTE 2. FEO-STD-1OO2 identifies the UTC (USNO) and uTC National Bureau
of Standards (NBS) as the two reference sources for Federal Agencies.
However, OODO 5160.51 identifies the USNO as the single 000 component
responsible for uniform and standard time and time interval operations.

NOTE 3. Once inttroperation 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 maintain timing and synchronization. Honever. whenever timing
or synchronization must be re-establ ished, UTC is the common reference
to be used.

4.1.1.1 Internal timing. The network should be designed to minimize
dependence on any particular external timing system. The timing
capability and any timing reorganization needed tfter 1ink or node
failure Should occur automatically, where practicable. There are many
methods to provide timing information for use by clocks throughout the
network, Two methods, master-slave and independent clock, and their
aPP~ ications are described in appendix F.

5
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4 .1.1.2 External timinq.
synchronization, if not
c,iytained from a~ external

MI L-ST9-1218-115

UTC (USNO) reference sources for timing and

~,

available from within the network, shall be
source whose timina is traceable to the master

clock of the USNO (see appendix 1), in acco~dance with FED- STD-1OO2 and
00DD 5160.5. When external timing references are to be used as the
primary means of timing for a network: the accuracy, the coverage, and
the reliability of the overall (reference and acquisition) system’ should
he specified.

4 .1.1.3 Communications overhead for timino. In a multichannel network,
cormnunicatlons overhead for achieving correct frame synchronization in
co~tinuously oper.?ting individtisl links, including all synchronization
codes or time markers, shal 1 not exceed two percent of the total
communications capacity of any 1 ink. When the link is part of a digital
communications network, the overhead req~i rements f~r the network
synchronization sfiall be includec in this same two percent of
c9mmu~ic3: ions capacity,.

:.1,? 7ime-deoendent networks . Communications networks requiring ?11
elements of the network to be time-synchronized shall use .3S a common
reference either LJ?C or whatever station is serving as master. Where a
naster reference is empioyec, its timing shall be referenced to UTC
!USNO! to maxim’ize the availability of qualified referenced sources (see
a~gendix F!. The nmles en~ the nstwork shal ! be protected from the
possible failure of ihe dissemination system(s) by a capability for
independent time maintenance or sei f-organization or both Of the i
network. !n acal:ion tc an UTC traceable time reference, alternate means ,,

of initial clock setting or synchronization should be provided.
Meintencnce of time accuracy after the initial setting and between
updates shall he by continuous o?eratioc of the nodal clock(s) and
maintenance of frequency (rate) accuracy. When updating or rate
correction is needed to maintain the reaui red accuracy, all
:OmmUfliCations Sys:ems requirinq wecise time shall , when available. use
:iming trace .abi= to JiC (uSNO).

4.! .2.] Time ambiauitv. For the
minimum period of time ambiguity
communications network should be one

purpose of transferring time, the
for any transmission links in a
minute.

4.2 Links.

4 .2.1 Timing and synchronization. This section applies only to paths
employin~ isocnronous Signals where the spacing between individual
characters Or frames are fixed. A? 1 point-to-point diaital
cormnunicetions gaths should either be provided with a timing capab{l ity
making them Compatible with di~it~l co~uni~ations networks or have the
capability for convenient upgraii”g to satisfy such a requirement.

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

6
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4.2 .1.1 Synchronization of receivers. Receivers shall be synchronized
to the unit interval of the received sigfiel by deriving timing
information from the re:eived mission bit stream unless there is a
demonstrated need for a special capability provfded by using a
synchronization signal outside the mission bit stream. All receiving
equipments shal 1 b? provided with the capability to synchronize to a
local timing reference, or provide an error signal to a subservient
clock for she purpose of synchronizing the subservient clock tc tb?
timing of the receiv?d signal . Equipment should be designed or selected
to assure that synchronization can be directly achieved without the use
Of extended searches Or prolonged sequences of search operations, for
exampl e frequency sweepi ng. An out-of-synchronization signel shal 1 be
provided by all equipments when they are not correctly synchronized.
This does not restrict the use of automatic gain control signals or
other types of signal processing.

4 .2.1.2 Frame synchronization O* receivers. Frame synchronization
shall be provided by periodically inserting a frame synchronization
Signal or code into the transmitted data stream or as an alternative
using a seoarate timing path. The preferred method is by insertion intO
the data stream,

‘4.2.1.3 Re-,?cauisition of frame synchronization. Re-acquisition of
frame synchronization sh?l 1 be accompl ished without extended searches
for framing errors that do not exceed four data unit intervals.
Recejving eouipms!nt (including demultiplexing and decrypting eauipment)
snould be desig~ed so that wnenever a framing error does not exceed four
data unit intervals, the needed correction can be determined directly
and automatically withou: a search mode. The number of data unit
intervals should be increased to where it IS virtually unnecessary tc
use a search mode after the initial acquisition when the equipnent is
first placed in operation.

4.3 Ikodes. Major consnunications facilities frequently host a number of
colocated. nodes having precise time or frequency requirements. At such
sites, the establishment “of a precise time and frequency 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 {t might
serve. The standardized interface de~~ribed in 4.3.1.4 shall be provided
by the reference.

4 .3.1 Timin@ and synchronization. All timing generated within a node
shall be derived from its principal clock. to maintain a known phase and
freauenCy relationship and shall be dist~ibuted to al] locations where
timin~ ?Unctions occur within the nod~. Tir,ing from a maj’cr 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 shall also have the capabil ity to operate in a free-running mode.

7
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4.3. 1.1 clocks. Nodal clocks fall into one of four categories:
principal~s, alternate (backup) clocks, subservient clocks and
other clocks. All principal and alternate clocks shall be capable Of
opera tinrj 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 (variable storage buffers), shall
allow slip-free operation. Clocks shall not require resynchron{zation
in the free-running mode when used at all major communicat{ans
facilities employing continuous mission bit streams for a 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 shal 1 be referenced to th{s principal
clock.

NOTE : The principal clock can be either a single clock or an ensemble
of clocks providing 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 princ~pal clock in a manner to minimize
timing errors or other disturbances when switching from the principal to
the alternate clock(s). ‘#hen available, the sources of reference for a
node’s al ternate clock when it becomes the principal clock shall be the
same as those for its principal clock (see appendix J).

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

4.3. 1.1.3 Subservient clocks. For those appl ications where a
controlled (variable) timing offset relative to the principal clock or
an alternate clock is required, a subservient clock may be. used. Each
subservient clock shall have the capability to advance or retard its
timing relative to the principal clock i“ response to a control signal .
If the reference from which the control signal is derived should be
lost, the subservient clock shall he capable of retaining the best
estimate of the required timing offset. A subservient clock, upon loss
of the control stgnal from the receiver, shall be mesochronous to its
associated principal clock or its al ternate. This permits the
subservient clock to use the lo”q term stability of the principal clock.

4.3.1 .1.4 Other clocks. All other clocks within a communications node
shall derive their timing from the principal clock, its alternate, of a
subservient clock.

8
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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 a f?ee-running period.

NOTE: Fa- lcn3 haul communications, durin~ a controlled period of
opera: $on. (e.g. , w?ile referenced to Li?C) tbe averege frequency should
be maintained accurate with respect to the UTC reference so that no
buffer resetting is required due to clock error (see 5.2.4).

4 .3.1.1.6 Freouencv stability. AS required by the communications
timing system the frequency stability of the princ iPal clock should be
adeouatp to support all timing requirements at the node. For burst and
other i~termittent communications, the frequency stability of the
principal clock shall be adequate for satisfactory measurement of
elapsed :.ime he:wsen the most infrequent clock updatings.

4.~.’..l.7 .Qtijustment !con:rol \ . Clocks usec as a frequency or timing
reference for the communications eouipwn: a: any particular facility
shall have the capability to have their output adjusted. Where cesium,
r,J5id:um or high quality quartz oscillators are U5ed aS Princ iPal
clocks, The c?p?ni!ity s?all be provided for precise adjustment of the
clock’s OU:PU: wi:hou: d:sturolng the clock itself. The size of the
adjustment shal! be made available for use in determining the clock’s
f,.liureadjustments. shoulr! th? clock. be olaced i~to a free-running mode.

L..>.I. I.P, Lim<t cvcle. Nonl inear clock control functions that can
result in any typs 0! limit cycle for tne clock frequency (phase) St,all
no; De emel oyec.

4 .3.1.2 Local reference frequencies. Uhen local reference frequencies
ether Lhan the Standdrd C1OCI. frequencies are required for timing in any
$a:il ity referenced to a princioal clock, those frequencies sha~~ be
derived from the pr~ncipal clock (or its alternate) (see 5.2.1). Only
local frequency sources wit~, outputs coherent with the reference input
shall be used to satisfy this requirement.

4 .3.1,3 Oata buffers. Data buffers shall be placed in all received bit
streams of major nodes of a switched digital communications network.
These buffers shall have a sufficiently large capacity to meet the
requirements of 4.3. I.I when operating with the node’s principal clock
ir, a free -:un:,iag at <n<eptir,d*nt made.

4 .3.1.4 Nodal distribution of timino. All systems within a node shall
derive tfieir timing from the principal clock at that node. Al 1 nodal
principal and al ter”dtp Cl CICKS i“ multichannel switched networks shall
be capable of synchronizing to an external signal . Timing from the
nodai principal CIOCk shall be distributed throughout the node. The
timin9 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

9
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wave at the required rate. when the output WaVefOrIII is a sine wave ‘t f.

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 appl icable vol tage and waves haping requirements of
MI L-STD-188- 114.

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

Flectromaone:ic com~atabil it-v (E!4C)/electromagnetic interference

& Timing and synchronization subsystems shali compiy wi th the
requirements of MI L- ST9-461.

NOTE : Additional information may be found in MI L- STO-462, MI L-HOBK-235,
MI L-HDIIK-237 , MI L-HDBK-241 , and MI L- HDBK-253.

I
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5 DETAILED REQUIFSEMENTS

5.1 Networks.

5 .1.1 Timinq and synchronization. All principal and alternate clocks
of a communications system shal 1 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 Lono haul network timing. Network timing within the digital
Defense Communications System (DCSI will be referenced to UTC via clock
systems using external reference at major nodes and referencing minor
nodes to major nodes (see appendix H). The long haul system shall use
internal timing references that are coordinated with UTC (USNO) when
available.

5. I.I.2 Tactical network timinc. Network timing for tactical switched
digital communications networks shall be capable of using the
independent clock technique for timin? between major nodes of the
network. Provisions shall be made for a node to derive timing from the
modulation on a signal receivec! from another node. However, every node
sh?ll be capable of opera:io” “~irg ~ fre~-r,,nning ~lo~k. Major nccies
with continuous mission bjt streams shal 1 have sufficient buffering
capability and clock s~abiiity ;0 assure slip-free operation for at
least 24 hours in a f~ee-runoinq mnde. The long term phase stability “ ‘
the principal clocks shall be sufficient to ensure that when opera ti:,~
inde~endently, timing is mainia~ned betws+!n receiveti and trsnsm~ttsd
signals within *25 percent of the data unit interval for periods net
less than 24 consecutive hours.

NOTZ 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 c:
time period, expected to be less than 24 consecutive hours for this tyoe
of equipment, is under consideration.

5.1. i.> Gutputs from timino reference sources. Ourputs from timing
reference sources shall meet the following:

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

(b. ) The harmonic distortion for sine wave signals shall be at
least 40 decibels (dB) below the rated output levels. The level of ar’t
signal component not a harmonic of the signal frequency shall be i.”:
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 provic!e one Pulse-per-second UTC with a pulse width of 20
mic~oseconds *5 percent. The rise time shall be ““less than 20
nanoseconds and the fall time shall he less
oulse amol itucle
volt. This is
STD-llOU-~41.

should be between 10 volts
illustrated in figure 1 and

than one microsecond. The
tl~ Percent and O volts fl
is in accordance with Do5-

RISE TIME
s20 NANOSECONDS

q.— _ _

I

I

FALL TIME
<1 MICROSECOND

F

IT
I

I

-1 PULSE
h’IOTH M

PULSE U1OTH 20 MICROSECONDS ~ 5 PERCENT

FIGURE 1. One OUI se-per-second timino sional.

~.i-~ Time -deoendefi: networks . Networks shall not be made continuously
dependent upon external time-dissemination services. The capability
shall be provided for each node to con!jnue network ooeration after loss
of ?11 erternal dissemination service. Some degradation of capabilities
after dissemination-service 10SS Or failure may be acceptable; however,
an alternative timing capabil ity should be provided within the nodes or
network.

I
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> 5 .1.2.1 N@twork time. Princtpal and altmmte clocks shall have the
ability to maintain network time fr~ a &signated internal sOurCe(S)

when all external timing references are lost. Networks requiring .
independent maintenance of accurate time at the nodal level shall emu]oy
nodal clocks or ensembl es capable of mzrfrrtz~ng ~twmrk time after ~us!s
of al 1 external references.

s.1.~.z Initial ~~t:ino and mafntenan~e of time. Provisions shall be
made at eacn nose for initially setclng the noda~ clock. Sut?seqmm
network interaction shall allow for additional time updates. Nodes that
are intermittently connected to net-rks shall cmntain a clock of
sufficient rate accuracy so that after initial setting and after
quiescent periods (in a free-running mode, see 4.3.1.1!. tie clod
remains wi thin system tolerances suck th~t the ~ can stil } trmsait
and receive information.

5. I .2.3 Time- dependent ~~rk clO=k out~ts. Clocks (or clock
systems ) for time-dependent networks shall provide :he fmllowing
outputs:

(a. ) The output frequency provided shall be im accordance with
I 5.2.1.

(b. ) The harmonic distorticsn fur sine ueve ot4tPutS Shall be at
least 40 dE be?oh’ the required out- levels. The level c: any signel
comoonent not a ha,nnonic of the outDut reference shall be ai leas: 5C d9
below the requireC output level .

(c. ) Nod?l clocks sisal1 provide a one pulse-per-secund IJTC as shown
in figure 1.

(d. ) A binary coded d~imal (SCD) refere~e signaI shall prov+de
UTC TOO in hours , minutes and seconds. The leading! edge of the 9C0 code
(negati Ve gOiflg transitions after extended high level) shall COiflCide
with the on-time (positive going tramitiom) edge of the one pul se-per-
second signal to within ~1 millisecond (msec). Provisions shall be made
for leap second adjustment. The time code shall be a 24 bit serial bit
stream using ~nternational telegraph alphabet number 2 (ITA-?) code.
Tbe hit rate shall be ? mirimum of 59 bits Xr secaw!. P$se and fall
times shall be in accordance with MI L-STO-188-I!4. The time WOd $.tafis
with the most significant digit, (This time word provides TOO
information, hours, minutes and seconds to mithin 1 msec) (see fi9ure 2) .

NOTE: For additional information, refer to CSufS-5TiJ-1399!W1.
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RATE : 50 BIT ?ER sECOdD
BIT PULSE U1OTH: 20 msec

EXAMPLE: SELECTEO TINE 1S 12:34:56

20
I! SEC

d

LEvELI
HELO
HI I

LLLH LLHL LLHH LMLL
8421 8421 8421 8421
—~ --

. 1 2 3 4

HOURS MINuTES

)i. +6 Ydc*l V
L=- 6V dc t IV

1 -

uKTILI
.::ART e, 6, z 1 a,a 2 1 ,8,4 1. q $::!

2,1 8 4 2 ,1,0 4: 1 6!4,21OF
“{NEXT

:OOE-[

1 i-l .
I Ij !J%:” ,UORO

I ! :

I ‘1

fIGURE Z. 24 bit BCO tfti code.
-.

(e. ) In addition to subparagraph (d. ) the 24 b-~ ?09 2:3 t~m- code
may be innnediately followed by l? bits (three decimal digits) de:-u,-ibing
the clay of the year (DOY) in hundreds, tens, and untis of oays !i~ that
order) and followed by a high level held until the start of (he next
codeword. This results in a 36 bit BC~ codeword.

(f. ) As an alternative or in addition to subparagraph (e. ) above,
t;!c 6CG reierence signdi may De :mecla:e!y fol lowed by a four bits (one
decimal digit) describing a figure of merit (FOP,) of the time signal and
irrsnediate!y thereafter foll~wed by a hi~fi level heirJ until the start of
:he next iodewor~. This results -in either a 28 bit or do bit 3CD
‘;~eword. The meanings of the FOM digits are provided in the table I.

14
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TABLE 1. FOM character meanings.

