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FOREWORD

1. Originally, Military Standard 188 (MIL-STD-188) covered technical
standards for tactical and long haul communications, but 1later evolved
through revisions (MIL-STD-188A, MIL-STD-188B) into a document applicable to
tactical communications only (MIL-STD-188C).

2. The Defense Communications Agency (DCA) published DTA Circulars (DCAC)
promulgating standards and engineering criteria appliceble to the long haul
Defense Communications System (DCS) and to the technical support of the
National Military Command System (NMCS).

3. As a result of a Joint Chiefs of Staff (JCS) action, standards for all
military communications are now being published in a MIL-STD-188 series of
documents. The MIL-STD-188 series is subdivided into a MIL-STD-188-100
series covering common standards for tactical and long haul communications, a
MIL-STD-188-200 series covering standards for tactical communications only,
and a MIL-STD-188-300 series covering standards for long haul communications
only. Emphasis is being placed on developing common standards for tactical
and long haul communications published in the MIL-S5TD-188-100 series.

4, This document contains electrical and functional characteristics of the
bk e Ve mnd cmad LaVammamd cnlédama A2mdda)l imtbnmfann Adummiicder anmmnldrahla ¢4A hath
unpaianCeéd and vairanCed voitage Gigita:r inieriade CirCuils appiitavi€ v olLn
long haul and tactical communications.

5. This document supersedes MIL-STD-188-114 which superseded subparagraph
4.3.1.3 of MIL-STD-188-100 and subparagraph 7.2.1 of MIL-STD-188C.
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IDENTIFICATION OF
INTERNATIONAL STANDARDIZATION AGREEMENT

Certain provisions of this document (see 4.7) are the subject of inter-
national standardization agreement QSTAG 594. When an amendment, revision,
or cancellation of this standard is proposed which will modify the inter-
national agreement concerned, the preparing activity will take appropriate
action through international standardization channels, including departmental
standardization offices to change the agreement or make other appropriate
accommodations.
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1. SCOPE

1.1 Purpose. This document specifies the electrical characteristics of
the unbalanced voltage ard the balanced voltage digital interface circuits,
normally implemented in integrated circuit (IC) technology. These circuits
shall be employed for the interchange of serial digital binary signals
between and among Data Terminal Equipment (DTE) ana Data Circuit Terminating
Equipment (DCE) or in any interconnection of binary signels between physi-
cally separated equipment, regardless of the type of information, such as
digitized voice or data, that is represented by the binary signals.

The technical parameters promulgated by this document represent, in
general, minimum interoperability and performance characteristics which may
be exceeded in order to satisfy specific requirements. Additional nonstan-
dard interface characteristics may also be implemented to satisfy specific
interoperability requirements, provided that a basic capabiiity exists to
interoperate with a standard interface as stated in this document.

This document does not specify other characteristics of the DTE/DCE
interface, such as signal cuality, and clock/data phase relaticnship, essen-
tial for satisfactory operation of the interconnected equipment. Those
standards are contained in MIL-STD-188-100 and MIL-STD-186-200.

1.2 Application. This document shall be used in the desigr, installation,
and operation of new communications facilities for both the long haul and
tactical systems. This document shall be applicable to data, timing or
clock, and control circuits employed at the interface between equipment where
the information being conveyed is in the form of binary signals at the direct
current (dc) baseband level. This document shall also be applicable to alarm
and control circuits that are nct directly related to data or timing.

This document shall apply to teletypewriters, data terminals, the dc
side of signal conversion equipment, both terminal and lire side of crypto-
graphic or cryptographic control equipment, digitized voice equipment, and
remotely operated equipment where the interface is at the dc baseband. This
document shall be applicable at all signaling rates regardiess of the type
of transmission medium used, e.g., a nominal 4 kilohertz (kHz) channel
derived by frequency division multiplexing (FDM), a nominal 48 kHz channel
derived by FDM, a channel derived by time division multiplexing (TDM), or a
fiber optic or metallic wire connection. Fiaure 1 depicts a block diagram of
¢ data terminal subsystem as an exampie to illustrate where the digital
interface applies. Figure 1 shows data and timing circuits but does not show
control circuits.

Fry or all of the equipment of the terminal subsystem may be integrated
and combined in & single piece of equipment. When combined ir. @ single piece
cf equipment, this document does not apply to internal equipment connections.

Information on the interrelationship of this document with FED-STD-
1020A, FED-STD-1030A and other low level digital interface standards is given
in Appendix D.
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This document does not apply tc digital transmission subsystems employ-
ing specialized ncn-binary waveforms for transmission. Standards for these
types of subsystems are under consideration and will be published in another
document of the MIL-STD-188 series.

It is not intended that existing equipment and facilities be immediately
converted to comply with the requirements of this document. New systems and
those svstems undergoing major modification or rehabilitation shall comply
with the standards contained in this document subject to the applicable

requirements of current procurement regulations.

1.3 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. Nonmandatory design objectives
are indicated by parentheses after a standardized parameter value or by the
word "should" in connection with the parameter value or requirement urder
consideration. For a definition of the terms "System Standard" anc "Design
Objective" see Federal Standard (FED-STD) 1037.
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2. REFERENCED DOCUMENTS

2.1 Government documents.

2 11 Star Unle . thn fn'llm.:-ing standards of

de
Coeded l NI e UL =)

U SS e
the issue of Ee Department of Defe

....... = E=ee

(DoDISS) specified in the solicitation form a part "of this standard to the
extent specified herein.

FED-STD-1037 Glossary of Telecommunication Terms

MIL-STD-188-100 Common Long Haul and Tactical Communication System
Technical Standards

MIL-STD-188-124 Grounding, Bonding and Shielding for Common Long
Haul/Tactical Communication Systems
MIL-STD-188-20C  System Design and Engineering Standards for
Tactical Communicatiors
2.1.2 Other Government documents and pub]ications The followina other
Government documents and publications form a part of this standard to the
extent specified herein.

NACSIM 5100, Compromising Emanations Laboratory Test Reauirements,
Electromagnetics (U)

~nrwan

Quadripartite Standardization Agreement (QSTAG)

QSTAG-594 Electrical Characteristics of Digital Interface
Circuits

(Copies of specifications, standards, handbooks, drawings, and publica-
tions required by contractors in connection with specific acquisition
functions should be obtained from the contracting activity or as direct-

Adlomm k€3 mnr

_d L.. Abae aaemd oaa .
€y Dy une conirac tiny UlllLCloJ

2.2 Order of precedence. In the event of a conflict between the text of

this standard and the references cited herein, the text of this standard
shall take precedence.
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3. DEFINITIONS

3.1 Definitions. Definition of terms used in this document shall be as

specified 1n FED-STL-1037.