BCO Character Meaning

all bfts high No information
9 Greater than 10 ms of fault
8 1-10 ms
7 100 us - 1 ms
6 10 us - 100 us
5 lUS-IOUS
4 100 ns - I us

10 ns - 100 ns
: lns-10ns
1 better than 1 ns
o proper/nominal operation

5.2 Nodes. Principal and alternate clocks shall be provided to the
node in accordance with 5.’. 1 through 5.2.6. Waveform characteristics
of all local frquency sources within the nodes in addition to the
principal and alternate clocks are dealt with in 5.2.7 through 5.2.1O.

5.2.1 Freouencv outout. The frequency of the nodal pri nci pal c1 ock
shall be 1 Pleganertz (Mtf:), 5 MHZ, or (5xzN) MHz where N is an inte9er
greater than zero; the preferred frequency being 5 MHz. For nodes
requiring accurate time or for those nodes that will at some future date
require 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 klavefonn outout. The clock output waveform shall be either a
sine wave or square wave, the preferred waveform being a sine Wave fO~, .
When the output waveform is a sine wave it shall be in accordance with
5.~.l-3. Uhen the output wavefocm is a square wave, it shall be in
accordance with appl icable VOI tage and wave shaping requirements of MI L-
STO-1S8-114.

5.2.3 Freauency stability. The stability of both princi Pal and
al ternate clocks at major nodes should correspond to the fractional
frequency fluctuation (square root Cf the two sample nr Al Ian variance!
values shown in table II.

TABLE 11. The fractional freouency fluctuation for both
princioa) and alternate clocks at mejor nodes.

~
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5.2.4 Frequency accuracy and drift. As a minimum, a cesium beam
principal or alternate clock shall have a frequency accuracy of at least
5 x 10-11 (with a design objective of 3 x 10-ll!. All principal and
alternate clocks shall have a drift rate not exceeding 1 x 10-11 per day
(with a design objective of 1 x 10-11, lifetime). This frequency drift
includes the nonstatistical drift in frequency caused !sy the aging of
resonance control devices.

5.2.5 Warm uo characteristics. Uhen Drinci pal and alternate clocks are
turned on initially or after power off periods of at least ?a hours, the
frequency reference shall be within 5 x 109 of the final frequency after
an clasped time of 15 minutes.

5.2.6 Nettability. Long haul systems shall and t~ctical systems should
provide the means to set the frerwency and time of each no?es principal
and alternate clocks to UTC when available.

5 .2.7 Clocking sianal DS’?iOd. A clockinq sianal period or cycie shell
consist of one half-cycle of positive polarity (smse) and one half-
cycle of negative polarity (sense). The duty cycle shall he 50 percent,
*1 percent (see note) .

NOTE : In the binary sense, each clockin~ sipnal oeriod or cycle is
conmosed of two clock signal unit intervals and i? follows that a C1OC?
siqna~inq rate c: 30 Hz is a clock modulation rate of 1!72 baud (EM:.

..
t

5.2.8 Phase relationship between clock and data sianals. Subparagraphs
5.z.g.I through 5.2. S.5 shall aoply to all interconnected diaftal

devices operated at baseband.

5 .2.8.1 Oirect clock control. In a direct clock control timin~
subsystem only one of the CIOC4S at the two ends of a com!!unications
link shall be permitted to he adjusted. to reduce timing differences
between the clocks (see note 1) . All data sionai transitions emitted +Y
a source under direct control of an external clocking signal sbal 1 occur
on (be caused by) the negative to oositive 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, hut in no
case shall th+s delay exceed !2.5 percent cf the 5ti7a:io3 of the data
unit interval . For each equipment, once this delay is fixed in
hardware, the delay shall be consistent wit5in fl Dercent of the data
unit interval for each clocking signal transition. These delay 1imits
sh.ili apply directly at the data source interface (see figure 3).

NOTE 1: This property allows closed 100ps :0 be avoided, i.e. , it makes
it possible to assure that a change in a CIOCk cennot r:sult in a signal
passing around a closed path to influence the same clock again.
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I L

n= A = DATA UNIT INTERVAL

DATA OLTPUT M AC - ACTUAL CENTER

DATA tl - !40DULAT1C~ ~ +TE
SOURCE (SEE 5.3.5.1)

CLOCK INPUT 2P! TC - TNEOP.HICAL CENTER

I CLOCK I

& ‘NIT+,
, IhYERVAL ,

+c. -

CLOCK

SIGNAL O

-Vc — > -E:

~ CLOCK ‘PxR1OD ~
I !

I I 1!
I

I
I

VALUE OF I I I I
“3” NOT KAXINUSI OF fl: OF “B”

MORE THAX DELAY 1, I ,[ (NOT TO SCALE)

12.52 OF “A” I B & TC I Iqp +AC I
Ac

It\. Ill
+V --1--- .

d, il I I \ \--
!).4TA 1
SIGNAL O :

:1 I II I *
II I II

I ~-l I
I

-Vd ~, + T

~A A-

THE
AXIS

FIGURE 3. Phase relationship between clocking and data signals for
direct clock control
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El=
DATA OLiPET K

DA7A
INTERh’/& CLOCK OIJiPL”f 2Ff M - ?lODIJLATION RATE

SOURCE (SEE 5.3.5.1)
5XTEKNAL CLOCK IhTUT W

“x” m!’ BE 4, 6, 8, 10. ..ETC.

‘;EERf_..._mnLn“ A

INT.
CLOCK “c-- ~ _ . l~! ‘“
SIc::u @

I

-Vc -1 i I u—””” ‘--

+~ ; & Y-WLW. OF .1: OF “A” (NOT TO SCALE)

FiGURi ~. Ph.?se relationship between cl”ockinc and data Siptals
lnd~-ec? CICC!. control
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(

DATA INPUT M

M - PIODUMTION RATE

‘a’.’

DATA

(SEE 5.3.5.1) S INK

CLOCK INPUT 2M ,., ., ,.
.

., .”::. ...! ;

,,-

+Vc -—

~

, . . .
CLOCK

SICNG @

1

TIUE
AXIS

-v=
!

Ill

I

‘i’

11! ‘i{
-+ i * Y~’’f4, !~

Ill (NOT TO SCALE)

Iil ““ .“ i 1:1

1’
I

I

+Vd —— i
DATA I
SIGNAL O

I . TIME
1

I
AKIs

-Vd
iA

I DATA IJKIT INTERVAL I

~,+)A~ A +

FIGURE 5. Phase relationship between clockino and data sianals for Samplin$
of dara (olrect clock conirol ).
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5.2.8.5 Start-stop siqnals. For synchronous devices transmitting f
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 tl percent of the data unit interval
(see note 1). For start-stop devices using internal, low stability
sampl ing sources , incoming data signals shall be sampled within f12.5
percent of the data unit interval , measured at the actual center of the
data unit interval (see figure 3). Any distortion caused by this
sampl ing method shall not be pessed onto an output interface !see note
~). The data signal shal 1 be regenerated before it is retransmitted.

NOTE 1: This mode is also referred to as isochronous operation.

NOTE 2: This mode is also referred to as asynchronous operation.

5.?. ? Locai freouenc.v source OULDU? rate. Local frequency sources used
for bit rate control in mui:ichannel switched systems shall be capable
of p?ovi<in~. as required by the equipment supported, one or mo?e of the
following output frequencies coherent with the nodal clock: (a .) 8000~
Hz where N can be any integer from 1 to 200C; (b. ) 75 multiplied by 2
Hz wnere n can be any integer from O to !; (c. ) 4000 Hz; (d. ) 2000 H?;
and (e. ) 50 Hz. For systems in which the 10C?1 frequency source output
is to be used with the one pulse-per-second nodal clock output, a
posltlve-going transition cf the clocking signal shall coincide wltn the
on-time (positive-going transition) 0? the one pulse-per-second nodal
clock OC:Pllt.

5.2.1 C Local f~eauencv source outout wave fomo. The output waveform of
local frequency sources used for bit rate control shall be either a sine
wave or a square wave. Uhen 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, it shall be in accordance with applicable voltage and wave
shaping requirements of MI L- ST O-188-114. The output Wave fOrm Of 10Cal
freouency sources , not used for bit rate control , is left to the SY5tem
designer.

22

Downloaded from http://www.everyspec.com



I

MI L-STD-188-115

APPENDIX A

MEMDRANLIUM FROM THE ASSISTANT SECRETARY
C: DEFENSE FOR RESEARCH AND ENGINEERING

i6 AUGUST 19S3
SUBJECT: MANOATORY USE OF MILITARY TELECOMMUNICATIONS STANDARDS

ItiTHE MI L- STD-18E SERIES

This appendix contains information related to MI L- STO-188-115. Append ix

I
A is a mandatory part of this standard.

A-23

Downloaded from http://www.everyspec.com



THE UNDER SECRETARY OF OEFENSE

WASHINGTON.• .C renal

mCSf.Af4CM●MO
ENGINCEfllNG

EORAHDUM FOR MSIST~~T SECRST.IRYOF THS
FINANCIAL. I’MNAGEFs!4T)

16 AUG 19&3

PM ( INSTALLATIONS, LOGiSTICS &

ASSISTANT SZCRKT,4RY OF THE !+AVY (sHIPBUILDING h LOGISTICS)
A.SSISTAHT SECRETARY OF TSE AIR FORCE ( F.EsEARCH DEVSLOPl@NT

& LOGLSTZCi)
CCNY-ANDANT OF THE H.ARIN’E C3RPS
DIREcTOR, OEFENSE COWHICATIONS AGENCY
OIRECTOR, NATIONAL SECURITY AGENC7

su3”’zm: Yandatoq U.Ia of HIM:a~ Telccoqunlcst:ons Standards irl the
HZL-.STO-IES series

*. ..sund3rda as a general mie are now cited a> ‘approved Cor UJ. I rat.har
than” ‘mandatory far use, in the Oepart=cnc of De fe”sa.

~is de farenca to the Judgmant of tsa designing and procuring agancias is-
cleariy apprapria:a to atidards dealing with process, camponont ruggedness
and raliabi Iity, patit ffnishes, ●-d the like. It 1S clearly not appropriate
to standards such as thosa in the HXL-STD. 188 series which addrass talec Ommni -
cation deai&n pammeters. The$e influence the funaticmal Lntagrity of telec5=-
aunication system and their abi Ii,ty to effici.?”cly incar~perate with oC5e?
functionally slmilzr Government and commercial xyatema. Tlerefare, rnlevanc
milita~ standards in the 188 series ..IIL1continua co be p~ndatary for u94
wit5Ln the Departmnt of Defense.

~o Qinimiza :ha pmbnbility of mizappllcaclon or these acandar~s, 1: La
Lncunbsnc u?an tti. d.?v.lap.?z of tha ,WL4TD-!88 z.riea to L“sure that each
s:andard is not only essential but of u“ifornly high quality, clear and concise
as to application, and wharaver possible compatible vith existing or proposed
mtiaml, lntermciaml and Federal telecommunication standardz. It is also

Lnc,umb. nt upon t.ha users of these. standards to cita ir. their procurement sPeci.”i -
Cations 0n~3 thosa st-a”dards which are clearly necessary CO the proper function~ng
.af c.he device ar syst.su!a ever its projecced lifetlzIO. -

fiis statement has been reviewed by this office and continues to be :ho
Dolfcy of t~a Department of Defense. /7
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APPENDIX B

~
DEFINITION OF TERHS USEO IN HiL-STO-lB8-115

1 This appendix contains general
115.

information in support of MI L-STD-188-
Appendix B is not a mandatory part of this standard.
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10 G[NERAL

10.1 Scope. This appendix contains definitions of terms used in this
document that are not defined in FEO-STD-1O37.

20

Not

39

Yot

40

R~~ERE~c~o oCjcuMENTs

applicable.

DEFINITIONS

applicable.

GENE2AL REQUIREMENTS

Accuracy - Generally equivalent to the systematic uncertainty of d
measured value relative to the true value (see random clock errors, time
measurement tolerance).

.Ag$ng - The process whereby a frequency determining element (such as a
quar:~ ~ry~tal or a ru5;41um cell) changes its frequency determining
properties as z function O: its age (not purely a :ime function but
related to its environmental history) . For example, a quartz crystal
with e freouency of 100 kH: ma-v 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 should fail or some other contingency should arise.
The term is used interchangeably with the tersn “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 5 minutes could be
indicating that time for either A.M. or P.M. or for any day. Further
information is required to remove the ambiguity if it causes anY
pmbiems. in u system where the additional information is already
available, it is not necessary for it to be supplied by the clock (See
time ambiguity).

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

Closed loop-noise bandwidth . The integral , over all frequencies. Of the
absolute value of the closed loop transfer function of a phase lock
loop. The closed lcop-noise bandwidth when multipl ied by the noise
spectral density gives the output noise in a phase locked 100P.

8-26

Downloaded from http://www.everyspec.com



MI L- STD-188-115

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 10c F. loop locks to a frequency
other than the correct frequency.

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

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

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

Hold-in frequency ran e . Maximum rate of change of frequency between
the local oscillator ?or clock) and the reference frequency of a phase
lock loop for which the local oscillator (or clock) will slowly change
frequency in a direction which will reduce the frequency difference and,
if no: interrupted will eventual ly reach the lock-in frequency and
achieve phase lock.

Improveti time reference distribution - A time reference distribution
techn$que empl oyi ng independence of C] ock error measurement and
correct iofi, and also permitting the time reference information for each
node to be derived from a near optimum weight average of several paths
between that node and the master node while still avoiding all closed
loops.

Independence 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 between nodes are made large enough to acconsnodate
smel 1 time (ph?se) departures among the nodal clocks that control
transmission. Traffic is occasionally interrupted to reset the buffers.

Information - The meaning assigned to data by known conventions.
. . ..

Internal timing references - A timing reference obtained from within the
communications System.

8-27
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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
(stabie) or from which it recedes (unstable) for all sufficiently close
initial states.

local clock - A clock located in close prox~mity to a particular
communications station, node, or other facility with which it is
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 variations rather than their magnitude) between 3 micro hertz
and 3 mill ihert,z (period between 5.6 minutes dnd 3.86 days).

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

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

Major node - In a ;iming syszem for a communications network. a node \
which is connected to three or more other msjor nodes , or one wkich is
designated a major node because of its unique location or function (see
minor node) .

Minor node - A node which is not desi~nated as a major node. F,inor
nodes are normal 1y connected to no more than two or three other nodes
(see major node).

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

Nominal value - An assigned, speci fied or intended value of any quantity
w!th uncertainty in its actual realization.

Offset - An intentional difference between the real ized value and the
nominal value.

Offset frequency - The amount by which an available frequencY is
intentional ly offset from its nominal frequency. In the case of U.S.
television networks, the offset is about 3000 parts in 10~1.

Overall accuracy - The total uncertainty comprising both systematic and
random parts (see accuracy, random clock errors).

B-29
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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 shi ft to frequency
over the frequency range requi red for transmission.

Phase instability - Ph,?se instability is expressed by the phase change
within a given time interval.

Phase micros tepper - A device which generates (in response to a digital
control signal ) subnanosscond (or picosecond) adjustments to the phase
of .s reference input signal . This can be accompl ished either through
regular phase progression (nanoseconds/second) for frequency corrections
or by ~ndiviauel phase steps (nanoseconds).

Phase reference combining - A characteristic by which improved time
reference distribution differs from other time reference distribution
techniques. It stat istical~ y combines references from di fferent paths
for improved accuracy and stability.

PU1 1-in frequency range - Maximum frequency d; fference between the local
oscillator (or C1OCKI and the reference freauency of a phase lock 100P
=~~ which the local oscillator will SIOJIY change frequency in a
direction which Ivill reduce the fre~uency difference and. if not
inter rup~ed, will eventual 1y reach the lock-in frequency and achieve
phase lock.

Quartz ciock - A clock containing a quartz oscillator wtich determines
the precision of the clock for the measurement of time intervals (Sf!e
quartz oscillator).

Quartz oscil later - 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 appl ications
including atomic standards.

Random clock errors - Clock noi se. 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 oscil later through a
frequency lock loop. Because it is dependent on gas mixture and
pressure in the cell , it must be calibrated. [t has a drift typically
100 times less than the best quartz standard (see quartz oscillator).

Sampi ing - 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
calibration.

Signal transition - A change from one signaling condition to another;
for exemple, the chenge from positive to negative, mark to space, one to
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 in widely
separated pieces of eauigment. The oartic,Jlar Inc.ations shoul! bc
identified when the term is used (see time delay).

Singie ended - In a timing subsystem, the nodes at the two ends of a i,

link do not exchznge timing in fonnztion with one acother for the purpose
of detemnining 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. , a
single frequency with a minimum of sideband noise power.

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

stab+. ] i:y T!IC term is Osed inter~hdogeabl y with “instanii ity” fOr
specifying the frequency or phase variations of oscillators and clocks.

Standard frequency - A frequency with a known relationship p 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 fol low variations in the phase of a received
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signal due to changing parameters in the propagation path while stfll
maintaining a phase tolerance relationship to the nodal clock (see
alternate clock).

Subservient oscillator - The difference between a subservient oscillator
and a subservient clock is that the subservient oscillator does not have
to identjfy particular cycles or particular time interval markers, i.e. ,
it is only a source of frequency or phase modulo one CyCle. The
subservient oscillator is therefore somewhat less axnplex than a
subservient clock.. For many communications appl ications, either would
satisfy the requirement. Some appl ications require” a clock ‘(see
subservient clock).

Sweep acqui sition - A technique whereby the frequeISCy Of the local
“oscillator is siowl y swept pzst the reference frequency in order to
assure that the pull-in range is reached (see pull-in frequency range).

Synchronous signals - Two signals are synchronous if their corresponding
signi ficant instants have a desired phase relationship (in a strict
sense, if they occur simultaneously). The word synchronous describes a
relationship between trfo or M re things and cannot describe
characteristics of a single signal :

Time ambiguity - P. situation where more than one different time or time
measurement can be obtaine< under the state:’ condi tions.

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

Time division analog switching - Analog switching with consnon time-
divided paths for simultaneous calls .

Time division digital switching - Digital switch’ng with common .’time-
divided paths for simultaneous calls.

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

Time marker - A reference signal , often repeated periodically, enabl ing
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 JCti On 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 fol low.

Timino signai - A signs; used :0 aid the ~y,nchrocizatio n of
inter~onnected equi~ent.

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

Transit time - The time required for a signal to travel from one Point
to another. Sometimes it is also called propagation time delay.
Propagation time delay might refer to time required for a signal to
travel between specific locdtions within the same piece of equipnent 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). 1

Uniform time scaie - A uniform time scale is one that uses equal
intervals for its successive scale int.6rvals, 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 temporarily y stored for purposes of correcti ng its timing. The
signal is usually written into the buffer by one clock having incorrect
timing and read out of the buffer by a di fferent clock having correct
(or nearly correct] timing. They are also caI led elastic buffers or
simple buffers.

Voltage controlled oscillators - An oscil later whose frequency is a
function of an input signal voltage.

Harm-up characteristics - The character sties that need to be met when
the output vol tage or current, has reached an equilibrium value after
power turn on.
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APPEND!: C

LIST D? ABBREVIATIONS AND ACRONYMS USEO IN MI L- STD-188-115

This atwndix conta; ns general information in support of MIL-STD-18S-
115. Apoendix C is not a mandatory part of this standard.
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10 GENERAL