3.2 Abbreviations and acronyms.
document are listed in Appendix B.

Abbreviations and acronyms used in this

5/6
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4, GENERAL REQUIREMENTS

4.1 Description of digital interface circuits. The interface circuits
consist of a generator connected by an interconnecting wire or cable to a
load. The load is comprised of one or more receivers and a termination
resistor, where applicable. The electrical characteristics of the digital
interface circuits are specified in terms of required voltage, current and
resistance values obtained from direct measurement of the generator and
receiver components. The generator characteristics for the unbalanced
voltage digital interface circuit are electrically different from the genera-

tor characteristics for the balanced voltage digital interface circuits,
wheareas the receiver characteristics are electrically identical for both the

Wi Cuo rvel UrUwibw! IJwives Wi wrTww W LS ]

unbalanced and the balanced voltage digital interface circuits. Guidance is
given in Appendix C concerning the characteristics of the interconnecting
wire or cable and with respect to limitations on signaling rates imposed by
the parameters of wire or cable length, balance, termination, and gereration
of near-end crosstaik, where appliicabie. Information on the interreiation
of this document with other low level digital interface standards is given in
Appendix D. The requirements for signal waveshaping, generally necessary to
reduce unbalanced circuit near-end crosstalk to adjacent circuits, are also
described. For the purpose of this document, the terms interface circuit and
interchange circuit are considered to be identical.

4,2 Description of functional interchange circuits. Functional inter-
change circuits are used to connect DTE and DCE for the purpose of exchanging

data and timing signals and to control the flow of information. Flow control

may be extended from one DTE through one or more DCE to another DTE on an
end-to-end basis by appropriate communications protocols. Functional inter-
change circuits may be subdivided into four general classes:

Data (send and receive)

Timing or clock (send and receive)

Control (including status, indicator and alarm),
Ground or common return.

Connectors, pin assignments and communications protocols are not stan-
dardized in this document.

4.3 Sigpa11gg rate range. The unbalanced voltage digital interface

circuit (see 5.1, can generally be utilized on data, timing or clock, and

control circuits where the signaling rate on these circuits is up to 100
kilobits per second (kb/s). The balanced voltage digital interface circuit
(see 5.2) can generally be utilized on data, timing or clock, and control
circuits where the signaling rate on these circuits is up to 10 megabits per
second (Mb/s). The terminated voltage digital interface circuit (see 5.3)
can generally be utilized on data, timing or clock, and control circuits
where the signaling rate on these circuits exceeds 10 Mb/s.
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Digital interface devices meeting the eiectrical characteristics of this

document need not operate over the entire signaling rate range indicated

above. The devices may be designed to operate over narrower ranges to more

economically satisty specific applications, particularl t the lower signal-
ing rates.

4.4 Selection of type of digital interface circuit. The choice of either

the balanced or the unbalanced voitage digital interface circuit is left to

the designer and depends upon the signaling rate, the distance between
generator and load, noise and grounding conditions, and other factors.

4.4,1 Types of balanced generators. Three different types of generators
may be used for the balanced voltage digital interface circuit. A1l three
types of balanced generators use the same type of receiver used with un-
balanced generators. The three types of balanced generators are as follows:

vy G LV pees Vi SLCICQNSSS e SV

The type 1 generator has an offset voltage of not more than 0.4 volts
end is intended to be used for balanced interfaces operating at signaling

rates below 100 kb/s. The low offset voltage is necessary for interoperabil-
ity with older military digital equipment. (See 4.5.) The type I generator
corresponds to the original MIL-STD-188-114 balanced generator.

The type 1l generator has an offset voltage of up to three volts and

corresponds to the FED-STD-1020A and EIA RS-422A balanced generators. The
type 11 generator s 1ntended to be used for balanced interfaces operating at
signaling rates between 100 kb/s and 10 Mb/s where no interoperability

requirements with older military digital equipment is expected to exist.

The type IIl generator is a new terminated voltage generator and is
intended to be used for balanced voltage digital interface circuits operating
at signaling rates over 10 Mb/s.

4.4.2 Use of balanced voltage digital interface circuit. While the
......... oltage digital interface circuit is intended for use at higher

balanced vol ]
signaling rates than the unbalanced voltage digit tal interface circuit, the
general use of the balanced voltage digital interface circuit is recom-
mended where any of the following conditions prevail:

P

a.

b. The interconnecting wire or cable is exposed to extraneous noise
sources that may cause an unwanted vo]tage in excess of plus or
minus one volt measured differentialiy between the signal conductor
and circuit common ground at the load end of the wire or cable with
a 50-ohm resistor substituted for the generator.

c. It is necessary to minimize interference with other signals.

e’
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d. Inversion of signal sense of the transmitted signal may be re-
quired, e.g., plus MARK to minus MARK may be obtained by invertin
the wire or cable pair of the balanced generator. (See Figure 29.

4.4.3 Use of balanced and unbalanced voltage digital interface circuits.
The parameter values for the generator and load components of the interface
are designed such that balanced and unbalanced voltage digital interface
circuit connections may be carried in the same cable. For example, the
balarced voltage digital interface circuits may be used for data and timing
while the unbalanced voltage digital interface circuits may be used for
control functions operating with lower signaling rates than the data and
timing circuits.

4.5 Relationship with other digital interface standards. The parameter

values of FED-STD-1020A and FED-STD-1030A with the exception of the
balanced generator offset voltage Vos (see 5.2.1.4) of the type I generator.

This deviation is considered essential for interfaces operating at signaling
rates below 1CC kb/s, in order to ensure compatibility and direct interoper-
ability between new equipment designed in accordance with this document and
equipment currently in the inventory designed in accordance with previous
standards of the MIL-STD-188 series. The term “direct interoperability”
should be understood to mean that no modification of low level digital
interface equipment is required and no additional device is needed for
satisfactory exchange of information between older and new low level digital
interface equipment.

. .
1 Ly -Ye T b ]

The type Il gererators are intended for interfaces operating at signal-
ing rates between 100 kb/s and 10 Mb/s, which are not expected tc interface
with older equipment designed in accordance with previous standards of the
MIL-STD-188 series. The 0.4 volts offset voltage specified in this document
for the type ] generator is a more stringent subset and falls completely
within the specifications of FED-STD-1020A.

4.6 Grounding requirements. Grounding of digital interface circuits shall
comply with the applicable requirements of the current edition of MIL-STD-
188-124.

4.7 Interopercbility requirements cf ABCA Armies. The electrical charac-
teristice for binary signals at an interface for the exchange of digital
information among American, British, Canadian and Austrialian (ABCA) Armies
or Forces shall comply with the applicable requirements of the current
edition of QSTAG 594.

NATE . Tha wennivamante of +hic Anriumant arn ramnatihla with the renuirementc
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4.8 Compromising emanations (TEMPEST) requirements. Digital interface
circuits requiring TEMPEST protection shall comply with the applicable
requirements of the current edition of the NACSIM 5100 series.

10
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anced voltage digital interface circuit. The unbalanced voltage

Jed Ui an

digital” interface circuit 1s shown in Figure 2. The circuit consists of
three parts: the generator (G), the interconnecting wire or cable, ‘and the

load. The load consists of one or more receivers (R)‘(Séé 5.1.3.4). The
electrical characteristics of the generator and the receiver are sqeczfaed in
terms of direct electrical measurements. Guidance is provided in 30.3 of
Appendix C regarding the electrical and physical characteristics of the
interconnecting wire or cable.
! i INTER- i !
< GENERATOR =31 <t CONNECTING > LOAD ==
| | WIREORCABLE | [ !
) ! | [ <€ RECEIVER ——3>|
1 | i 1 |
EoNG | | I i
i i i
I | |
N 2! SIGNAL 1A N
— & >0 ——1{
yd «!, CONDUCTOR | N\
oiy 19
| a
)5 M R >_
d EI'_'z_' -‘;E J/
| V| TSIGNALCOMMON R yd
T c':'w\asruau e I vd
= T Vg R | | - 70
! . ADDITIONAL
= py  RECEIVERS,
%C' IF REQUIRE
i (SEE 5.1.3.4)
LEGEND

A
”~
C - GENERATOR CIRCUIT GROUND
A', B' - LOADINTERFACE POINTS

C' - LOAD CIRCUIT GROUND

inbalanced voltage digital interface circuit.
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5.1.1 Generator characteristics. The electrical characteristics of tle
unbalanced generator are specified in accordance with measurements illus-
-trated in Fioures 3 through 6 and described in 5.1.1.1 through 5.1.1.9.

The measurements are under static cond1§1ons, whereas measurements under
dynamic conditiens are not standardized. A generator meeting these reauire-
b ]

ments resulits in a low impedance (50 ohms or less) unbalanced voltage scurce
that will produce a voltage applied to the interconnecting wire or cable in

the range of 4 volts to 6 volts.

5.1.1.1 Signal sense. The signal sense of the generator output voltages

appear1ng across the interconnecting wire or cable (see Figure 2) shall be as
shown in Tabie I.

TABLE 1. Signal sense for unbalanced generators.
VOLTAGE POLARITY DATA TIMING CCNTROL and ALARM
(See Figure 2)
Point A negative with 1 cr MARK OFF (Q JIESCENT’ QFF
respect to point C
Point A positive with 0 or SPACE | ON (ACTIVE) ON

respect to point C

NOTE: The MARK and SPACE states for telegraphy and data transmission have
been changed from positive MARK and negative SPACE (MIL-STD-188-100, subpara-
graph 4.3.1.5) to negative MARK and positive SPACE. It is not intended that
existing equipment and facilities be converted to the negative MARK/positive

SPACE states unless a major facility modification or rehabilitation is plan-

ned and such conversion could be accommodated during that work. It is, how-

ever, intended that new procurement of equipment and fac111t1es will 1nsure
that a provision for negative anc positive MARK is accommodated. This does
not mean that negative MARK will necessarily be implemented immediately sim-
ply because the equ1pment or fac111ty is new. This gu1dance is only intended
to mean that new equ1pment or Tac1|1t1es will be purchased with the positive
ard negative MARK capability and the facilities engineeri
agency will be expected to make the necessary decisions to cha

sca

MARK on a case by case basis, subject to cperational and fi

5.1.1.2 Signaling rate range. Nc* standardized. (See Appendix C)

5.1.1.3 Open-c
ni

. measurement. (See Fig
tate, the magni he sur

ie voitage

w

then 4 volts nor more than © volts. For tne opp ite
polarity of v, shall be reversed (Vo).

[o
~N

o
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TO +6V

Unbalanced generator parameter measurements.
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5.1.1.4 Test termination measurement. (See Figure 3.) With a test load
of 450 ohms =1 percent connected between the generator output terminal A and
generator circuit ground (terminal C), the magnitude of the vcltage (Vt) mea -
sured between the generator output terminal A and generator circuit ground
{(terminal C) shall not be less than 90 percent of the magnitude of Vc for one
binary state. For the opposite binary state, the polarity of V_ shall be
reversed (Vt) and Vt shall not be less than 90 percent of the magnitude of

O

NOTE: A nominal voltage waveform for alternating binary statec is shown in
Figure 4. This waveform is intended to represent a typical unbalanced gener-
ator output signal, such as displayed on an oscilloscope.

AN

N
/

) >

i
—
I

'/_{ o—aeb j -5V
= c

LEGEND: V; = 5V (ASSUMED VALUE)

FIGURE 4. Nominal waveform of unbalanced generator.
c 11 ¢ Chprwmée ,rimmiisd maoaciimamant {Can Fimnwa 2\ (WS tha gansrator
Dedode9 QT L=CITLUIL nmeEcurciiiciiv, \9EC T Iyuic J., Vil Liic youniauul
output terminal A short-circuited tc generator circuit grcund (terminal C),
the magnitude of the current IS flowing through the genera‘er output terminal
A cba11l nAt avrand 18N milliamnarac (mA)Y $nr oither hinarv ctate
A SHdil TIUL CALECU 4dJU i1 11GHpPT I TS () TUI Tt Linainy osuvhic.

5.1.1.6 Power-off measurement. (See Figure 3.) Under power-off condi-
tions, the magnitude of the generator output leakage current (I ), with a

14
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5.1.1.7 Output signal waveform. (See Figure 5.) During transitions of
the generator outout between a1ternat1ng binary states (one -2ero-one-zero,
etc.), the signal measured across a 450 ‘ohms :1 percent test load connected
between the generator output terminal A and generator circuit ground (term1-
nal C) shall be such that tne v01tage monoton1ca|ly changes between 0.1 and

N 0 £ b VPR & SN Py T e e
U.J U1 VSS. inerearnLer, I."e bIglldl VUlLdyl‘.' blldll "ot vary more Llld" iv per-=

cent of V__ from the steady state value, until the next binary transition
t no time shall the instantaneous magnitude of V, or V, exceed 6

S
occurs, and

a
t t
vnlte nar ha lacc +han 2 6§ vnlte v ic dafined as the voltaage difference
TV I oy i L A= LI s B~ wiIAYY e W i W 'SS - - LA - i v . !-us NI VIIC QML
between the two terminated steady state values Vt and Vt of the generator
PYIE 2.1 4
Output.