Th{s appendix contains a llst of abbreviations and
~~~~nyns%%%in this document that are not defined in FED-ST’D-1037.

20

Not

30

Not

40

CN[

REFERENCE DOCUMENTS

applicable.

DEFINITIONS

applicable.

GENERAL REQUIREMENTS

Communications. Nfiviqation and Identification
0000 Department of De fens; Oirective
0001 Ss Department of Oefense Index of Specifications

Standards
DoO-STO Department of Oefense Standard
FED-STO Federal Standard
FDM Figure of merit
ITA International Telegraph ..Alphabet

and

MIL-STO Military Standard
ms Millisecond (10-3 seconds)
NAVSTAR-GPS. - Navigation Satellite Timing and Rang~~g-Gl Obal

Positioning System
SLHC .- Standard izat{on of Long Haul Communicatloris

(Standard izatlori Ari?a),, ‘.
TBO To be deterininid
TCTS Tactical communications System Technical Standards

(Standardization Area)
TOO Time-o f-Oay
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APPENDIX D

DERIVATION OF SUFFER 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 ~urpose. The purpose of this appendfx
determine the buffer storage capacity as d
variations resulting from clock instabilities.

is ,to derive an equation to
function of the frequency

10. ? Scooe. This appendix is a tutorial on how to derive buffer SiZe S
for independent clocks.

20 REF:RENCEO DOCUMENTS

Not applicable.

For purposes of this appendix, the definitions of FZD-STD-1037 and those
found ~n appendix B shall apply.

40 fjENERA~ REQ(JIR~M~N~S

40.1 Relationship between tlmino errors and freauencv di fferences. The
first case is a step (or constant) freouency di fference that exists
between two independent f~eouenc-v sources for some stipulated time
duration es de~icted below.

,-
!

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

LT =TZ-T1, (1)

AfATZM
?0 (f o+ Afl.

(2)

(3)

(4)

!f ~tabi]i~y (S) j~ defined ~~ the ~a::o of the maximum frequency chan~e

J f to the initiel frequency f. during some given time duration To = T2,
then

s=++,

fo

and

~S=T2S=ToSAl=m
0

(5)

(6)

Equations (4) and (6) identify the timing error resulting when a SteP
freauency di fference exists between two independent SourCeS fOr a time
period, T. This represents the worst case and in general would not be a
reasonable assumption. The approach employed above will now be expanded
to obtain a generel expression that niay be applied to any form of
oscillator frequent.v di fference. This can be accompl ished by
considering the time dependence of the frequency to comprise frequency
ramp segments as shown in figure 0-8.
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I .
The timing error associated with each subsegment Is then readily
identified by making use of the previous derivation for J step frequency
change and considering each frequency ramp segment tO COmPrise a grOUP
of constant step frequency changes as shown in ff9ure D-9. Applying
equation (4 ) to each subsegment then resul ts in

‘1 AfsT=_
z ~v,

(2N-1) T
AT = +(+).N

(7)

[9)

(9)

And the total timing error is simply the sum of the error produced in
each subsegment.

‘iT~= CT
1

+~?+ -----
2 .*LTN \

[10)

ATT1 - ~ -(+) [1 + 3 + 5 ----- + (2 N-1)] .
(Ll)

The bracketed term on the right sfde of equat!on (11) Is a simole
arithmetic progression whose sum may be expressed in closed form as

S = ~ [2a + (N-l)d] , (12)

where U = number of terms

anti

a = first term
d = conunon difference

we have

S=N2,

. .

[13)

.
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T1N2

‘TT] = ~ (~ . (14)

‘TT1 would be positive or negative (i.e., the timing error would be
edvanced or retarded) depending on the sign of the instantaneous
fre~uency difference relative to the reference frequency fo.

A similar analysis applied to segment two would yield

.
T2N’

LT. = — (+) s1? ?

cr in general
TiN2

‘TTi ‘ ~
(+).

Hence the total timing error over m frequency se?ments is given by

where ATT = 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.

!15)

[16!

(17) {“-

Equation (17) may be applied to any anticipated or known” oscillator
frequency change to determine the timing errors introduced.
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40.2 Derivation of the total error e~uation. ‘dhen the frequency change
or difference can be expressed as an integrable function, it is possible
to derive a closed form equation which quantitatively establ ishes the
time error associated with the frequency verfation.

Equation (4) indicates that the timing error for a stipulated time
interval A T is related to the frequency difference between two clocks
as follows

(18)

(19)

This corresponds to the existence of a constant frequency difference

during time interval L T. The total error is obtained by taking the
sum of all incremental errors which occur during time interval oT.
Taking the limit of this sum as “the time increment approaches zero

which from the fundamental theorem of integral calculus becomes

where f - f. =
interval AT .
error associated
difference f?.

(21)

fd, the frequency variation which occurs during time
The above equation can be us@d to fdentf fy the timing
with any continuous] y varying and integrable frequency
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40.2.1 Derivation of a closed form error equation for a step frequency

di fference.

f4

I I

FIGURE D-id. Step freauency difference

60.2,2 Derivation of a ~]osed form eeror eguation for a ram@ fr~OuenCY ‘

di fference .
CA

(23)

i
D-42

Downloaded from http://www.everyspec.com



I

1’
!41L-ST9-19B-115

40. z.3 Derivation of a closed form error eauation for a- ‘inusOidal
frequency difference.

FIGURE D-12. Sinusoidal freouency difference.

b== (24)
Rfo

The required buffer storage (Q) is equai to twice the quantitY of bits
cont~ined in a time duration equal to the timing CT , as shown below.
The factor of two is required since buffers are reset to their mid-poi~:
to allow for both positive and negative time differences.

(25)

where fr = bit rate of incoming stream.

The following sections will use the derived equations to illustrate ,the
buffer storage capacity required to accommodate the frequency varlatl~ns
resulting from clock instabilities and transmission media PrQPa9at10n
characteristics.

o-43
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50 DETAILEO REQuIREMENTS

50.1 Examole us. ina a cesiurn clock. The long-term variation for a
cesium atomic clock can be maintained to within $3 x 10-12. The total
combined frequency difference between two independent cesium clocks
would be 6 x 10-12. By using equation (22) and equation (25), the
required buffer size Q for a buffer reset interval “T” of 24 hours would
be cjiven by

Q=lx10-6fr. (26)

The caoacity requirements for the trunk group buffers at nodes equipped
with cesiwn clocks would therefore be es given in table D-III.

TABLE D-111. The caoacitv requirements for the trunk oroup
buffers at nodes equioped with cesium clocks.

\
Trunk group Required

transmission rate buffer capacity
(in kb/s) (in bits)

16 1
:2 1

I;: i
51P i

1544 ~

2048 3
20000 ?0

50.2 Examole 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 recal ibration is required to avoid excessive
buffer size requirements. The stability over 24 hours for a rubidium
clock is 1 part in 1011, therefore, during the first 24 hours after
recal ibrati on, the buffer storage required WOUICI be essential ly ttle Same
as for the cesium clock which is typically I part in 1011 Per ‘onth.
Subsequent 24 hours periods, however, experience larger frequency
d! fferences due to the systematic (non-statistical ~ drift inherent ic
the rubic!ium clock which is typically 1 part in lD 1 per month. This
1cads to the need for larger buffers durf ng the subsequent 24 hour
intervals. If a 1inear frequency dri ft is assumed, a frequency drift of
1 x 10-11 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

o-44
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period just prior to recalibration. The frequency di fferyce for that
interval would be

fd = [(2 X 3.3 x 10-13N) + (2 X 10-11)] f. , (27)

where N = number of days between recal ibration.

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

A recalibration tnterval of 6 months (182 days
requ irement of

Q = 2.42 X 10-~ fr.

The capacity rewi rements for the trunk group bu

yields a buffer size

(2S.)

fers at nodes equipped
with rubidium clocks would therefore be as shown in table D-IV.

TABLE D-Iv. The capacitv reoui rements for the trunk orou~
buffers at nodes equipped with rubidium clocks.

Trunk gtiup Required
transmission rate buffer capacl ty

(in kb}s) (in btts)

50.3
Los 1

16
32

lx
512

1544
2048

20000

1
1
2
4

1 t I

Examole using line-of -si~ht (LOS) links. Frequency variations.
inks are negligible.

for

5fJ.4 EXamOle usincl tropospheric links. Frequency variations associated
with trooosoherlc systems have never been establ ished 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 iange difference which Cen OCCUr
over a tropospheric link. This is approximately 0.4 us for the
P.arameteTs associated with a tyoical tactical tropospheric transmission
link. The trunk group bit rates to be emp~oyed 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 fl bit, as follows

/’

I
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Q = 0.4 (10-6) X 2.3 (106! = .?2. (29)

50.5 .ExamDle us. ina satellite links. The buffer storage recwirement for
a satell 1te l]nk 1s rather large when the SyStem timing is not mad~
synchronous by eliminating the time variation associated with the
Ooppler effect. Mith stationary terminals, the ‘Dopoler effect results
only from the re~ative motion of the satellite. For a satellite in
synchronous orbit, the radial velocity change is sinusoidal with a
period of 24 hours. The larg,est value of oeak
the ground terminal latitude IS 72 degrees and
of the satellite is 2.5 degrees. The maximum
situation is 20 meters/see. The peak Ooppier”
from this radial veloCity is qiVen by

-- . 2vfo , ,70
‘d c

range rate occurs when
the orbital ~ncl inatfon
rangs rate, V, in this
frequency which results

(30)

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

and establishes a buf$er storage requirement Q of ..-
(

whe. e ?.

7=
c=

.

+ p~ri~~ = ]? ~ou~s,
20 m/s, I

velocity of light,
3 x ICg m/s .

known parameter values and “accounting for the bufferUtilizing the
requi remen: during the negative Doppler excurs ion resu] ts in

Q = 7.32 (IO-S) X fr . (33)

The buffer requirements for stationary ground terminals would be a’i
shown in table D-v.

O-46
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TABLE D-V. The buffer requirements for stationary wound terminals.

Trunk group Required
transmission rate buffer capacity

(in kb/s) (in bits)

1w
;! 235

’459
1!: ?37
512 3753

1544 IL3’J3
2048 ]499~

20000 1464D0

The required storage is iden .ified in terms of trunk group bit
much larger overal 1 storage requirement would occur if the
satellite bandwidth is share~ by many trunk groups using TDMA.
case, the storage requirement is dicta tea by the composite
transmitted through the satellite *nd the tots 1 buffer
requirement could be much greater than in table D-V.

rates. A
available

In this
bit rate
storage

The buffer requirements identi fied above are for a sateli ite 1ink which
does not incorporate any merhocj for el iminatin? the Doppler effect on
the transmitted bit rate. Several concepts exist which can be employed
to partially or completely el iminate the time variations inhe~ent in a
satellite llnk.

D-47148
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AF’p~Nolx E

ANJW~SIS 0? SYNCHROti IZATION ?ERFCIRW+NCE

This appendix contains information related to MI L. STD-188- 115. Appendix
E is not a mandatory part of this standard.
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10 GENERAL

10.1 Purpose. The purpose of this appendix is to illustrate the
analys~sync hronizati on parameters that must be established to
assure adequate synchronization performance.

10.2 Scooe. This appendix is a tutorial on how to derive
synch rmion parameters.

20 REFERENCED 00 CEMENTS

TRI-TAC Architecture for Tactical Switched Communications Systems, Annex
F3 Network Timing.

30 DEFINITIONS

For purposes of this appendix, the definitions of FEO-STO-1O37 and those
found in appendix B will apply.

40 GENERAL REQUIREMENTS

40.1 Analysis ii? synchronization performance. Uhen timfng sources are
slaved to another C’lr3Ck, parameter values must be established to assure
that adequate synchronization per fomnance is real i:ed.

To identify velues for the hold-in range and the pull-in ran9e
parameters, it is necessary to determine the transient and noise
performance of synchronizing 100PS. A second order ($requency
correcting) loop will be assumed in order to facilitate the
establishment of typical parameter values. A functional block diagram
of a general second order loop synchronization system is Shown in fi9ur*
E-13. The closed loop transfer function is:

B, Through TransferFuncuon
– (s). :(5) =
91 w, 1 + Loop TransferFunction , ,

(34) -

1 +mlo$
.

I +mTOS+(TolK)S* (35)
.... ?.,

where TO = Time constant,
“t.... ..

K = Total loop gain,

E-50
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substituting Un ‘~ yields

e. 1 +mTOS
—(s) = Y(s} = .

,6i 1 + mTJ*(l/0n)2S2

The damping coefficient t is equal to

and putting S in equation (36) yields

Y (s) =
1 + (2 E/uln) s

1 + (2;/wn) s + s2;un2

By using figure 5-13, we can see that the tracking error is

Combining equations (36) and (35) gives

(36)

(37)

(38)

(40)

then combining equations (38) and (40) gives

(1/w)2S2
6,(s) .

c ‘S) = 1 + (2 C/wn)S + (1/un)2S2 (41)

noi se error and when C
noise plus the transfent
the transient error and

A dampina ratio of .5 results in a minimum
equals ljvT or .707, it yields a minimum
error. However, when c = 1. this minimizes .
simplifies the analysis with only a small difference In the overall 100P
performance. The total difference in the closed loop noise bandwidth
between c = .5 and c = 1 is only 20 percent.

I
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By letting <=1

~(~) = (1/un)2’S2 8i (S) ,

1 + (2/un) s + (1/un)2 s?

finally

52 Ci (s).
c(s) =

( s +Un)z

(42)

(43)

This establishes the transient performance of the loop for any input
function O i(S).

Identification of the closed loop bandwidth parameter % establishes
all the principal characteristics associated with a second order
synchronizing system.

4D. 1.1 Hold-in ranqe. There is no t~eoretical limit for the maximum
hold-in range since the steady state tracking error for a constant
frequency difference is zero in a second order loop. A continuously
changing ramp frequency change, howev?r, would result in a tracking
error.

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

f

fa

+

t

FIGURE E-14. An input ramp frequency.

(44)
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‘1

‘i(S)=* S

ai (s)=% .

Ti J

Recalling that

(1/wn)252

c ‘S) = I + (Z&/Un)S + (1/un)2S2
Di (s) ,

set:i~g C = i and combining equations (s1) and (a5)

(45)

c(s)=
;,/7 .

(S+ w,+ s (a?)

From a table of Laplace transforms

c(t) identifies the transient error output associated with a ramp
frequency input from which the maximum transient error can be seen to
occur at t= m and is given by

‘max = * “
n

The hold-in range must be sufficient to assure that the phase tracking
error is less than *!I 12 radians (or t7/2 for a pulse repetition
frequency (PRF) lock{ng loop system) for a11 frequency rate changes that
could Occur due to oscillator instability and propagation anomalies.
The maximum frequency rate whiCjl WOU1 d be accommodated occurs when the
tracking error is Tl? radians. The maximum allowable rate of change of
frequency is therefore given by

( +- )mx = ’12 ‘nz rad/sec2.
(50)

E-54
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40.1.2 Pull-in ranoe. To identify the pull-in range, it iS necessary
to establ ish the transient response for a step frequency difference
input.

fA
I
-

I
7-

1

,1CL :
FIGURE E-15. A step frequency.

For ; second order loop

Ll, = fio = constanz ,

Recall ing that

c (s) =

nG
kIj(S) =

r’

:. (s; . & .
1 Sz

(1/w-t)2S2

1 + (2E/ufl)S + (1/wn)2S*
Eli (s) ,

and by setting c = I

~?
~[s) . — Si (s),

( s +Wn)z

Combining equations (42) and (52)

c(s) = Qo

(s + # *

(51)

{52)

(53)

[41)

(43)

(54)

E-55
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and from a table of Laplace transforms

- Uqt

c(t) = not e (55)

Equating the derivative of equation (55) to zero and solvin9 for ~
identi fies the time corresponding to the peak transient error as

1~.— ,
w

(56)

which when substituted into equation (55) determines the peak tran Sient
error as

c
m2 x

= 0.368 ~-,
-1. !5?)

The pull-in range must be sufficient to assure that the pnase trdc~ing
en-or is less than i ~/2 radians (or ? T/? for a PRF iock 100P) for all
step frequency differe”:e~ th~t couid Occu? due to oscillator
instabilities and orog.ication anomalies. The maximum Pul 1- ir. freauency
is iden:ifisd when : ~ax =
maximum allowabie :requency
100P is given by

‘“’amax

40.1.3 Acquisition time.
acquisition time comprises
closed 1000 time constants.

: /2 radians. The relationship between the
and the loop parameter for a carrier lock

= 4.27 ~n radlsec .

(58)

In an uncoded synchronization loop, the
the sweep time (if employed) OIUS several
A coded svstem would reauire an acquisition

time gitien by the code Iength (int~gration time) multiplied by the
number of code bits contai net in the code sequence. This assumes that
all n 5its z,-e !ntefl~,t-+,.----- Imitiel integration could he over less than
n bits to reduce the acquisition time. Another method for reducinq
acquisition time is to examine several subsequences of the code in
parallel . In all cases, the closed lOOD time COnStant I/fn is the
principal constraint. A number of alternatives exist for speeding uo
acquisition.

40.1.4 Flywheelin~ In a perfect second order loop with an ideal
filter, the tracking error is zero for a constant frequency difference
between the synchroni zing loop voltage controlled oscillator (VCO) and
the input frequency. This condition implies that the looP has an
infinite memory and that no timing error would accrue, provided the

i...
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frequencies remained constant during a fade. This condition is easily
illustrated by referring to the following equation

c(t) = 20te-tint. (,50)

corresponds to t equal to several loop time
O and removino the incwt would not have anY

For 1- - (this generally
constants jifr, ),c= .-–.
effect on the synchronizing loop. Sore; imp~em~ntation methods could

involve a tracking error by virtue of the fact that they involve an
aop?oximate $e~ond order loop. most methods fo r implementing a
synchroniz?tlon system Involve a mul?ipller or its equivalent (suc~ es a
phese detector or Cfme aiscriminator~, a frequency or phase controlled
oscillator or clock, end a filter. The imimrtant system transient
characteristics such as io:king time, holding time, frequency 1ocki ng
ran~e, etc. , depend on s.vstem loop parameters such as the effective loo D
filter transfer functiort, the loop gain and the order of control (i.e.,
ist, ?nc!, etc.:. ~fia$ j~ empioyed for the closed loop system. In
general , z oerfect second order velocity correcting system provides good
performance anti results i~ a zero error control vol tage for a constant
freauency ti fference.

Consider the fol iowing general second order 10CD s.vnchronizin~ SYS:~n,
shown in fi~ure E-16.

?nase ae:ec:or

Vco

I [
1
~

L I

FIGURE E-16. A general second order iooc s-vnchronizin9 sYstem.

The error c@ntrol voltage iS related to ~$e input forcing function Qi bY

c(s)
~“

0..(s)
1“* (60)
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and we have from feedback,,analys{s employing

or substituting for F“(s)

T;K 52 @)

Laplace transform methods

*.
(61)

c(s)=
I + TOS + (Tc/K)S (62)

For a constant frequency difference tnPut

and

(52)

di (s) =+- ,
s’

(53)

hence
i20TJK

c(s)= ,
I+F05+NJ”K)S2 (63)

and by invoking the final limit theorem we see that

E(-) =s .(s) I =0 ,
s=~ (64)

The error control voltage {s removed for a constant frequency difference
between the synchronizing system and the input frequency. This

condit{on automatically holds the loop clock at that frequency
difference during signal fades of any duration prov{ded the free running
frequency of the clock remains constant during the fade. This conditi On

‘emphasizes the importance of short tern stabilltY. [f the frequency
difference between the oscillators remafned constant during the fade,
the 100P would never lose synchronism in a fade situation no matter how
many fades occurred. A perfect second order 100P, however, is OOt
easily implemented. One approach is to employ an electro-mechanical
system utillzlng a servo-motor driven capacitor to change the frequency
of a VCO. An alternate approach Is to utilize a passfve filter with a
large loop gain “K” to achfeve an approximation to a second order loop.
A functional block diagram of this concept Is illustrated in figure E-
17.

E-58
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FiGIJRE E-17. Second order phase lock loop with a large loop gain.

anti m‘ ‘l/(Rl + R2)

c(s) 6 (s) .,
m’ 1-*

I therefore

c(s) =1 - (l+mT2S)
‘T

s

l+(mT2+l/K)S+( Tz/K)S2

E-59
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.=

e,(S)

For a step frequency input,

and

hence ~(s) =

which results in

MI L-STD-188-115

S(l/K+T#KS)

l+(mT2+l/K)S+(T 2/K)S2 “

(67

no,

I?.
Mi (S) = — >

s (5Z

13,(s) =~ ,
52

no(l/K~T2/K S)

,

(53)

S[l+(mT2+l/K) S+(T2/K)S2] (68)

c (-)=n Q/K ,

where K = total loop gain in Hertz/radian.

(69)

When the input signal disappears during fades, the result 1s equivalent
to shorting the input to the loop filter F(s). The oscillator control
voltage then reduces to zero which returns the VCO frequency to its
quiescent value.

The specific transients involved are readily identified since

eO(s) K F(S)
—=
01 (s) L + (K/s) F(S) ‘

s(1+mT2s) ef(S)
eo (s) = 9

l+(mT2+l/K)S+T2/K S2

and for a step frequency input, no,

(3,(s)=~ ,
52

E-60
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e. (-)= G3= V,-.
(72)

renove~, the switch S is clcsed wftt the
7.;. Applying Laplace transform theory we have

1,-%
(S) = (R1+R2+~, - ~ ,

(73)

co(:) = (s) E2 ,
{74)

.

(75!

I and from a table of La place transforms

I which for RZ >> RI, results in
t

co(t) = COe
C(RI+R2)

.
(77)

~~ua~f~p (77) fn~f~qtp~ ~h~t d~rfn~ ,a fade the os~ill?tor freCjlJe PCY

would initially retain the frequency difference between the in Put and

the oscillator and then decay exponentially with an open 100P time
LOC!>LO,,L equal iu C (Ii! T i??). The dej iyn oi the $ynchroniziny !OilP fiOW
becomes a compromise between the use of a sufficientl.v large 100
K, a relatively narrow band effective closed lOOD bandwidth Jian%’n

the retention of a large ooen 1000 time constant C (R, + !??) for hol din!
the VCC frequency during signal fades .
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For LOS and tropo transmission links, the mean duration of those fades
that depress carrier -to-noi Se power ratios (:/N) to +5dB or lower ‘s
generally less than 10 seconds with the exce Ption of UHF/LOS. In the

case of UHF/LOS, the mean duration is less than 10 seconds for (C/N!
<-2d B, In essence, IL7 seconds repre~enls a reasonable expected fade

~uration for identifying the memory requirements for synchronization
systems empl eyed in - terrestrial transmission links. The allowable
relative frequency change nO/fO is given by

—.—.
f. T

(78:

Assuming a maximum allow?ble timinq error requirement of 18 percent cf
the pulse width of the maximum twnk bit rate of @.50E qb,ls

a rd

therefore
C!.
—=2. I7X1O-9 .
f.

..,:.
,.-.

(,,

(’

(!31)

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

40.1 .5 Threshold m=rformance of $vnchronizino Inons ThP t.hreshn~d
obtained in a synchronizing 100P depends on the type of 100P
implemented. The C/N threshold is determined for the various possibie
alternate synchronization approaches to eriable an assessment of the
relationship between fades, acquisition time, C/Ii threshold level ! and
stabil ity. Available synchronization concepts include Spectral line
filtering, PRF lock loop synchronization (coherent video), and o~tirnum
coherent gated carrier loop synchronization. Any specific implement a:: or.
approach would correspond to one of these concepts.
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From figure E-19 It can be seen that the voltage for sPectrgl lines
close to the carrier is

Vt fr
Vr. —.v— ,

T s, (82)

and the received power per spectral 1ine is then

2 . (v;)?.,Pr’ = VT

(’

V2 p,
D .—=— ,
r

M> M2 (84)

whsre !4 = lumbar of spectral lines in bandwidth Bi

K+ . (85)

The out IIut noise power No in the 100? filter bandwidth En is 9iven $Y

No = FKT6n ,

where FKT = noise power density.

Therefore, the received out~ut (S/N). power ratio is

and the input carrier -to-rtoise ratio (C/N)i i5

therefore by combining the equ?tions (87) and (88) yields

s Bi (;)i(FJo = ~ .

(86)

(87)

(5113)

(89)

E-64
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Threshold occurs when the phase lock loop output root mean Square (rms)
noise phase jitter exceeds approximately 60 degrees or fi /$3 radians.
This corresponds to 90 degrees or : /2 radians being exceeded too often

The relationship betweenfor recovery of looP synchronization.
output (S/Nlo ratio and the outouf phase

k3~~ .

“he” ~0 = r-insnoise voltage,

& = rms signal voltage.

Combining equations !?9) and (!?01
that Bn = I f and ai = M:r

-. L
i4:r N

jitter ONO is given by

,

in conjunction with the fact

results in

(~)i ‘L :
?N 02

,U~

wr,icF, at :hreshold be:omes
I

(;)it ‘ * ,

I

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

the

(90)

40. 1.5.2 PRF lock 1000 $vnchroniza:ion svstem.
sys; em

A video synchronization
is equivalent to coherently mul:iolying the input video Puls~s

through the process of geting and then integrating over N pulses tO
enhance the output (S/N). ratio. This coherent process is preceded by a
non-1 inear envelope detector such as a square ;aw detector. The non-
linear operation degrades the (S/N) ratio which negates to some degree
the improvement associated with the integration process occurring in the
iooc. The overall performance is in general superior to fflte~fng out ~

single spectral line of the input signal. A functional block diagram of
~ pR~ ]o~k loop is shown in figure I-2(J.
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—

v

‘IGU!?E E-20. P PF?? lock 10I2P.

The Iooz input signal-to-noise ratio fS/N). is readily related to the
receiver input signal-to-noise (C/N!i if a ‘square ?aw video detector is

assumed tc be utilized. [R this case

(93)

The noise components at the input to the loop are spread over 2Bi, due to
the mixinq of noise tc?~S. Additional filtering associated with the
closed 100P therefore reduces the noise by approximately

u,
BnM

1

where B. = ; input receiver bandwidth,
B1 = closed loop noise bandwidth.
Mn = number of spectral lines contained in the inPut

bsndiiidth Z,,
S“M = total effective closed loop noise bandwidth.

Since
Bi

pf=— ,
f
r

E-66

(94)

Downloaded from http://www.everyspec.com



MI L-STD-188-!15

I
and

I

!96)

where N = number of pulses integrated by the 1oop.

Combinin~ equations (q&), (95) and (96) results in

26 i

~=2N”
{97)

This eguation is an approximate relationship due to the fact that the
no~ss is no longer white following the s~uere law detector. !t is,

I however; considered sufficiently accurate for the purpose of
?stabl ishing tn$ degree of noise reduction by the 100p. The output

~ isl:i;o ~j ther, g; ,en ty

(9s)

To establish the threshold, it is necessary to relate the output noise

time jitter to the outwt signal and noise. This is accompl ished by
identifying the time discriminator curve and the effect of noise on the
100D outout for a P?F synchronizing 1000. A time discriminator which
provides the necessary bipo~ar ~ontrol for synchronizing is presented in
the figure E-21.

r
—— —. .—

1

m I

I I A
{

linear

I 1
gate

adcer
~i

I

I
I

FIGURE E-21. A time discriminator.
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The resulting discriminator curve is shown in figure E-22 along with

the timing error 6 TR {ntroduced by noise.

A

~—
VSij-

T

‘ L~ ‘-%

FIGURE E-22. A discriminator curve.

Referring to figure E-22

T. Input pulse width,
o . output ”rms noise amplitude,
~.

m,

where m results from the summation
sources in the error detector and

“N = output noise power,
6 T;. Outout rms noise time jitter,

& ““ output signal peak vol tage .

Of twO uncorrel ated noise 1

Theoutput rms nofse tfme jitter may be related to the output rms noise
ampl itude, the pulse width, and the output signal

2&p
—. L.
r 6TR

Since

where ~ = output rms signal voltage

the’n

(;)O = ‘2 .
4 6T;

(99)

(loo)

(101)
—
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I
Combining equations (98) and (101) yields

($2-29 (;)i-e=o ,
7

whe m

2e=-.
4N 6TK2

(102)

(103)

(~)
solving eouations (1!32) and (103) for K 1 Identifies the relationship
between the ou:ptit jitter and the input carrier-to-noise rati O

(;)i= “’-i-p.M4 &TR2 (106;

(105

40. ],5,3 o~timum coherent aa:ed carri:r loop sy~chronization system.

phase det.

3?te

114 ‘

gate
gen.

FIGURE E-23. An optimum coherent gated carrier loop synchronization System.

:-tg

I
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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 . ,411 the signal energy is utilized for locking in t+is coherent
detection syst+m. Its implement ~tion reauires that the PRF be
synchronous ti,ith the inout carrier in order ta keep the gate centered
over the pu!sed csrri$r inpur. Initial s.vnchranization may be a:l?ieved
with e separate PRF 1000 to center the gate over the carrier cycles.
Upan synchrani:ing the gated carrier looP, the ?RF ~OOP MOU~d then be
disen?agec!, The autput rms signal-to-noise ratio for an oP?i~um
caherent detector is given by

received signal energy in
FKi = noise powe~ Oensi;y

~=D7N
r ,

recei vec power,
oulse width.

(]()~\

joules,
in watts/Hz.

number of pulses integrated in laap,

,s, c,. Y{w, i .
‘Ti’2

(..
E-7(I
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The outpUt rms signal-to-noise ratio (S/N). is also related to the

output noise phase jitter by

TON =-& .
0-

Combining equations (110) and (Ill) yields

which at threshold becomes

(111]

Su,nm:h . Expressions have been derived which identify the
signal-to-noise ratio (C/h’)it for three basic s.vnchro~:z?tior
The resul ts are tabulated below.

For a spectral line synchronization system

(114)

For a PRF lock loop SynChrIJn12dt10n system
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For a gated carrier loop synchronization system

!C, 9
‘Tit

=— .

2.2N

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 represents the number of spectral lines contained in
tne input bandwidth or equivalently the number of channels contained in
a multichannel system. An optimum coherent gated carrier loop woulti
have a threshold ‘ouch lower than for a system which filtered out a
single spectral iine. The performance of a DRF lock loop system is
essentially between that obtained For the Lther two approaches.

40.1.6 Oczimum synchronization looD desion. The following analysis
establishes t:lat an optimum design exists for a synchronized carrier
1000 which minimizes the :ran~ient. DIUS “pise erro-s tO ~rovide :
minimum threshold carrier signal-to-noise ratio. As the closed loo P
noise bandwidth is reduced, the output noise is reduced which imoroves
the :b~eshold u?T:I the transient n-ro. zp~-oactes :Ie mex imum allowakl:
total phase e~ror. At some value prior to this , the threshold signdl -
to-noise ratio obtains its lowest possible vaiues.

To fa:ilit?.te the analysis,
Anne: F?, Network

reference should he made to Section 7.1 of
Timing, of the T.PI-TAC document, Architecture for

Tactical Sw~tched Communications Systems. Eouation (31) of that section
estab! isnes the transient performance of a critical ly damped second
order synchronization phase lock 100p for any input function Gj (S).

~(s) =
S2 ‘Jj(s) (4?)

(s + .:n)z

where S is the Lapl ace transform,

-,, is the loop design oarameter which establishes the
t.:n~i~~,: ~F,d flgfs~ prf.-rm~r.:e ,

gi (s) = input phase as a function of s,

c[S) = ou?pur loop tracking error as a function of S.

The input n-ns noise jitter (dNi) is relatec! to the input signal and nns
noise amn:ituoe levels by the following equation

N i
‘$Ni = — radians ,

G Si
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where NI = rms noise voltage {n the. input bandwidth Ec,
Si = rms .s.ignal voltage at the .f,nput..

The phase lock loo P output noise jitter or phase nofse iS related tO the
input noise jitter or phase noisk. by

/“. .’dNo = dNj .+ ,

(118)

where ‘nt = total effective closed loop noise bandwidth ,
EC = carrier bandwidth at the input to the phase locked

looP in radians/see,..and the input noise ~s
assumed.

BY definition

which for d second order

-!‘l Y(u) lzd~ ,
‘nt =

critically damped loo P

(119

{s readily determined as

(120

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

(i)i=m -+’
(121)

where (; )i = input signal-to-noise ratio fri fnput bandwidth, Bc.

The loop would lose synch ron{zatlon when ?“NO = iH/2 radians i“ the

absence of transient errors which establishes the threshold signal-to-
noise rat{o for the loop. When the track ing.,grror is accounted for, the
loop would lose synchronization for

+M = i(ll/2) - Emax , [122)
0

where .[2> i ~ “13 depending on the statistics of the noise
perturbati~ns -

c max = maximum transient tracking error.
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(122) into (121) yields

~:) . my

Nit +zFmax- :1~3)

If stable clocks are employed, then the frequency accuracy expressed ?S
a maximum frequency difference can be considered aS a constant st;~
frequency difference during the acquisition time of the ,loop. A
establ ishing a quantitative value, care should be exercised In relating
the calibration and long term frequency stabil ~ty to the freouencY
accuracy.

‘or a step frequency difference ‘o

L! - 20 . .on~:an~ ,,- . (~:\

hence

there fore

and from a table of La Place transforms

,-. . .,. ., >-

(

!ouatinq the derivation of equation !55) to
identifies the time corresponding to the peak

-U”t
c(t) = tote . (55)

t=—,
‘n

zero end salving for “:”
transient error as

(56)

which when substituted into equation (55) determines the peak transient
error CV27 as

,-,

= 0.368 ~ .
‘max

‘n (57)

Combi ni ng equations (117) and (57) then results in obtaining t$e
threshold signal-to-noise ratio as a function of the loop desigl
parameter :n
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(;,. ./==-. ‘ .
B< ,i. /2-0.368ffol%

:: c

(124)

1.2s .
Let

8< ‘ (125)

then

(;), t =
Y un 3/2

( ?.~12)m. -0.36Bno (126)

1.

I
I

Equati On (126) demonstrates that the threshold sf9nal-tO-nOfse !atio
(S/N)it approaches infinity as (I ~f?.)w” approaches 0.368ilo and a“lso as
tin- m Therefore, at least one minimum (optimum) value must exist
between these extremes which is readily determined by equating its
derivative to zero.

1 d(i)it
312

[(l m/2)wn-13.36af?o]; Un112-(~ 7r/2)un
—— .
Y dun

=0
[(A ~/2)wn-0.368f10)2 ‘(127)

from which

2.2 ~
~“(opt) = ~ o .

(128)

Equation (128) {s the desired result which indica~es that the c105ed
loop bandwidth parameter mn should be essentially equal to the frequency
difference to obtain an o“pttmum des{gn wh~ch minimizes the transient
plus noise error and results {n a minimum threshold signal-to-noise
ratio. The corresponding threshold (S/N)jt rat{o iS readily determined
by substituting equation (128) into equation (126)

‘;)it(Opt)
.,,59A-312 fh 1~2

(~)’ .

(129)

lf the phase noise or jitter {s Gaussian, then phase 70ck {s lost at 60
degrees or .13 radians for which .! = 2/3. In this case eq!JatfOns

(128) and (129) become

Un(opt) = 1.05~o ,
(130)
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1/2

and (;) 2,92 ~~] .
it[opt)’

... , ,’ (131)

Equation (129) is -the. desired result and utilizfng it as a design
equation yields an extremely TOW threshold signal-to-noise ratio as
indicated by equation (129) ,or (131). It should be pointed out that the
derivation does not take into ‘account frequency variations due to
propagation conditions “involving D2ppler frequencies such as would be
experienced fn a transceive~:on .a moving vehicle. It would apply to
fixed instal}ati,ons such as the. trtunk links of a multichannel switched
system (exclusive of satellite .links).

As an illustration of what threshold values might be obtained, consider
a stable quartz oscillator whose long term stability is 1X10-9 per day
which Was cal ibrated precisely against an atomic cesium primary

standard. After 100 days; the frequency accuracy would be 1X10-7.
Assuming a carrier frequency of 10 .MHz would then result inci =IHz.

?
For

an rf bandwidth 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 Un
is made smaller than the design value. A practical des{gn must account
for the maximum -anticipated change expected and should then allow a
reasonable margin of safety to the expected value for no.

,.. .
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I Appendix F is not a mandator:,, part ~f this standard.
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I 10 GENERAL

10.1 %rvose. The ourpose of this appendix is to illustrate the
flclvantages and disadvantages of network internal timing methods.

10. ? scope. This appendix is ? tutorial in network timing that are
discussed in the standard.

REFER ER:EO OCCLIMENTS

appi :cabie.

DEFINITIONS

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

:(7 G: HE?.AL P.:OL!I!+E14:NTS

Network t?ming and synchronization are :ritical design issues since some
~Wmnur!,c5 Lion> oojecilves refiect a neea for automated Olglia”l systems
wh~ch ar~ specifically desi~ned to accommodate both voice and non-voice
traffic and to provide comrnunicatiovs securit~ on an ent- to-end basis.

..-
:

;Or satisfactory sys tem opereti ofi, stringec: reoui rements mus: be
satisfied with regard to the timing variations which are allowable both
within and among
Se\,er?l different ‘~~nc;t%;;~l yn; ‘JJj;~;ro;~l~’e;ojJp#e c;l~~em~~
employ:d ta provide n_etwork timing. Independent stable clocks and bit
stuffing reoreseot two possible asynchronous conce Pts. Master-slave and
frequency averaging represent two possible synchronous COIICS!ptS. Basic
operational requi rements concerning network timi ng rel ate to the need
for systems to accommodate time division multiplexing (TOM), digital
switching, encryption, and to maintain bit count integrity (BCI).
Precise timing is also required for obtaining end-to-end COrnmuniCati OIIS
security, adequate electronic counter-countermeasure (ECCfl), and an
acceptable data transmission capability. In some systems, an accura:e
knnwledae of time i5 r?q,.lir?dt.o arqui r? s..nrhronizat <on.

40.1 Advantages and disadvantages of the master-slave network timing
method. The b,?sic elements of most master-slave network timing Systems
- for broadc?st networks) include a modem, buffer, clock, an<
means to measure and correct clock errors. The modem is used to
regenerate the incoming digital bit stream. The clock is used to
pro’~id? a stable local t:ming signal . The buffer is used to absorb
differences b,etween the phase of the local clock and the incoming bit
stream. The clock error corrections are based on fil tered clock error
information derived from the received signal(s). There are many
di fferent 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 slaved tO thOse
nodes that are directly connected. This basfc master-slave technique,
unsupported by other master-slave system capability, is generally
unsuitable to proiide network synchronization .fOr madOr nO!es 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 ttming 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 themost
simple m~ster-slave approaches, the long term average variation rates of
the individual clocks are very nearly identical to that of the network
master. If the master is referenced to the United States Naval
Observatory (USNO) , every node {n the net~ork will have a long term
average rate vei-y nearly identical to that of the USNO. Therefore, when
clocks are operating properly, it may be unnecessary to interrupt
traffic to reset buffers anywhere in the network. [n a worldwide
network, disruptions due to a clock error at a particular node can cause
some disruptions {n other parts of the net,vork even if their clocks or
buffers are. undisturbed. It is not convenient to reset buffers tn such
a network and it is unnecessary In normal operation, but such a
capability could be provided to enhance survivability. In a survey
conducted for DCA by several civilian wi deband digital communications
networks, none fel t that their customers would accept an occasional
interruption of traffic to reset the buffers if such an interruption
could be avoided. All of them recommended the use of master-slave
systems.

The simple master-slave technique is economical and convenient to
implement With a simple phase locked loop, but if it is unsupported bya
capability to reorganize itself to employ alternative masters and other
enhancements, i: po$ se< some survivabil ity problems. Such survivability
problems can be overcome by preferred military survival implementations
that provide automatic master-slave reorganization including selection

‘of J new master whenever required. By providing the ability to measure
and remove errors during no~al operation and to predict and remove
errors during a free-running pe”riod following a period of calibration,
it can provide greater accuracy and uninterrupted” oPeration for a lon9er
period of time even in the free-running mode than can be provided by
independent clocks,

Because a sur$jfvable military implementation of a master-slave method
preferred for mul tichannel switched systems employs very loose coupl ing
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between the error measurement process and clock correction (in normal
operation it might require more than a day to make a 10, microsecond
correction), it maintains many of the qual ities of independent clocks
while providing the lang term stability of phase locked systems.
Jamming or interfering signals will not cause significant ttmlng
problems. If a single link serving a major node is interfered with,
jammed or destroyed, another link will be providing the timing. If all
1 inks 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 (n
links or nodes are automatically detected and do not propagate among
major nodes of the network.

40. 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
provide For survivability, every major node of a master-slave network
should be cJpable of automatically being selected as master for the
entire network, or as master for any severed portion of the network.
Although UTC is usually not essential for satisfactory opera t{on of a
network it enhances interfacing capabilities. A capability to provide a
UTC reference to the master and those other nodes selected as most
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 (USNO). A sizeable number of SATCOM
stations, for example, are designated as precise time stations (PTS). A
PTS participates with USNO to maintain time directly traceable to the
USNO master clock through portable clock trips, satell{te time
transfers, or other means. These stations have a capability to provide
time to many other parts of the Oefense Contmunications System (DCS) and
“to colocate or interconnect tactical nodes,

: With such a system providing an accurate reference to the master of a
master-slave system that is accurately 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 all systems, but it
t5 particularly important for some time dependent systems.
Survivability in a master-slave system can be ma;<imized with an extended
free-running capability and multiple means for updating to the
Department of Oefense (000) reference.

40.2 Advanta,4es and disadvantages of the independent stable clock
netidork t{ming method. The basic elements of the independent clock
network t!ming approach include a modem, a buffer and a highly stable
frequency standard or clock. The modem is used to regenerate the
incoming digital bit stream. The independent clock is used to provide a
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stable local clock rate. The buffer is used to absorb phase differences
caused by differences between the frequency of the local clock at the
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 clock due to the inherent
differences in the independent clocks at the tWo nodes and the
propagation delay variations of the internodal transmission links.
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 bet.veen the basic bit rates-of the fncoming
trunk groups And that of the local timing source are accorrnodated
through employment of buffers which are used to retime the incomfng
trunk traffic. To minimize the differences among timing sources, 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 jamming signals.
not

The approach is
susceptible to transient disturbances in the network frequency.

Buffers must be employed on each i“ternodal link to accorunodate 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 to long-term accumulated phase differences. A
drawback to this approach is the cost of providing the individual stable
timing sources to each site, however these costs are reducing and
represent a smal 1 fraction of the total cost of a mul tichannel
communications node. A major advantage of the approach is that the
effects of malfunctions in \inks and nodes are “ot propagated throughout
the network.

40.3 Time-dependent networks. The use of a common reference by all
net,works will permit one to aid another and all to take advantage of the
tim~ng services offered by other systems whose timing is traceable to
USNO It will also make possible the use of a common clock facility by
co located nodes

Passive time-dissemination does not req”i t-e the tiser to radiate signals
in order to acquire accurate time information. The use of external
time-dissemination services traceable to USNO may be necessary in
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certain links or’ networks thdt; for” ope~ational’ Or securitY reasons, are
establ~shed or entered only at certain times.

A number of systems require .precfse time and must therefore continuous~Y
maintain accurate clocks. Some of these systems have a built-in
capability to maintain traceability to the DoD Master Clock’ (USNO Master
Clock), while others use external ..means oracombination of ’{eternal and
external means for redundancy and survivability. Some systems employ
redundant local atomic c“locks (generally cesium) to provide an in-house
capability that would survive prolonged losses of the dl”ssemi nation
means by which they are. normally checked against the DoD Master Cl Ock.
They may also have alternate dissemination means available for access 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 $i9nals available
to signals other colocated systems.or nodes.

I The issue of survivability is most important in a tlrne-dependent system
and requires that the timing and synchronization aspects of the system
be identified and addressed as an, integral part of the system
architecture. Of particular importance are the free-running capability
of each clock system and the availability of UTC reference sources.
Redundancy is ,cormnonly 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 comparison means to
identify a substandard or malfunctioning “clock. The clocks of the
ensembl~ normally run relatively independ”~ntly of each other so that no
clock or control system failure ‘would’ seriously affect all of the
clocks.

[n time-dependent systems, loss of the”accurate”oodal time reference is
generally of greater consequence than. a“ temporary discontinuity in
providing timing signals. Also, in time: dependent systems, the free-
running performance requirements of- “the clock are general~Y more
difficult to meet than the reqifremants..,fo+ an aCCUrate freWencY a~on@.
For these reasons, clock system design ”objictives for a time-dependent
system may be different from those ~ of a system whose only timing
requirement .is an accurace frequency. ‘Compatible clock system designs
should be used wherever the clock” might at some time be required to
serve the du~l purpose of supplying an accurate frequency and acting as
a time reference.

.,,

intermittent or late entry into some rietworks”cafi tie greatly facilitated
by a prior knowledge of network ,time ‘whether time is obtained by time-
dissemination or by other means..” Navigation systems that disseminate
time are frequently employed for. :{me dissemination. They, along with
other systemz, make it possible (sometimes automatically) to correct for
propagation time delays.
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40.4 Timing for networks requiring accurate time. The bit-stream
timing and synchronization of an LITC traceable time reference requires
an accurate frequency standard, but not necessarily accurate time.
Hawever, 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
el iminate synchronization ,overhead; deny :use of assets (such as
satell ices) to others; provide synergy with position-location,
navigation, or intel 1igence systems; identify or authenticate; permit
immediate “or quick entry and redtlce guard bands in time division
multiple access (TDMA) systems; or provide combinations O: these
features W4ile .snm? systems requiring precise time may normall Y
opera:e continuously, a need for precise time is often to establish or
re-es:ablish a link or ne:worl. or to bring new systems on line within
the network. Therefore, the nods! clocks are often required to maintain
accurate time whether the node is participating in network operations or
not.

AI though accurate frequency can be estabi ished and maintained at anY
location b-v us”;ng “primary” atomic standards. such as cesium beam
d.-v’c+<. a--l.,-.:. ?:m= m:)st b’a nh??inPr+ initially frm 2 refer e?,:?
outside the nod? znd m,?iniained locelly with. reference to an accurate
lo:al frecuency (rate) stanc!ar< until subsequently updatet. Some means
of :im: ciissemina: ior., either i“ter”al Or external .to the communications
network. is recui?et to coordinate the ,clocks in a time-synchronized
l~nk or ne:work. The initial sec?ing, uhich may also include a
frequency (or rate) cal ibration, is accompl ished through a 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
cO~uni~ations links (including special synchronizing modes of the
network) that can provide the required accuracy.

I

I
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ADPENDIX G
EXAMPLE OF NETWORK TIMING DISTR19UT1DN BTh’EEN TACTICML NQOES

This appendix contains tutorial information in support of MIL-STD-18S-
115. Appendix G is not a mandatory part of this standard.
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10 GENERAL

The purpose of this appendix is to illustrate, using an
~~~~pl&%%irning is distributed throughout a tactical node.