5.1.1.8 Output signal waveshaping. (See Figure 5.) Waveshaping of the
generator output s1gna1 shall be employed to control the level of interfer-
ence (near-end crosstalk) that may be coupled to adjacent circuits in an

interconnection. The rise time tr of the signal shall be controlled to
ensure that the signal reaches 0.9 V__ between 0.1 and 0.3 of the unit

"~ e

S
interval (tb) at the maximum signaling rate. Below 1 kb/s, tr shall be
[ S VAN 2 o o A amAd AMA 2 oo 2 L. —_al_ 4 2 e amemcs S P I R
petweéen 1uUu microseconas anag ouu microseconas. ine mewnou o1 proviuing une
wavachanina 1¢ nné ctandardisad hiré avamnlae ava Aaivan in Nata halnw
WavesSnaping i35 NOLT StwdfnlarGiZel, OULl CTRAMPITS @it Hrvoi i WU 5, OCIOW.

NOTE 1: The near-end crosstalk is a function of both rise time and wire or
cable length (see 30.3.5 of Appendix C) and, therefore, in establishing the
standard for waveshaping, both of these characteristics have been considered.

NOTE 2: If a generator is to operate over a range of signaling rates and em-
nlave a2 Fivad amAaiint nf wavachanina whie maote the ctandard far tha mayimn

PIU -~ “ P 1ACN Quivdan . i "O'CJI!“’JI'IS Wil Y0 e v il w LUITWVUE W T\ il SEIRA /N J VRNV
signaling rate of the operating range, the waveshaping is nsidered adequate

for all lesser 1gﬁa11ng rates and ehuai or lesser cable lengths recommended
for the maximum signaling rate in Figure 18 of Appendix C, even though this
may result in a rise time less than 0.1 tb for the actual operating rate.

AMATE 2. L o R fimrsm o mbem o s e cammmmeaddabad Lo mommmem Y matdbhaw k..
NI o, e requn‘e wavesrnaping may vt atClompiidiiea, 10r €xaiipie, eilner Ly
nravidin a low wvata c~antrn in the nanavatar ar hy incarting an RC filter
P‘ VY I A= icw L] u\-c UL v mn birG sc";' @ LV A Al VJ LR =L =4) b'lla e Nw LA B 4 = )
at the i i

ni
<
-]
—
W
o
o
n

€
generator interface point. A combination of these methods m

LR --—v | s

emp]oyed. Care should be taken to prevent “oscillations which may ‘be caused
by slew rate control circuitry. The designer is cautioned that the use of
internal generator waveshaping controls provided by some manufacturers may

give rise to instability during generator transitions. Measured results of
this instability have revealed burst osciilations in the gigahertz (GHz) fre-
quency range which can cause faulty egquipment operation. For this reason,
until a solution has been found, the preferred waveshaping technique is the
external RC network. An example of the RC filter method is shown in Figure
6. Typical values of capacitance Cw. with the value of Ri selected so that
D nliue tho mutniit roacictanra nf +ha nanaratnr ¢ annravimataly &0 ahme +hat
l’\w VIUJ LoLA A~ UULPUL TCarlaLUuriive wi I SCHCI u LV L= UPPI VA TIHTA ve IJ [SAS AR RN LLIP BN LITU
15
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! | b VNS LTy
| | | | | ]
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€ b - —}i t '4— -—»:t, iﬂ—-
8 []
i i ’ N
' (| I
LEGEND: R, = 450 ohms ¢ 1 PERCENT ty = UNITINTERVAL
V! = 1V = T'l_‘l t = 100 u TO 300 us WHEN ty, = 1ms
V;, = DIFFERENCEIN STEADY STATE VOLTAGES | & s 0.7ty TO 0.3 {p WHENp < T M3

FIGURE 5. Unbalanced generator output signal waveform.

may be employed with typical twisted pair cable are also given. These values
apply for opcrat:ng distances from =zerc toc that shown by the curve in
Figure 18 of Appendix C for the applicable s1unal1n0 rate. where generators

LA =] o

are driving clock leads, the same waveshaping des1gn may be emp]oyed as used
on the associated data leads. if the clock signaling rate is directly re-
lated tc the data signaling rate, one half of the period of the clock should
be used in lieu of t to determine rise time. (See also subparagraph 4.3.1.6

sf MIL-STD-188-100 arnd subparagruph 5.3.6 of MIL-STD-188-200).

16
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FIGURE 6. Example method Tor waveshaping of unbalanced voltage digital
Jnterface circuit.

5.1.1.9 High impedance output state. The generator output should be per-
mitted to assume a nign impedance state, if required for muitipie generator
hite Anaratinn 1€ a hin smnadanra etatn se dimnlamanéad tha Anrdmiid ualédama
PUS VUpTT ULV 41 U Iyl NPT UdiILeT 20LEB LT 19 TP ITHITIILTUy  LIIT UULPUL YuUiI Layvc
shall be nominally zero for the high impedance state when measured with 2
test termination as stated in 5.1.1.4.

5.1.2 MWire or cable characteristics. Not standardized.
N r. NisAdali;mae ~ Swma mvm ~ahTa Ahamamdanmteoddan - amm -l s 2 - aNn 49 &
VI GuUiuT I TITY Uil Wi Ul Lavie Lnaraciei i15dDLiLY> are ylvcu [R 1} SJU.9 0U1T

Appendix C.

5.1.3 Load characteristics. The load consists of one or more receivers
(R) as shown in Fzgure 2. The electrical characteristics of a single re-
ceiver without faii safe provision are specified in terms of the measurements
illustrated in Figures 7 through 9 and described in 5.1.3.1 through 5.1.3.3.

A device meeting theee requ 11 ramant aeu1+ in a Aif€amantial maraduns havin
g 1SS aivierentia

-

troincre g réSu iits in a IC\'CIVCI hGVlllu
a high input impecance 4000 ohms nr more), a small input threshold transi-
tion region between -0.2 volts and +0.2 volts. and allowance for an internal
bias voltage not to exceed 3 volts in magnitude. Multiple receivers and a
prov1s1or for fail safe operat1on for spec1f1c applications are allowed in

the ioad within the Timi 5.1.3.6. The receiver used in

ﬂ
H
-,
.O
- =3
m
wn
'U
4]
0
—
-’.
R
1]
(=
.a
o
-3

e Tama - - N NN PR S 2a_ _ _ . Iy
the 1oad for the unbalan Led voltage digital interface circuit is eleCtmcaHy
idontiral +tn + a raratvor far +tha Raldanrcrad uAldanna Adntsdtal Tntamfann ~dwmas:
.u;u‘..\,\..- LU LI T ewe Yol TUT LIIT L gLty vyl Laycoc uiygitar inverrace \.HLUILb
stated in 5.2 and 5.3.
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volts {(grounded), the resultant input current L
remain within the shaded region shown in the graph in Figure

v

(

8 Thpcp mpacurpmnnfc shall be made with the power :nnn]v (or su n]ies) of
t

5.1.3.2 Receijver input sensitivity measurement. (See Figure 8.) Over an
entire common mode voltage (ch7 range of -/ voits to +7 volts, the receiver

shall require a differential input voltage V. of not more than 200 millivolts

(mV) to correctly assume the intended binary state. The common mode voltage
v is defined as the algebraic mean of the two voltages appearing at the

C

receiver input terminals A' and B' with respect to the receiver circuit
ground C'. Reversing the polarity of Vi shall cause the receiver to assume
+ha AnnAncita hinarmy etatan Tha raralIuvar Se wanisvrard 4+4A maintain -~ nnr#
Lnc UPPU)lLC UlllU'J S LA LT . 1nc 1CeCiIvee ra TfeyuiIsrcwu [ 9] ma iriva it LUTTTOLL
gperafinn for differential input signal voltages ranging between 200 mV and 6

volts in magnitude. The max imum vo]taqe (signal plus common mode) present
between either receiver input terminal and receiver circuit ground shall not
exceed 10 volts in magnitude and shall not cause the receiver to operation-
ally fail. Addlt1onally, the rece1ver shall tolerate the conditions speci-

£ md 2 1 e Y TN

fied in 5.1.5 without Ueirg damaged.

NOTE: Designers of terminating hardware should be aware that slow signal
tranSItlons wvth noise present may give rise to instability or osc111atory
conditions in the receiver and, therefore, appropriate techniques should be
implemented to prevent such behav1or. For example, adequate hysteresis may
be incorporated into the receiver to prevent such conditions.

ce measurement. (See Figure 9. ) The balance

VI BT Wil Ve Avwe ¢ iTgwtr = ey e WRIREIIES

urrent characteristics and bias voltages shall

0 e receiver input volgage C
be such that the receiver will remain in the intended binary state when a
differential voltage (V,) of 400 mV is applied through resistors of 500 ohms
+]1 percent to each input terminal A' and B', as shown in Figure 9, and vcm is
R Y L P SRy Y e Vde ad 1T -~ da Lilhmw &ha mnalamde, ~F de mavamend
varieag oeitween =/ vOILlS anu T/ VOIL>. WwWIEN wne puilaricvy vl "i I3 reverseu,
the opposite binary state shall be maintained under the same conditions.
C 1 1 & .. Y d Ve ammmsi:msaem Mot sdamdawmddand
Delsd. 4 nunuple e(.ewerb. NULV Stainivaruiseu.
NOTE: The sz,vf up to ten receivers in the load may be optionally employed.
However, extreme caution must be exercised to avoid performance degradation

due to s1qna1 reflections from stub lines emanating from the load interface
point to the receivers. See 5.1.3.6 for limits on total load resistance and

sensitivity.
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FIGURE 7. Receiver input current-voltage measurement.
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FIGURE 8.

Receiver input sensitivity measurement.
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V; = 400 mV

R, = 5000hms, *+1PERCENT
FIGURE 9. Receiver input balance measurement.
5.1.3.5 Fail safe operation, Where a fail safe is required, a provision
shall be incorporated in the load to provide a steady binary condition

(either MARK or SPACE as required by the app11cat1on) to protect against cer-
tain fault conditions.

NOTE: The method of providing fail safe is not standardized. An example of
fail safe operation is given in 30.5.1 of Appendix C.
5.1.3.6 Total load characteristic limits. The total load including multi-

ple receivers and fail safe provisions shall have a resistance greater than
400 ohms between its input p01nts (terminals A' and B' of F1gure 2) and shall

requ1re a differential input tage of not more than 200 mV for all re-
ceivers to assume the intended biﬁa*y state.

5.1.4 Operational constraints. An unbalanced voltage digital interface
circuit conform1no to 5.1 will perform satisfactorily at s1gna11ng rates up
to 100 kb/s providing that the following operational constraints are simul-
taneously satisfied:

a. The

receiver is less than 4 volts
is defined to be any uncompen-
ground potentwau a1r-

), an lonquuumuu_y

voltage at the

mode voltage
of generator-receiver1|
offset voltage \v

common mode
The common
sated combination
ference, the generator

coupled peak random noise voltage mea5ured between the receiver
circuit ground and the wire or cable with the generator ends of the
wire or cable short-circuited to ground.

b. The
(peak).

{

N’
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U‘l

\.

c. The amplitude of the received signal is at least 0.2 volts
greater than the total peak ncise between the sijnal conductor and
common return at the load interface point, with a 50-ohm resistor
substituted for the generator (and waveshaping network, if used) at

the generator interface point.

NNTE Cava ehanild ha +aban whan nawar far dietant raraivare 3¢ cuunnlisd in
v L war e SV I ve LURGI WHTH pU"cl L ¥ 2} wid WUV tevLivYWl! O L~ JUPPI A= ) ey
the same or in adjacent conductors as used for data, clock or control sig-
nals, in order to avoid performance degradation that may be caused by power
supply surges and spurious voltage tiansients.

5.1.5 Circuit protection. Interface (ircuit protection shall be provided
such that any generator or receiver, under either the power-on or the power-
off condition, shall not be damaged by occurrence of any of the following
conditions:

a. Voltage magnitudes of 12 volts (Design Objective: 25 volts) on
the receiver leads.

c. Crossing of the 1leads with any other physical leads of the inter-
face circuit.

P W S L _falb o ... L_al £ o e mmmacmdaia mta mmmmmtiiase Jaasds
a. Upemng OT eiwner or oboun or1 E generaitor or recciver jcaus.
e Whenever the generator or receiver is to be connected by a metallic

circuit d1rect1y to pairs of an outside plant cable, additional
protective circuitry shall be provided to protect the generator and
receiver aga1nst the spurious voltage transients and power surges
commoniy experienced across a cabie pair or between either conduc-

PP mabhla madew amd memazim ha mumadandsuan A3mans by ehall ke
tor O7 a Cavié pa1r anda gruunu. e ProceiLive CirLuiviy JSiaind oc
adequate to ensure +hat +ha aeneratar ar receiver will not be

WU L. v iUl & Wit » wiie HWeiivi W vV v VW v Ll v.-
damaged by the appearance across the cable pair or between either
conductor and ground, of

(1) a voltage transient of up to 1000 volts peak with a 5 micro-
second rise time and decaying to 50 percent of peak ‘ritage in

P YRy Yol

DUU "I]Lf‘U)ELD"U), dl’lU

(2) a voltage transient of up to 350 volts peak with a 10 micro-
second rise time and deca caying to 50 perc cent of peak voltage in

2000 microseconds.