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

20 REFERENCED DOCUMENTS

Not appl icab\e.

30 DiFINIT!ONS

For out-poses of this appendix, the definitions in FED- STD-I03? and those
foun? in appendix 5 wili apply.

40 GENERAL REQUIREMENTS

4(!.i !xam~le of network timinc distributions betwee~ ~accical nodes
The :iming subsystem developed for tactical swi tched communicant ions
networks is built around e niai!iv accurate cesium beam standard located.
ic the AN/ TS@-l!l, Communicat~ on-s Nodal Control Element (CNCE! . Eac~
CNCZ normally operates its own timing system from its own i~ternal’
cesium standard which drives e voltage control lee! crystal oscillator
{Vcxo). This approach is generally referred to as an independent timing
system. In this mode, the sending and receiving CNCE cesium based
clocks will be set closeiy enough that filling or emptying of the
receiving station’s buffer should be infrequent. The necessity of
interrupting traffic to reset buffers is expected to be once per day or
less under normal conditions.

The CNCE does have a number of additional timing capabilities. The
cesium beam standard will normally drive the internal VCXO. There is a
second VCXO as backup. The VCXO can free-run if the cesium standard is
lost. In addition, timin~ 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 subordinate 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 normal Iy derive their
timing reference from and be slaved to an incoming conditioned di phase
data transmission group which is traceable back to a cesium standard at
a CNCE. Al 1 switch VCXOS however, do have the abil ity to free run. with
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reduced sttbility if the CNCE cesium clock fails, if connection to a
CNCE is lost, or if the deployment is such that a CNCE is not available.

The tactical. radio equipnent will normally operate {h a slaved mode.
All such radios will derive timing from cOnditi Ofled diphase data
transitions in the traffic data stream. There are two potential

exceptions to thjs rule. The AN/TRC- 170 Tropo/LOS digital radio
terminal system contains a rubidium source which can operate as a niaster
timing source, driving an internal ~iCXO. The ability to free-run from a
rubidium source or directly from the VCXO 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
AN/ TRC- 170 can also slave its ‘vCXO to data coming from either the radio
or cable side. The other exception concerns inventory analog Army
radios which have been modified b:{ addition of digital modems ,
multiplexer and order~ire control units (OCU). The OCUS have timing
options which permit them to derive timing from a variety of sources.
Preferably, these sources are traceable to a CNCE from which they can
then be manipulated and distributed to satisfy the total timfng
requirements within the associated assemblage shelter. These OCUS. can
operate In a free-running mode if the external source is lost. However,
this capability is primarily intended to service the secure digital
voice order-wire for initial circuit. lineup (no traffic) or PestOral
(again no traffic) and thus no external mode of o?eration. 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 C:ICE processor at the local timing. rate. The CNCE can also
operate its timing system in several other modes which can be .sel.ected
manudlly or automatically. IF the local cesium beam fails, then. the
VCXO cd,] be set to operate in a free-running mode. The cesium beam
standard c,?fi be set to operate within 2 .x 10-12 of the desired
frequency. The VCXO, which would normally be slaved to the cesfum beam
standard , would in the cose of free-running revert to a.. stabjlity
of +10-9 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 be noted that all
subordin~te nodes or switches wil 1 ha~~e ‘VCXOS and buffers, and they wil I
nomlally operate sl,~ved to the CNCE. When the CNCE timing sources are
lost, then subordinate elements can also have their YCXOS reset to a
free-running mode with a loss in stability comparable to that, for” the
CNCE 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 traf Fic for buffer resets. For an
example of netdork timing distribution between tactical nodes see figure
G-24,
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This dpmntix coc:~ins tutorial information in support of MIL-3TC-lB6-
11<. Aopen:jix \ is not a mandatory part of this standard.
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10 GENERAL

. .

(

10.1 .Purpose. The purpose of this .sppenrlix is to describe the criteria
dnd rat?onale usec! in planning the nztuork timin9 and synchronization
capahil ity for the planned digital portion of the Defense Communications
System (OCS). This timing and synch roniz~tioc capability will b@
required for certain equipments, subsystems, and system interfaces.

10.? Scope. This ,+pDendix gives general information on thy fun:tianiqq
of network timing fOr the DCS.

20 REFERENCED 00 CEMENTS

20.1 Appendix extraction. This eppeodi~ is excerpted frum DCEC EP3-S3.

?0.2 Oocuments referenced in t+is aDncn,dix. JCS Master Navig.3tio? ?’?an
(Stf-256-!33).

30 OEC!NITIONS

For purposes of this appendix, the de fifiiiions G: FZU-ST2-1337 .3fldth.OSC
found in appendix B wili apDly.

..

40.1 7imin0 and svnchronizztion con fiourd iion. The proposed
configuration of the ziminq and synchronization StJbsY5tem consists of
the ~tation clock, clock - distribution subsystem, and digital data
buffer. A functional diagram of the station clock and the clock
distribution subsystem is shown in figure H-25. For terrestrial nodes
colocated with Oefense jatell ite Cummunicitions System (OSCS! sites,
existing cesium beam st~ndards used in the OSCS may be used as the
primary reference for the DCS station clock. The two precision
oscillators provided as backup will hav? an initidl accuracy equal tO
the reference and a long term stability of t 2 x 10-1O. For non-!)SCS
sites, Loran C will be iJsed as the primary reference source for the
station clock. Both the OSCS atomic clocks and the loran C navigational
system have transmit frequency sources that are synchronized to
universal coordinated time (iJTC).

In order to satisfy the set of performance objectives for \irnin9
subsystem availability, station clock accuracy, station clock stablllty.
mean time between outage (MTBU) , mean time to repair (MTTR), mean time
to timing slips (MTTS), and buffer lengths, the ststion clock has been
speci fied to provide redundancy in the form of two precision oscillators
in order to compensate For any lass of loran C due to equipment failure
or signdl loss. The station clock i’s also capable of accepting an
external reference (such as a c?sium beam standard) when available.

H-90
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I 40.1.1 Station clock. It should be noted that the .ICS Master
Navigation Plan (SM-?56-93) proposes a phase out of the Loran system in
favor of the NAvSTAR Global Positioning System (GPS) during the period
1997 -1’?92. [n the event that this planning is executed, available
alternatives will be substituted to provide requisite UT: reference.

The station clock, as functionally depicted in figur? ii-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 ootion of being
driven by the loran C receiver or by an external reference source (SUCII
as cesium beam standard) , dependent upon the best available reference.
In priority order, first choice will he the primary referent?; second
choice, the alternate reference; and third choice, the two OSCi\]at Ors.
The selection of the lDran t or the external reference source ds the

primary or al:erna:e reference is an operator sclectdijle function.

40.1 .1.1 Loran C receiver. The loran C receiver provides a!Jtcmatic
acau; sition an.i tracking of operator selected loran c signals for US? as
a precise reference against which other Freouency standards may be
com Ddre$ or :ontrolled. After the Group Repetition lnt!?rval (GR\ ) and
desire< ior3n C Sl?:io,o have been selected by the operator, no other
intervention will be ne:derj. The receiver will automatically acquire
the seiec ted station of the l~ran C chain dnd then automatically go int(~.
the tracking mode. Ni:hout inter,ven:ion, the receiver will continue ti”
track until the incoming signal fades beyond the sensitivity of th’e
receiver or :hc opera:or takes action to halt the tracking DrOCe SS. In
tfie event that this signal is lost, the re:eiver will af~tmmti:ally
reacquire the ground wave of the initially selected stfition.

Using the loran C ground wave, the receiver will provide a 1 MHz signal
Output which tracks the long term dccuracy of the loran C signal . The 1
MHz reference output will have an accuracy of at least 1 par: in 1011 in
one hour, 1 part in !.012 in one day, and 1 part in 1013 thereafter,
maintained with respect to the received signal . The !. PPS reference
output as provided by the receiver is tied to the received loran C
signal. The 1 pps outpJt is accurate to 1 microsecond with respect to
the received signal . The 1 pps puIse, at least 20 microseconds wide,
will be usec as an unambiguous timing pulse.

40. 1.1.2 Freouen:y multiplier. ‘The frequency multiwl ier provides the
functions Of frequency synthesis, distribution, manual selection and
failure mode operation and all ne~ess~ry interfaces #i:hin the s:ation
clock, to include the loran C receivpr, the external source, the primary
and hack up oscillators and the distribution ampl ifier.

Should the primary reference fail , the frequency multipl ier Will
automatical ly switch to the alternatp reference until it is manually

H-92

I

Downloaded from http://www.everyspec.com



.

I

LO
nA

M
1:
SI

ON
ML

I?
wu

l
lr

Ps
IF

PS

gg
$~

:.
~

::
”

/\

IW
UT

IP
P9

~
PO

WE
W

OU
IP

UI

w w

It
mn

PO
WE

R

T
l=

t
IN

PU
T

IP
PS

lP
PS

Po
wm

ou
r

in

1
!H

ll
z

I
—

Iw
l“

”
G-

1M
Nz

Si
+s

mi
z

FI
GU

RE
II

-2
6.

Fu
nc

ti
on

al
di

ag
ra

m
of

th
e

st
at

io
n

cl
oc

k.
.-

—
—

Downloaded from http://www.everyspec.com



rf?Set. SholJld both the
reference input signals
oscillators will ooer3te

MI L- STO-IS8-115 (

primary and alternate references fail, all

to the oscillators will discontinue, and the
unlocked (not Dhase and frequen:y locked to the

1 MHZ primary and dlterndte reference).

40. 1.1..3 Oscillators. Two Oscillators are provided ds separate
independent components. Each oscillator is locked to, its respective
input from the freqtjency mul tipler- Should the reference signal be
lost, reacquisition of phdse lock. vi ill be’ automatic after the refereflCe
signal is restored. The oscillators accept the referen:e inPui and
provide outputs tha? assume ‘the long term .stabil ity of the reference.
UPOII removal of the reference Signal , the oscillators will continue to
provide the output signal s without immediate degradation greater t$dn
1X19-12. Thereafter the oscillators will degrade in accuracy nJt more
than 3.3x10-~1 per cay.

.-

40. }.1.4 Distribution amDlifier. The distribution amplifier provides
the drive capability tO interface the” freq,jen:.v multiplier and the
oscillators’ 1 MHz output signals to remote equipment. 13 addition to
its use within the station clock, the distribution amplifier is 31s0
capable of independent ope’rsr:ion. The distribution amplifier employs
three separate synthesizers to synthesize the 5 MHz outout Signdl S . The
distribution am:lifier as a minimum provides six 5 MHz and sf~ i MHz .
sine wave outputs.

40.1.? Clock distribution subsvstem (CDS). The CDS interfaces with the
station clock to generate and distribute timing signals to transmission
+nc user eqdipnents. In order to meet DCS availability criteria, triple
redundant frequency synthesis fol 1owed by majority vote logic is
provided. Voting logic will select one of the three frequencY
synthesized outputs and pro-vide the selected frequency rate to the
distribution amplifier. The distribution amplifier then provides an
individually isolated output to each equi~e,lt as required.

The principal functions of the CDS include

(a) accepting UP to three independent .fre.quency reference input
signals, :.””.

(b) providing redundancy in ~nerating synthesized clocking
frequencies for the required famil ies of’ rates, (table H-VI ),

(c) distributing these clocking signals. to individual transmission
and switching equipment, and

(d) providing alarm indications for failures.

A functional schematic of the CDS, depi$tlqg the interrelationship of
its elements, is shown in figure H-27. “.

The CDS and the associated frequency sources will provide timing to some
or all the transmission and swit:h.ing subsystems located at a DCS
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TABLE H-VI. Clock freotrencv famil ies .

Clock Rates

I.

11.

III.

IV.

v.

VI.

VII.

VIil.

75 (?N) Hz family

!500 (N) H? family

8000 (N) Hz family

2N kHz family

192 (N) kHz family

1.544 (N) kH: family

7.?32 (N) Mliz family

5.(! (N) ttHz family

N Values

N=o toll

N=l to!?

!!=l top

N= fi toll

N= I,?,?,”

?4=1

f’

communi:3?i ofis node.
~DP~ i?i :0 external
equi pmefi? consistent
equipment.

The clock signs’ls generated by :h? CQS wil’, be
clock i.ingu:s of the transmission and swlt:?:nc

with the input interface parameters of each

The CDS frequency synthesizer accepts as inputs three 1 MHz or 5 MHz
signals from the station clock or other frequency standard. The CDS
also accepts as inputs three 1.544 MHz signals from external sources
(e.g., AN/Fee-98 ). Simultaneous inputs of any combination of 1.544, 1,
or 5 MHz canniyt be used. Uhen 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 clock rates listed in table H-VI. For each
generated family of clock rates specified in table H-VI, the redundant
frequency :.vnthesiz~v will provide outputs to the voting logic. Tho

voting loglc will then select one of these synthesizer outputs and
provide the selected frequency rate to the distribution amplifier. The
voting logic detenines which (if any) of the frequency s,vnthesizer
ou:pu:s are in disagreement. If one frequency synthesizer is found :0
disagree with the other two synthesizers, its output is removed from the
input to the distribution ampl ifier, dnd will requ ire operator
intervention for return to ~ervi~e. 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

S-96
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I

found to dgfee, :I)e vs; ing 103ic will select aqy one of tb~ synthesizers
whic$ agc<e for output to t?e dlst-i but ion amplifier.

Im?ls’meat:t ion of the n:$work does nat require that every node have a
Iordfi : receiver or uther primary reference stand drd. The allowable
:n,31emeq:3t ;on wi!l 5.? to provide :hese primary clock sources at m~Jor
nodes , with mi!!or nucles slaved (looped) [o them.

The determination as to maj~r versiis minor node designation and hence
the timing and s~nchroni!jt ion configuration for each node is made using
a number of specific crits-ia.

{~\ The h,iaesprea< anpl ication of the Low Speed Time Division
Mul; ipiexev (1-.;~gy . ANf FCZ-!flC! and izs s.vnchronous data channel
cap fihilities r?qu!-e in mcsc cases separate timing and s.vnchronization

‘,PCC; Fic criteri.+ For minor nodes ars noted below.

/z) I+’her? L5T13*’s a.e locatsd a: t~rminating sites, loopec Zlmlng
will be used, and

(~! :?lroug+--outs.ti repeat e- locations are not provided separate
:im{nq and s,ynchroni:::icn subs vs:ems.
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10 GENERAI.

1 10.1 Purpose. The PurpJzI? of this appendix iS to illustrate tYPi~al
:i,me-depenrlen: systems dnj time Ciisseminitio!l systems.

?O REFfREtiC!!l DOCUMENTS

“Navy precise Time and Time interval (DTT1)
~epurt ,“ VA1!OBSY TS/OTTI 59P-91 , “CJcwratina
and Time lnterv.al :aui7nvnt 5.”

30 OEFINIil O~lS

Requirements Analysis Final
?ra:edures for Precise Tim?

otne? systems or nodes.

?IOTE: There ar? num@r,ous $lavy syst+ms t?a:. requ$re time ac:ura~: t* 1.
ms or better. The timing requirements of many of these systems are
given in the “Navy Precise Time and Time IIterval (P7TI) Requir?mer:
Analysis Final ?eport”, Publ ished by the Space dnd Vaval ifarfare $ystem$
LOmmanj (SP,WARS) , and in a NAI!ELEX memorandum, both Of which are
classified. The Wf%nse Communic?:ions Agency (~Ck) dnd th? Servi:es
also have syste,ns tiiti timing requirements of be:ter t$an 1 ms. 5om+ of
theje systems are classi fied.

$0. 1.1 SAiCOti. In the ilSCS SATC’IM spread spectrum systens, the
redundan~ cesium clocks are traceable directly to the 002 Master
Clock (:J5NG .!’ldSt~r Clock) iimi serve as precise time stations ~Dij~”. The
SATCOM clocks are requ!arly checked through the inhere~t worldwide :ime
dissemination capability of the spread spectrum links to the USNO an!l
are occasionally compa red with Portable USN3 ~:siu!n clocks.

0iS5emi nati On (either portdble cloct or sat:ll its-1 ink) is accurate to
the order of 100 ns, and t+e clocks are maintained within ?5 us of the
USNO Master Clock. Adjustments that can change ths time or rate
(frequency) of the SATC’JM clock are done manually according to IS
standard operating procedure and are performed only by direction of

I-loo
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USNCI. The operstion of the ?TS network is speci fied in NAV08Sy TS/pTTi
SOP-9! . A PTS provides a point for local and transient clock checks for
bot$ time and frequen:y and performs a monitor and reference fun:tion
for local transmission. In some cases, the accurate time and frequency
are made available to other colocated systems, such as channel-packing,
FJTDDI N , crypto-systems, and LOS microwave links. The PTS may also
monit3- loran C, f{avy Navigation Satell ite System (TRANSIT), and other
.Ime dissemination facilities.. . The monitoring function is a part of the
system by which USNO disseminates precise time, since the results are
reported to USNO. At the same time, the monitoring adds to the
redundancy of tne PTS, because deviations in the local clock can be more
effectively ev?luat?fi with larger amounts of independently acwi red
corroborative data. 5ince the SATCOM clocks are regularly rated and
upd~ted h-v USNO over an extended period of time, their performance
histories are well known, and they have the capabil ity to free-run for
lonS periods without 3ccumula Ling large time or frequency error.
Therefore, the oTS systt.,n has a high degree of survivabil itY, and
degradation wOu~.~ b? very g-ddua~ and small in the eVPnt of a 10S5 of
the 1ink witn UStVJ.

30. !.2 H,A1!E QUICK. The !~A’/SQlllCK communications system for taCti Cal
aircraf: communic3 iions empl oys rubidium c1 ocks tO maintain t+me
ac:urdc.v, Tnocsands of these eaui?nents are being p~o:ured. The clocks
may be s-vnchroniz?d hy sending svnchronizinq words between aircraft.
The system ●.’lI interface with t~e NAVSTA!3 Global PoSi?i Onlng System
(GDS) for :ime spt:ing an~ upd?:in$ to the required accuracy.
lntf?roPerabil ity among and within groups will be enhanced by the GpS
connection.

49.1.3 .JTIOS. The Tactical Digital Information Link J provides secure
digital =ni:S Lions utilizing d formatted data standard to support
high capacity, ” secure, non-nodal , jam resistant information
distribution. The 1ink will be capable of operating in the severe
adverse ele:tromagne:ic environments anticipated in future military
operations. TAillL J recognizes state-of-the-art advances in signal
processing and integrated circuit technology to overcome the MOSt severe
1 imitations of the previous generations of TADILs with eKPeCted data
ratt?s one to two oroers Of magn$:Joe hfgher than previous sy5tens5 . At
the same time i: incorporates sophisticated spread-spectrum
communications and forward error correction coding techniques which
support very high anti-jam margins, and low probabil ity of interce Ft/low
probabil ity of exploitation (Lpi/LPE) characteristics in systems which
con f3rm to the TADIL J requirements .

40.1.4 MI LSTAF!. The MILST.Aq communications system w;ll have a precise
time req-. Details are not available at present.

1-101
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4rJ.1.5
Iikelv

vEPDIN,. The !{avy VERDIN VLf/LF communic~tions SyF.teM (dnd
sone similar Air Force svstems) has a precise tire? requirement.

Suhma~ines dnd shore ~ta:ions - emplo~v cesiurn beam clocks that are
required to free- .-un for ex:.?nded periods.

40.1.6 TK:AM3. TACA!IO a ircraft pro,;ide d survivable VLF/LF 1 ink wit?
Navy un i~ The system requires preci.s? time and alternate means ars
provided fo. time setting and upd3tin S,

40. !.7 o~~er systems. Other :omma nd , control , commun<cztions a~d
intelligence Sys.LemS of the three services requ ire precise tifne.
Included are a number of modems, crypto systems, sensor systems. ?t:. ,
whose details or requirements are class lfiefi.

40.2 Examnles of time dissemination svs:ms. Described below are some
cf the time dissemina:ioti systems in curre~t use. These systems a..?
traC@abl? to USNO and can be used for ciock setting and updating Wi?+in
their accuracy and availability limits.

d.o.~.l NA’YS7A~?-G?S. The NAVjTAE Globs! Positioning S.v St*:n(GPS? IS a
worldwide navigation and ;ime dissemination SYstem giving position t,]
approximately 10 meters and time accurate to 1.00 ns. The full
constellation of lq satellites qiving continuous worldwide service will
he operational in 1987. !“-CI,rren”:ly, there are four operating satellites
:ha: can he user, by fixed stations dnd, under favorable conditions, by
mobile users. The user eouipnent now under develo~ent wi? ) Co!ltajn a
standard precise t.iimeinterface. The satellites are monitored by U3N0,
and updat?d regularly. Cesium .an5 rubidium clocks dre carried ahoarj
the satellites, and a hy.irog~n maser clock is under development for
maxi,mum SUr Vi V3b1]i Ly in the event of 10SS of contact with the MOfIit.3r
and control stations. The satellites will be ca?ab~e Of 0Peratin9
autonomously for ex:endcd periods in tbe unlikely event of a 10SS Of a]]
the links with the master control station. “Uhile 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 or one satellite. T!Ie ground segment employs high-
per forman:e redundant czs~um clo:ks and plans to use hydrogen maser
c!~:ks currently ~n<cr ~?:ela~:n:.

40.2.2 Loran C. The low frequencY loran C navigation system gives
ground wave coverage of much of the Zarth’s surface, but there are lar9e
gaps. Accuracy of time dissemination in the groun~ tiave areas is
normally bette - than 1 OS. In the larger areas covered O’IIY by sky wave
propagation, the accuracy is considerably reduced and is subject to
occasional propagation cii;turodnces, including daily effects, but is
usa>le for some applications. Since the inherent time ambiguities of
the system are in the order of 5 ms, ti,ne must be known locally to that
accuracy before precise time can be obtained.
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The various links of t$e system are monitored by USNO and” by PTSS to
give tracedbil ity to USNO. The loran C transmitters eatploy cesium beam
clocks that can free-run for extended periods Wi thout update.
Individual transmitters of a chain maintain close coordination with the
master station through a monitoring system, but the chain may deviate a
few microseconds from UTC. Corrections for each chain are publ ished
regularly by USNO. In many areas, interference from 1ow frequency
stdtions must be rejected with noLch filters. Susceptibility to janwning
is a possible disadvantage. Individual transmitters are occasionally
taken off the air for maintenance.

Timinc from loran C is used in some cases either for monitoring the long
term per f~rmence of locdl clo:ks or determining the drift rates of
moderate stability oscillators. lJnder fdvOrable conditions and USi~g

I ground wave signals, frequency comparisons can be made to about lxIO-l Z
over a one dav observation. Distortions of sky wave signals degrade
frequen:y meas~rement capabil ity by a factor of 100 or mOre.-

40.2.3 OMEGA navigation svstem. The very low frequency OMEGA
navigation system has nomina~d wide coverage through a system of
ei ah: :ransm,itters. Navigation is accompl ished by making simultaneous
ph~se comparisons of several transmitters. For timing, the system is
use ful mzinly 25 a stsble frequency source, since time ambigui:;
inte-vals are very small . t4nile the system employs cesium beam clocks .
daily and anomalous variations of the essentially sky wave Pr0Pd9ation
make interpret~: ion of frequency comparisons difficul t (?S with sky wave
Loran C), and phase comparisons are normally made over a period of a day
or more. Daily phase values of OMEGA are publ ished by (!SNO.

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 unl ike navigation system
dissemination and two-way satellite dissemination, there is no inherent
provision for deter.riining propagation time. The propagation delay
Calc,jldted from the best estimate of the radio path involves some
uncertainty, especially when the pat+ is long. The unambiguous time is
use f,Jl, within the cov?rage areas of the high frequency Stdti OnS, fOr
mcwierdte accuracy clock setting anti upda:ing or ?,s a means of resolving
the ambiguities of loran C. Coverage is variable and depends upon the
frequency in use and the existin9 pro Pa9atfon conditions, as Hell as the
state of interference from other broadcast services or ifltentiona~
jamming. The broadcasts of the National 9ureau of Standards (NBS) high
frequency stations k44Y and WUVH are traceable to uSNO through the PTSs
maintained by N3S in Colorado and Hawaii.