NOTE: The faults or conditions listed in 5.1.5 may cause the power dissipa-

2 _ _ & _ _ a4 _ __ Al . a
tion in the interface aev1ces to approach the maximum power dissipation that
wmai: ha éalawmadad b a disendna Tr manmnboms Te <o thamafama rantbinnad +that
May bt Lvieraitey vy a L]pl\.dl 1L pacirayre, IL 1S JEreiure cautiuiicy wiiac
whoere multinle generators or receivers are {imnlunenied in a single IC pack-
wir LA = w0 I-IP L ~4 SGVICI YUyl 2 i v I Vel 4 “y - I"l'll\-lu\.llb\-\- v - LA | - - r
age, only one such fault or condition per package may be tolerated at one
time without damage occurring to the IC package.
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5.2 Balanced voltage digital interface circuit. The balanced voltage
digital interrace circuit is shown in Figure 10. The circuit consists of
three parts: the generator (G) which may be a type I or a type 1l generator

(see 4.4.1), the balanced interconnecting wire or cable, and the load. The
load consists of one or more receivers (R) (see 5.2.3.4) and an optional wire
or cable termination resistance (R ). The electrical characteristics of the

generator and the receiver are snec1f1ed in terms of direct electrical mea-

surements. Guidance is prov1ded in 30.3 of Appendix C regarding the electri-
cal and physical characteristics of the interconnecting wire or cable.

5.2.1 Generator characteristics. The electrical characteristics of the
balanced generator are specified in accordance with measurements illustrated
in Figures 11, 12 and 13 and described in 5.2.1.1 through 5.2.1.8. The

character1st1cs apply to both type 1 and type Il generators (see 4.4.1)
unless otherwise stated in the applicable subparagraph. The measurements are
under static conditions, whereas measurements under dynamic conditions are
not standardized. A generator meeting these requirements results in a low

impedance {100 ohms or less) balanced vc’*age source that will produce e
differential voltage applied to the interconnecting wire or cable in the
range of 2 volts to 6 volts.

5.2.1.1 Signal sense. The s1gna] sense of the generat or ou tput voltages
appear1ng across tne interconnecting wire or cabie (see Figure 10) shall be
as shown in Table II. (See Note of 5.1.1.1.)

TABLE II. Signal sense for balanced generators

VOLTAGE POLARITY DATA TIMING CONTROL and ALARM
(See Figures 10 and 14)
Point A negative with 1 or MARK OFF (QUIESCENT) OFF
respect to point B
Point A negat1ve with 0 or SPACE ON (ACTIVE) ON
respect to point B

5.2.1.2 Signaling rate range. Not standardized. (See 4.3.)

5.2.1.3 Open-circuit measurement. (See Figure 11.) For either binary
state, the magnitude of the differential open-circuit voltage (Vo) measured
between the generator output terminals A and B shall not be less than 4 voits
nor more than 6 VOItS. For type I generator the magnitudes of the open-
circuit voltages V . and V measured between the generator output terminals
A or B and the generator circuit ground (terminal C) shall not be less than 2
voits nor more than 3 voits. For type Ii generators, the magnitudes of the

22
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FIGURE 11. Balanced generator parameter measurements.
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open-circuit voltages VOa and vob measured between the generator output ter-
minals A or B and the generator circuit ground (terminal C) shall not be more
than 6 volts.

5.2.1.4 Test termination measurement. (See Figure 11.) With a test load
of two resistors, 50 ohms *1 percent each, connected in series between the
generator output terminals A and B, the magnitude of the differential voltage
V., measured between the output terminals A and B shall not be less than one-

hzlf of the absolute value of VO (see 5.2.1.3). For the opposite binary
state the polarity of V. shall be reversed (Vt). The magnitude of the dif-
¢ and Vt shall not be more than 0.4 volts.
The magnitude of the difference of vos for one binary state and VOS for the

opposite binary state shall not be more than 0.4 volts. For type I generators

ference of the absolute values of V

(see 4.4.1), the magnitude of the generator offset voltage vos measured be-

tween the center point of the test load and generator circuit ground {termi-
nal C) shall not be more than 0.4 volts for either binary state. For type Il
generators (see 4.4.1), the magnitude of the generator offset voltage V

shall not be mcre thar 3 volts for either binary state. 0s

NOTE: Nominal voltage waveforms for alternating binary states are shown in
Figure 12 for type ! and type Il generators (see 4.4.1). These waveforms are
intended to represent a typical balanced generator output signal, such as
displayed on an oscilloscope.

5.2.1.5 Short-circuit measurement, (See Figure 12.) With the generator
output terminals A and B short-circuited to generator circuit ground (termi-
nal C), the magnitudes of the currents flowing through each generator output
terminal shall not exceed 150 mA for either binary state.

5.2.1.6 Power-off measurement. (See Figure 12.) Under power-off condi-
tions, the magnitude of the generator output leakage current Ixa and be
shall not exceed 100 microamperes with a voltage Vx applied between each

generator output terminal A or B and generator circuit ground (terminal C).
For type I generators (see 4.4.1) the terminal AC/BC voltages Vx shall range

between +6 volts and -6 volts, and for type Il generators the terminal AC/BC
voltages V, shall range between +6 volts and -0.25 volts.

5.2.1.7 Output signal waveform. (See Figure 13.) During transitions of
the generator output between alternating binary states (one-zero-one-zero,
etc.), the differential signal measured across a 100 ohms *10 percent test
load connected between the generator output terminals A and B shall be such
that the voltage monotonically changes between 0.1 and 0.9 of Vss within 0.1
of the unit interval t, or 20 nanoseconds (ns), whichever is greater. There-

after, the signal voltage shall not vary more than 10 percent of V__ from the
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shall the instantaneous magnitude of V, or Vt exceed 6 vclts, nor be less
than 2 volt V__ is defined as the voltage difference between the two ter-

33
minated steady state values (Vt and V,) of the generator output.
15

NOTE: The Tower 1imit of the risetime tr is not standardized. The upper
limit of the risetime t_ is either 0.1 of the unit interval tb or 20 ns,
whichever is greater.

5.2.1.8 High impedance output state. The generator output should be per-
mitted to assume a high impedance sf_atpi if required for mu 1tiple generator

lﬂ ]

bus operation. CIf a h1gh'1mpe ance state is implemented the outBut voltage
shall be nominally zero for the high impedance state when measured with a
test termination as stated in 5.2.1.4.

c n - [ cam msa e i~ mbhawmamd At rd e -~ - - -
5.2.2 Wire or cable characteristics. Not standa

Note: Guidelines on wire or cable characteristics are given in 30.3 of
Appendix C.

5.2.3 Load characteristics. The Toad consists of one or more receivers
(R) and an optional wire or cable termination resistance (Rt) as shown in
Figure 10. Guidelines on the need for a wire or cable termination resistance

are g1ven in 30.4 of Appendix C. The electrical characteristics of a 51ﬁg|c
receiver without optional wire or cable termination and fail safe provision

are specified in terms of the measurements illustrated in Figures 7 through 9

Broe JpevirICw ) TGS W’! willer: v THY W @ e =

and described in 5.1.3.1 through 5.1.3.3. A device meet1ng these require-
ments results in a differential receiver having a high input impedance (4000
ohms or more), a small input threshold transition region between -0.2 volts

and +0.2 volts, and allowance for an internal bias voltage not to exceed 3
volts in magnitude. Multiple receivers and a provision for fail safe opera-
tign for Specific app]icat}ons are allowed in the lpad within the limitations
specified in 5.2.3.6. The receiver used in the load for the balanced voltage

digital interface circuit is electrically identical to the receiver for the
unbalanced voltage digital interface circuit stated in 5.1 and for the termi-
nated voltage digital interface circuit stated in 5.3.

wn
(o
w
—

5.2.3.2 Receiver input sensitivity measurement. Same as 5.1.3.Z2.

Recejver input balance measurement. Same as 5.1.3.3.

3
5.2.3.4 Multiple receivers. Not standardized.

NOTE: The use of up to ten receivers in the load may be optionally employed.
Extreme caution must be exercised to avoid Derformance degradatlon ‘due to
signal reflections from stub lines emanating from the load interface point to
the receivers. See 5.2.3.6 for limits on total load resistance and sensitiv-

ity.
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5.2.3.6 Total load characteristic limits. The total load, including mul-
tiple receivers, fail-safe provisions, and wire or cable termination (if
implemented), shall have a resistance greater than 120 ohms between its

input points (terminais A' and B' of Figure 10) and shall requ1re a differen-
tial input voltage of not more than 200 mV for all receivers to assume the

intended binary state.

5.2.3.7 Wire or cable termination resistance. Not standardized.

NOTE: The use of a wire or cable termination resistance (Rt) is optional,

depending upon the specific environment in which the interface circuit is
employed. See 5.2.3.6 for limits on total load re51stance and 30.4 of Appen-
i n

dix C for guidelines on the need for a wire or cabie termination resistance.

£.2.4 Operational constraints A balanced voltage digital interface cir-

Ceke T i AR R A AL v e v whliGiive s T vl g eLs

cuit conforming to 5.2 will perform satisfactorily at sign a11ng rates up to
10 Mb/s providing that the following operational constraints are simultane-
ously satisfied:

a. The interconnecting wire or cable length is within that recom-
mended for the applicable signaling rate indicated in 30.3.6 of
Appendix C, and the wire or cable is appropriately terminated.

b. The common mode voltage at the receiver is less than 7 vo]ts

combination of generator-receiver ground potential difference, the
generator offset voltage V ., and longitudinally coupled peak ran-
dom noise voltage measured between the receiver circuit ground and
the wire or cable with the generator ends of the wire or cable
short-circuited to ground.

NOTE 1: The use of type Il generators with up to 3 volts of offset voltage
will reduce the common mode noise protection margin by an amount proportional
to the vaiue of the offset voltage.

NOTE 2: Care should be taken when power for distant receivers is supplied in
the same or in adjacent conductors as used for data, clock or control sig-

nals, in order to avoid performance degradation that may be caused by power
supply surges and spurious voltage transients.

N
(Yol


http://www.abbottaerospace.com/technical-library

[
o]

n

g Civruid rantartinn Camoe ac § 1 &
= WV " . TVVGE W v -~ L= - - - -> -

5.3 Terminated voltage digital interface circuit. The terminated voltage
digital interface circuit is a balanced voltage circuit and is shown in
Figure 14, The circuit consists of three parts: the terminated voltage

generator {(G) which is a type 111 generator (see 4.4.1), the balanced inter-
rAammardanmn tisma Am mabkla amAd ¢hn 1Aaad Than ¢tavminatnd ualtana Aanavatnv vra_
LUNNITL L 1 lg wirc vy Lavity anu uwvicT lU}QUn HIICE LT HITniavou 'Ulbﬂsc yTuci asvvi L -4
guires a terminatign resistance (Rt}, with a grounded center tan. The ter-

mination resistance (Rt)’ aithough externai to the generator, 1is considered
to be part of the generator circuit and is necessaty to match the relatively
high generator source 1mpedance to the characteristic 1mpedance of the trans-

....... > o - P N 2o - - PR S - -~ - L -
mission line. A simijar type termination is aiso reguired at the end of the
+vancmiccinn linoe whara +ha wvorasuvor 3¢ ronnartod Tha fnv-m'lna ted vnltane
I U2l 22 VWi rne wIHICE O (SRR L = L L3 SOy B A ") "2 wUWiIlITwWw bW LLE L™ i HITVIW VW W 'vl\-us\_
gengr@:gr has characteristics similar to, and may be treated like, a con-

constant-current generator. It should be noted that the use of a termination
at the constant-current generator output actually causes a voltage waveform
to be generated wn1cn in turn drives the transmission line. The voltage

Alawmsd, wmawin cnc s nt A vmnntsan Arhannmnnc Tlh sardvantana

poiarity reverses when the <current direction Cnanges. ge
of thig circuit configuration is that the rise and fall time of the vn]tage
1S

Tyw Gv e wrila v

waveform is primarily determined by the constant-current generator and
relatively unaffected by the transmission line characteristics, which is
important for signaling rates above 10 Mb/s. The load consists of one or
more receivers (R), (see 5.3.3.4) and a wire or cable termination resistance
(Rt’). The termination resistance ('t') is selected to match the character-
istic impedance of the transmission line to the relatively high input impe-
dance of the receiver.

c 2 1 [‘Ant\—:"t\v‘ Al asvmantbamacds o Tha alartwmiral rhavartarictinc

Jeded acucria Ll LItagravu it I9LIVO. Puc TCITLLE LUl WIIBI U LVLT 1oL v wiiTw
type [l generator (see 4 4 1] are specified in accordance with the measure-
ments illustrated in Fiqures 15 and 16 and described in 5.3.1.1 through

5.3.1.7. The measurements are under static conditions, whereas measurements

under dynamic conditions are not standardized A generator meeting Ehese

requirements resuits in a low impedance (150 ohms or less) balanced voitage
. _ [

source that wiil produce a differential voitage appiied to the interconnecti-
S wtma Am ~rabhla dn tha mannaa AF 2 unlée +n £ unlte
llly wWiic uli Lsawic 1 Lilc IOIISC Vi & VYU WY LV UV YV I

§.3.1.1 Signal sense. The signal sense of the generator output voltages
appearing across the interconnecting wire or cable (see Figure 14) shall be
as shown in Table II. (See Note of 5.1.1.1.)