40.2.5 Portable clocks. Portable Clocks are used by USNO as one method
of rating and updating clocks of 01Ss and other facil ities requiring
precise time. The cesium clocks are set to UTC at the USNO
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master clock and transportable while running continuously to the
facilities requlr{ng calibration. Batteries are used when power mains
are not available. The clocks are rechecked after the trips in a timing
“closure” to verify proper portable clock operations and to prorate
small deviations through the trip. Accuracy of portable clock trips is
in the order of 100 ns.

~~~:k trips ar? also used to verify other time dissemination techniques,
as GPS and the SATCOM spread spectrum method , which have

commensurate precision, As the number of valid techniques increases,
the number OF portable clock trips will be reduced. Portable clOCk
trips, however, may remain as a backup dissemination method.

40.2.6 Other dissemination methods. A large number of dissemination
methods have been develnped for both specific and general application.
Only a few wil 1 be mentioned here,

40.2 .6.1 TV line-lo. In the TV line-10 met?od, two or more Facilities
extract the same synchronization pul se frolio a cooperative or
uncooperati ve television broadcast station in comlnon view of the
facll itfes and compare its timing with their local clocks. The
technique requires the users to rPSOIVe the frame ambigui ty of ~bout 33
ms separately. The method al so requires exchange of data between the
users, Propagation time differences must be resolved by distance
measurement, portable clocks, etc. Range is limited by the coverage of
av~ilable television transmitters in common view. The method is
subject to broadcast schedules a“d other factors that are not under
control of the users.

40.2 .6.2 Very lonq basel ine inter ferometry (vLB[). VLB[ is a
dissemination method that is capable of very high precision. The
technique involves simultaneol, s monitoring of extraterrestrial radiation
S0urCP5 at two or more user sites a“d a c~mparjs~” of time nark~d data
exchanged through some communications medium such as shipping of
recordings between sites. Operationally, the technique is not generally
empl eyed for communications, but might be used in very precise
comparisons of major timing facilities,

40.2.6.3 Other dissemi”atio” systems. A number of dissemination
SyStelfl S have been designed for speci fi,; appl ications,
back sys telns

Soloe are piggy-
that make use of existing communications systems, and

others employ special links or broadcasts establ ished specifically for
timing. In the Hawaii PTTI test bed,. for example, a specially designed
spread spectrum modem and timp-transfer u“ft have been u~cd on an ““used
portion of ~ microwave 1 ine. of. sight (LOS) communications link to make
t{ming comparisons to sub-microsecond accuracy, The pilot tone OF the
master station of another microwav? LOS network wds stabilized by the
station’s accurate frequency reference to provide an accurate standard
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Fi-equ$ncy to the other st~tions of the n?twork. The spread spectrum
madem and time transfer unit were also used in two-way satel 1ite

cummunic~t ions Iinks to provide dccurate time to sttt ions not equipped
with spread spectrum -communications modems of the types used in SATC3M
time dissemination.

Time disseminician vid fiber optics or LOS laser links has the potential
for extremely high precision because OF the large available bdndwidth
dnd has been used czp.+ri,nent~l Iy wi th good r?s,ilts. Some 1 inks have the
capability to dct as time dissemin3 Lion media. Ordinarily, a channel of
large bandwidth will support precise time transfers, but this is not
necessarily the c~se with frtqui:ncy hopping systems that hoD slowly.

T+ese techniques require some me~ns , such ~s t~a-way transmission or
independ~nt me,lsures, to determine the propagation time delay. The
propag~:ion delay may 5e measured and considered constant for some fixed
links n3t involving variable distances or paths, but with satellite
links or links involving mobile platforms, the propagation delay must
gener~lly be dsiermined for each tilne transfer. Automatic methods are
usually avail ~ble to resol.~e Lhe propdgdt ion delay when two-way circuits
are i“vol”ed. The “p~ssive” navigation systems, such as GPS or loran C,
can be used in a (~ne-w~y) broadcast mode to provide precise time
clisswnin~tio~ to b~t$ mobile or fixed users. The ~dvant~ge of a passive
system is tb~t the user is not required to emit a signal or use any of
its communic.%tio”s capacity to ~xcha”qe d~t~ Or correct for propagation
delay.

1-!05/106
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AP~!NOiX ,1
SURSEA”Y1ZNT OSCILLATORS

Th~s zotwn<ilx co~:~ic$ tutorial information in support of MIL-STD-18S-
115. Appendix J :s no: a mandatory part of this standard.
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10 GENERAL

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

1~.~ s~,J~~. This appendix is a tutorial on subservient oscillators
and does no: provide detailed descriptions, i.e., IOOp bandwidth.

20 F.EFERENC:D DOCUMENTS

Not applicable.

30 DEFINITIONS

For the purpose of this appendix, the definitions of FEO-STO-11137 and
those found in apoendix 9 will .SPOIY.

40 GENERAL REOUIREMENTS

kiith reference to figure J-29, tne reference signal from the princi pa!
clock is

APSln(wpt+6P). (13?)

and the output from the controlled oscillator i5

hosin(~ot+eo). ,!13, (,..,

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 clock under phase locked
conditions. The phase detector is a product device so that its output
is the DrOduct of its two inouts multiplied by a gain factor.
Therefore,

K~Ap~sin(

The filter

‘or these inputs to the’ phase detector, its output is

Up++)t + (~p+~o)) + K~ApAosin((up-~)t + (6p-QO))- (134)

removes the sum frequency term 1caving only the di fference
term to be appl ied to control the frequency of ihe voltage controlled
oscillator, ISo. If the natural frequency of the oscillator (the
frequency when the control voltage is zero) Is the same as the
reference frequency, this output is proportional to s{n(gp -Bo) and it
will increase UIo temporarily to increase 6 or it will decrease ~
temporarily to decrease 13p. When 00 is eaua~ to Qp, there Is no output
from the phase detector so that the system should continue to operate
with QO equal to ep. If there are any disturbances to 90 (Or Qp) o the

J-108
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I FIGuRE J-28. Phased locked looP.

I

vol tages from the phase detector wi 11 temporarily y al ter the frequency

I of the oscil later to reduce the di fference between Qp and Go.

I The assumpt ion that the natural frequency of the oscil later is the same
as the reference frequency is not a good assumption. In practice an
in?ut control vol tage must be aPPl ied to the vol ta9e control 1ed
IJsciIIator to keep it on frequency tii~e temporary variations in the
control VOI tage are used to maintain the desired phase relationship.
Tnis can be accompl ished by adding an integrator in the path between the
Out PUt Of the ohase detector and the oscillator so that the output of
the phase detector is integrated before being appl ied to control the
oscillator. 1f there is a di fference between the fretlUenCY Of the
Oscil ~ator and frequency of the reference signal and there” is rio control

signal applied to the oscillator. the output of the Lshase detector will
be a sine
appl ied to

wave with a frequency equal to thls
the oscillator as a control signal ,

J-109

d-ifference. If this is
it will distort the sine

I
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wave. The control signal will always change the oscillator frequency in
a 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(m ~-uo)t is positive it increases wo to make the

Dhase errcr smaller; but when sin(~ -~o)t is negative, it decreases U.
:0 make the phase error smaller. A! first thought, it might seem that
these WOU!S cancel over the period of a full cycle. However, the

por?ion of the cycle where (UJp-Uo) is decreased is longer (because of
its lower frequency) than portion of the cycle where (tip-uo) is
increased. Uith this distorted signal applied to the integrator, a
voltage wiil accumulate that wil 1 cause the oscillator frequency to move
toward the reference frequency until (-p -uo) is equal to zero and Phase
lock is achieved wit~ QO-QO also equal to zero. Hence, in normal phase
locked operation, there ‘will aiw?.ys be a control vol tage appl ied to the
oscillator to keep it on frequency, but the inpux to the integrator wil 1
be zero. tihenever there is tendency for the oscillator to drift in-
phas?, an output from the phase detector wi!l correct it.

Under phase locked conditions , the output of the phase detector is zero.
If a d.c. voltage is added to this output, the input to the integrator
mus: s:!ll be kep: :?rc. so that the oscillator fre C!IJenCY is temporarily
changed until there is an output fror, the phase detector that exactly
cancels the added d.c. vol tage. The oscillator continues to mcintain
phase lock with the reference sianal but with a phase offset determined
b-v the added d.c. vol taoe and the- characteristics of the phase detector.
This phase offset is th~ basis O: the subservient oscillator that tracks

one input signal when it is available but maintains the long term
stability of the reference signal when that input signal is not
available.

‘dith reference to figure J-29, the loop at ttie 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 wil 1
cause a phase offset relative to the reference signal at point A. The
signal to be tracked is applied at point B. Uhen 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 1s

Aosin(~ot+Qo).

The reference signal from the principal clock at point A is

Apsin(~pt+Qp),

(135)

(136)

and the signal to be tracked at point B is

J-11O
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Atsin(~tt+9t). (137)

Therefore the output of the sum circuit at point C is

KApAosin((wp-~)t + (13p-co)) - KA#tsin((~p-wt)t + (5p-et)). (133!

In a well controlled communications system, the signal to be tracked
originating at the principal clock, has the same average frequency as
the principal clock that is applied as reference at point A so
that -p~-t . As shown earl ier, the control system will drive the input
to the Integrator at point C to zero so that

If the input level of the signals to the phase detectors are maintaine?
at the same level (or if ghase detectors that are insensitive to the

level of the input signal are used) and if under controlled conditions

sin(Qp-Qo) = sin(9D-9t) are both smaller than ?-/~ , then 90 = 6t and
the Oscii letor will track the desired signal . However, if either (’2.-90)
or (Qp-Et) exceeds * 1,/2 the oscillator might lock to art incorrect
“signal. This occurrence wi 11 be discussed in detail later. When the
desired signal to traci. is not available, the hold circuit is activated
maintaining the offset voltage input to the sum circuit at the last
value obtained orior to loss of sign?!. The oscillator is locked to the
reference signa”l from, the n?inci~a! cloct with a phase offset determine+
by the voltage output of the hold circuit until the signal again becomes
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 accompl ished, for example, when time Comparisons are
used instead of the phase comparisons of periodic signals. Perhaps the
most commonly applied me:hod is by passing the inputs to the phase
detectors through frequency 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 wt.ile sti; l maintaining e phase lock to the princip~l clock will
be exPla ined with reference to figure J-30 where the filters associated
with each phase detector are assumed to be included in the phase
detector to simpl !fy the diagram. The operation will be explained in
terms of the Out Puts of each of the phase detectors when a signal is
present.

-.. .- .
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FIGURE J-2!. Phased locked 100PS wit+ two phase detectors.
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The output of phase detector 1 is

88-115

-w Cos(l,)p-..t)t + (8 P-9 L).

The output of phase detector 2 is

‘AOAt sin{,,,p-,dt)t + (ap-9t),
-

The output of phase detector 3 is

-APAO
~“ ● (sP-et),cos(up-~, ,

(14n)

(141)

(142)

;nder ;ocied conditions, the average frequencies of - p , ‘t , and co
wiil be the same and any variations from these frequencies, can be
included ~n the v.?lueS CT 0. These frequencies will not be explicitly
written for the outputs of phase detectors 5 and 6. This will simplify
the no:s:i on.

The output of ohase detector 5

2
A+tAo

The output of phase detector 6
~

ApAtAo

s

sin(ep-et )cos(ep-eo) .

s

Cos

The outou:” of the sum circuit is

2
A7At&o

~ [sin(ec-et)cos

where

ep-Wtos(ep-60) .

‘ap-60) + Cos

sin(ep-et) ,

(144)

(145)

9p-et)sin(9p-tie)] , 146)

(147)

J-113
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FIGURE J-30. phased locked 100PS with six phase detectors.
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and

(148)
K? . h;A@o

c05(ap-et) ,

I and

1 K,
tan- — =sp-et + 180° .Q

(149)

The output of the sum circuit is ~ppl ied directly to the inte9ratO~.
When the system is phased locked, the input of the integrator is zero
and sin(QP-8t)-(6F-60) iS Zero. When Qt changes , a corresponding change
occurs ic 9.. k’hen the signal is lost, the last values of K1 and K2 are
maintained in the two hold circuits and the oscillator maint; ins a phase
lock with the reference but with a fixed offset determined by KI” and Kz.
Ui:h this circuit, St can be changed and an indefinite number of cycles
and 60 will follow it. However, when the signal is lost and K? and KZ
are ‘ixec!, Q. wil i remain phase locked to the reference with an .Offset
aetemnined by the last va]ue of (8p-8 ~).

Another method of extending the range of a subservient oscillator over
many cycles is closely related to the frequency division/phase method
described earlier, except instead of using a frequency divider and phase
detector, it uses a pseudo random generator end a cor?el ator. This has
the advantage of extending the ambiguity range while maintalnln9 the
,resolution ,of the original system, but it has the disadvantage of more
difficult initial .acquisition of phase lock.

J-115/116
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JITTER

This apwndix Conteins genera! information related to HIL-STD-188-1151
Appendix K iS not a mandatory part of this standard.
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output signal transitions. The ampl itude and frequency response “of
system timing. recovery circuits can also affect jitter. To a first
approximation, these circuits will remove Input jitter frequency
components outside thefr bandwidth and wil I pass or evefl amPl ify jitter
within their hands.

Pattern dependent jitter can result from fntersymbol interference caused
by system response misalignments or when timing recovery circuits are
required to process digital signals that contain periods of min{mal or
non-random signal transitions. Digital line codes that assure a more
random-like pattern activity are often used, in part, to minimize these
effects.

Another prevalent source of jitter termed wafting-time jitter arfses
when using c?rtain types of multiplexing-demultiplexl ng processes
employing p[llse-stuffing. Input channels 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 typ!cal multiplexed digital signal consists of a
number of channels that are TOM together into a single data stream.
Groups of t5ese bits are separated by overhead bits Inserted
periodically at :he multiplexer which contain synchronization
information, an indication of whether a pulse stuff occurred in
individual channels, and other functions such as error- detection and
auxiliary signaling channels. Pulse stuffing is accompl ished using
elastic stores in which the continuous channel input is written into a
buffer, or data stare, at the channel r~te and read out of the store at
the multiplexer channel rate into the TOM bit stream. Phase comparisons
between the inp,ut and output timing indicate if a stuff bit fs required.
This pulse stuff and its subsequent removal at the demultiplexer can
onl Y occur in certdin t{me slots which gtves rise to the term waltin9
time jitter to describe the jitter caused by this process. In most
systems, the r~tio of the actual stuff rate dictated by the channel
timing and multiplexer timing and the stuff opportunity rate dictated by
the overhead structure are not rational , and frequency components of
waiting time jitter can extend down to very low frequencies. This
jitter is usucillY within the bandwidth of system components and can
accumulate as systems are interconnected.

Other sources of jitter, such dS the inirinsic phase noise of
oscillators used as timing so!)r-ces and in timing recovery phase locked
loo Ps, also add to the overall signal jitter although these levels are
usually low.

The sources of jitter discttssed are important to consider and usually
occur in various d~gr?es in digital Systl?ms . They can, in their
extr~me , caIIse nerfornunce deqrzcl~t ions and ,nake error-free connections
between systems impossible.

40. 1.2 Jitter Colerance. Most sources of jitter can be defined and
usually controlled by proper system design, however, system components

I K-llq

Downloaded from http://www.everyspec.com



I
I

MI L-STD-188-115

,,,

must be able to tolerate these Jitter levels 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 iitter versus the fre~uency of the jitter. Frequency

components of input jitter greater than ‘the bandwidth of the timing
recovery system are not tracked, and acceptable input jitter variations
a-e usually restricted to one bit or less as ShOWn in the fi9ure.

Jl~ER (R
urn17 INTERVALS
OR 017s
PEAK To P.SAX h

\
TYPICUL!
27010

H1dHt FILTSR
29da;
CJECMESLOPE

-~’ ~
?,/10 Q

JITfES FSEWEU7

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

! ““”

The recovered 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 loop timing recovery circuits at their input are
showm in figure K-31.

For equipment that incorporates an elastic store for jitter reduction Or
:1ocK Smoothing, such .ss the demultiplexer C!sannel output previousl.v
discussed, the jitter tolerance takes a form similar to figure K-3?.
For this case the tolerance to input jitter is the 10Wer of the
tolerance of the input signal timing recovery circuit or the tolerance
of the very narrow phase locked loop of the elastic Store. The

tolerance of the elastic store’s loop is increased from 1 bit peak-to-
Deak at high jitter frequencies by the addition of dividers! which
Pe~tit the loop phase detector in the elastic store to tolerate greater
input phase excursions without losing lock.

i
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FIGURE K-32. Jitter tole?ance for eouioment with elastic store.

The exact characterization of jitter and its effect on performance in
digital communications systems is often difficult at best. particularly
when di fferent digital 1inks made of equipment from di fferent
manufacturers are interconnected. In this situation it is desirable to -
correlate perti nent jitter measurements wi th specific
parameters.

performance
The fol lowing measurements are useful in characterizing

jitter and asses sin~ i:s effects on perfonoance.

40. 1.3 Jitter measurements 9oth the magnitude and frequency content
0! ji :ter are Usuz:lv lmDor:ant when determining jitter tolerance
because Of the fre Quency dependent characteristics o; digital equipment.
CC ITT Recommendation C. Iii defines the level and frequency ranges for
jitter generating eauionent that are applicable to most SySteMS. Jitter
tolerance measurements using selected bit pattern sequences or SySteM-
generated signals are also useful to assess pattern dependency effects.

40. 1.6 Jitter ma~nitude. A measurement of peak-to-peak jitter iS
usefu I at the Input to equipment such .as demultiplexers and digital
switches that have a jitter tol erance that is flat over a broad
frequency range as 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
vsr if-v the extremes of ji:ter excursions on digital signals. The limits
of these measurements, to assure appl ication to most systems, are also

I
specified in CC ITT Recommendation 0.171.

I
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

I the threshold set relative to a particular system tolerance level .

K-121/122
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dix is to list loran C. OMEGA.Ii).1 Purpose The purpose of this app?
and V-smitting stations and time-signals emitted in the UTC
system.

10.2 Scone. This appendix gives lists @f transmitting stations and
time s-.

?0

Not

3@

Not

80

REFERENCED DOCUMENTS

applicable.

DEFINITIONS

applicable.

GE!tERAL REOUIREMFNTS

40.1 Loran C, OMEGA, and VLF transmitting stations.

40.1.1 Loran C transmitting stations (100 kHz)

Central Pacific (4990!

East

West

Johnston lsiand
Upolo Point, Hawaii
Kure, !4idway Island

Coast Canada (5!?30)
Caribou, Maine
Nantucket, Massachusetts
Cape Race, Newfoundland, Canada
Fox Harbour, Labrador, Canada

Coast Canada (5?q(?)
Uilliams Lake, British Columbia, Canada
Shoal Cove, Alaska
George, Washington
Port Hardy, British Colombia. Canada

Labrador Sea (7930)
FOX Harbour, Labrador, Canada
Cape Race. Newfoundland, Canada
Angissoq, Greenland

Gulf of Alaska (7960)
Tok, Alasaka
Narrow Cape, Ko,diak
Shoal Cove, Alaska

Island, Alaska

(

L-124
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Horw?gian Sea (797n)
Zjde Faeroe Islands, DOnmark
30, Norway
Syl t , Germany
~dndur, Iceland
Jan Mayen, Norway

Southeast uSA (?!?90)
Malone, Florida
Grangeville, Florida
Qaynondville, Texas
Jupiter, Florida
Carol ina Beach, North

Mediterranean Sea (?900)
Sell ia Marina, Italy.
Lamperi,jsa, Ital.v
K.argah#run, Turkey
=s tart it, Spain

Carol ina

Gr.?at ~FlkeS (.997n)
Dana, :ndiana

Malone, Florida
Sen?ca . New York
3a11det:?, !4innes0ta

!4est toast USA (9940)
Filloq. Nr?vada
Georye, k’ashington
!4idfiletown, California
Searcbl iq~t, qevaria

Northeast 1!S4 (qqfiO)
Seneca , flew York

Caribou, Maine
N~ntucket, %ssachusetts
Carolina Reach, North Carolina
Dana. Indiana

Northwes: ?acific (997C)
Iwo Jima, Jaoan
Narcus Island, Jaoan
Hokka idn , Japan
Gesas+i, O~.inatia, Japan
Yap Island, USA Trust
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Icelandic (9?80)
Sandur, Iceland
Angissoq. Greenland
Ejde, Faeroe Islands, Denmark

NDrth Pacific (??90)
s?. paul, Prihilof Islands, Alaska
Attu, Alaska
Port Clarence, Alaska
Narrow Cape, Kodiak Island, Alaska

40.].~ oMEGA transmitting Stati OV5. (Each station transmits fo,]r
navigation frequencies .. 10.?, 13.5, 11 1/3, and 11. C5 kHz. A fift$
freqllency, uniq,.j:to each station, is also transmitted. )

Kaneohe, Hawaii
Monrovia, Liberia
Alc!ra, Norway
La Reunion Island
Tsushima Island, Japan
Go! fo Nuevo, ArGentioa
Sale, Australi?
La Maure, Nort$ Oakota

lJnique frequency 11. q kH?
Uniq,je freouency 1?.0 kHz
Uniq,je frequency 1?. 1 kqz
Unique frequency 12.3 kHz
Uniwe frequency 1?.8 kHz
Uni quo frpquency 12.0 kHz
Llni we frequency 1 ~. n k+!:
Unioue frsa,lency 13.1 k~z

40.1.3 U.S. Nav.!’ \’LF communications stations.

17.4 kt!z, NDT, Yosami, J7~a~

21.4 kHz, NSS, Annapolis, Narylanfi
22.3 kH:, NWC, Exmouth, Australia
23. d kHz, NPN, Lualualei , Hawaii
24.0 kHz, NAA, Cutler, Mainq
24. S kliz, NLK, Jim Creek, 14eshington
28.5 kliz, MAU, Aguadil la, Puerto Rico

40.2 Time- sionals emitted in the uTC sv$tem. Table L-VII cantains
time-signals enitted in the UTC system.
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\

,tDp~NDJx M

TYCIC~L cHARAcT~R[sTI~s OF FREOUEN:Y SOURCES

This appendix contains general information related to HIL-STO-188-115.
ApDenc?ix Y is not a manda:ory part of this standard.
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MI L-STD-198-115 ~.

10 GENERAL

10.1 Purpose. The purpose of this appendix is to show the

characteristics of three different frequency sources.

10.2 Sco Oe. This appendix compares the three frequency sources in

tabular form.

20 REFERENCE DOCUMENTS

Not applicable.

30 OEFINITIONS

Not applicable.

do GENERAL RW.IIREMENTS

Table M-VIII gives the characteristics of three frequency sources.
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P!IL-STD-188-!15
\

TABLE M-VI 11. Characteristics of frequency SOu-~CeS.

KIKEIOF OSCILLATOR

RIJBIOIIM
CHARACTERISTICCS CRYSTAL CESIU4 US CELL

R2SiC RESONATOR FREQuENcY lG tHz TO 100 MHz 9,192,631,770 HZ 6,834 ,682 .6oe Hz

OUTPUT FREQuENCIES PROVIOfD 10 kHr TO 100 MHz 1. 5, 10 MHz 1. 5. 10 MHz
TVPICAL TYPICAL

RLSONATOG Q 102 10 106 ~@7 10 ]@8 I ,07

RCi,4Ti V[ FREOUENCY
STABILITY

5 : ,0-11 2 x 10-11
10-6 To 10-l? TO TO

SHORT-TERM , 1 SECONO 5 x 10-13 5 x 10-12

R~L~T]y~ ~~~~~N~y
sT~BiLI~~, 10-6 TO lCF~2 I ,0-1’3To ,0-1, ::10-12
‘.ONG-TETo! , I DS.Y 1

3 y. IO-13

PRINCIPAL CAUSSS OF AGIRG O? CRYSTAL,
LOKG-TERK INSTABILITY

CIMPUNENT LIGHT SOURC[ AGING,
AGINiiOf ELEC7- AGING FILTER & &As CELL
RONIC COMPONENTS, A61NG , ENY1 RON-
ENvIRONMENTAL MENTAL EFFECTS
EFFECTS

TIME FOR CLOCK TO e! IN 1 MEEK TO
ERROR 1 MICROSECOYkO 1 S TO 10 OAYS 1 NONTN 1 TO 10 OAYS

FRACTIONAL FREQuENCY NOT APPL ICABL[ 1 x 10-11 TO 1 x 10-10
REPRODUCIBILITY ?luST CALIBRATE 2 x 10-12

FRACTIONAL FREQUENCY 1 x 10-9 To
Dfll FT

5 x 10-13
i x 10-11 PER OAy

1 x 10-11
PER YEAR PER ~NTN

PRINCI~AL ENVIRONMENTAL
CFFECTS

rn~ION , TEMPERATURE , MAGNETIC FIELO, MAGNETIC F1 ELO ,
CRYSTAL ORIVE LEVEL .ACCEL~RATIONS, TEMPERATURE

TENPERfiTuRE CHANGE , ATHOS-
CHANGE PHERIC PRESSURE

t
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