5.3.1.2 Signaiing rate range. Hot standardized. ({(See 4.3.)

E 21 17 nnf.nnf unltano maaciiramant ({Caa Fiagure 15 ) ith a far-minafinn

vee doe o VU\:BUI- 'Vl\-u&‘. MCU I Gl e “b‘ L] ',Ulb ave J e Y e - .
of two resistors (Rt)s each between 50 ohms and 75 ohms, connected in series
L o4 . _  ab _ o A . oA A A e & Y . A oeed D A L eV eomnd b mimmiimmad c.adbndn
DeLlween ine generaior outputl termingails A aitd b 4anu vdialicteu LU yrounu witnin
+Y movroant +ha mannitidn n€f +ha Aiffarantial unltana (V ) moacurod hotween
Zi perieny, CiC Magnitude OF Int GIVIerentias vOilage v, s mrdsuict DUIREE
the generator output terminals A and B shall not be less than 2 voits nor
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more than € volts for either binary state. The magnitudes of Vta and th

measured between the generator output terminals A or B and the generator cir-
cuit ground (terminal C) shall not be less than 1 volt nor more than 3 volts.

5.3.1.4 Balance measurement. (See Figure 15.) With a termination of two
resistors (R J, each between 50 ohms and 75 ohms, connected in series between

the generator output terminals A and B and balanced to ground within =z1
percent, the magnitude of the difference of the absolute values cf I and Ib

shall be less than or equal to 4 mA. The current balance shall be verified
by measuring the voltage drops Vta and th The magnitude of the difference
of the absolute values of vta and th shall be less than or equal to 0.2
volts, for either binary state.

5.3.1.5 Current measurements. (See Figure 15.) With the generator output
terminal A or B, or both, short-circuited (grounded) to generator circuit
ground (terminal C) or open (ungrounded), the magnitudes of the currents Ia

and Ib flowing through each generator output terminal shall not be less than
25 mA nor more than 40 mA for either binary state. The magnitude of the dif-

ference of the absolute values of the grounded and ungrounded (open)
generator currents 1_ and Ib shall be 1less than or equal to 4 mA for either
binary state.

V]

5.3.1.6 Power-off test. (See Figure 15.) Under power-off conditions, the
generator shall not be damaged by an external voltage Vx ranging between +6

volts and -6 volts applied between either or both output terminals A and B
and generator circuit ground (terminal C).

5.3.1.7 (Qutput signal waveform. (See Figure 16. ) During transitions of
the generator output between alternating binary states (one-zero-one-zero,
etc.), the differential signal measured across a termination of two resistors
(R ), each between 50 ohms and 75 ohms, connected in series between generator

OU'EDUI termmals I"\ ano D ano generator C‘ITCU'IT. QFOUHU d"U Ddldﬂbeﬂ LU gruunu
within %1 percent, shall be such that the voltage monotonically changes
between 0.1 and 0.9 of VSS within 5 ns when the unit interval tb is less

than or equal to 20 ns. When the unit interval tb is between 20 ns and 50

ns, the differential signal shall be such that the voltage monotonically
changes between 0.1 and 0.9 of vss within 12 ns. Thereafter, the signal

voltage shall not vary more than 10 percent of V from the steady state

...... [T PEP R X PNy P N YT mA dim

value, uiitil the next binary transition oCCurs, c’u’id at no time shali the
instantaneous magnitude of V. or Vt exceed 6 volts, nor be 1o tnan 2 volts.

VSS is defined as the voltage difference between the two steady state values
(Vt and Vi) of the generator output.

NOTE: The lower 1imit of the risetime tr is not standardized.

33


http://www.abbottaerospace.com/technical-library

g -
oy

eptember
R

- — 0.9V,

QL
ER

!

L

"."vl—ll.'l'-.

1NN
S

= R,

|
|

<12nsWHEN 20 ns < t, < 50ns

= RISETIME

te
t

w

[}
~

vi

o -

-

v
23]

VI

IV - Vyl
= SEES.3.1.7

IVl



http://www.abbottaerospace.com/technical-library

-~ -

MiL-STD-188-114A

§
30 September 1985

The interconnect-
acter1st1c

mv

2 Wire or cable characteristics. (See Figure 14,
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15
identical to the generator termination, The receiver is the same as
ceiver of the unbalanced and balanced voltage digital interface circuits
stated in 5.1.3 and 5.2.3, respectively, with the exceptions of the require-
ments for multiple receivers (see 5.3.3.4), total load characteristic limits

(see 5.3.3. b) and wire or cabie termination resistance (see 5.3.3. 7)

g
.3 Load characteristics. (See Figure 14.) The load
nc

5.3.3.1 Receiver input current-voltage measurement. Same as 5.1.3.1.

5.3.3.2 Receiver input sensitivity measurement. Same as 5.1.3.2.

5.3.3.3 Receiver input balance measurement. Same as 5.1.3.3.

5.3.3.4 Muyltip y )} No more than two mon
circuits or additional receivers shall be emnloved. The monitor circuit r
additional receivers shall have an input impedance greater than or equal to
4000 ohms. To avoid reflections, care should be exercised to keep the stub
lines emanating from the load interface point to the receivers or monitors to

iess than 3 meters in length.

s+
L

-
m
-3

nraivave
A~ <1l 2

—do

<
w
O 0

5.3.3.5 Fail-safe operation, Same as §5.2.3.5.

5.3.3.6 Total load characteristic limits. The total load including mul-
tiple receivers, fail-safe provisions, and wire or cable termination shall
have a resistance greater than 95 ohms between its input points (terminais Al
and B' of Figure 14) and shall require a differential input voltage of not
more than 200 mV for all receivers to assume the intended binary state.

5.3.3.7 MWire or cable termination resistance. (See Figure 14). The wire
or cable termination shall consist of two resistors connected in series,
equal in value to those used as a generator termination (see 5.3.1), and
balanced to ground within ¢1 percent.

5.3.5 Circuit protection. Same as 5.1.5.

5.4 Functional interchange circuits. Functional interchange circuits are
described 1n 4.2 and snown as an exampie in Figure 1i7.

5.4.1 Interchange circuit requirements. For the exchange of information
between DIt and DCE, the functional interchange circuits listed in Table III,
or ar applicable subset, shall be used. A receive-only asynchronous balanced
interface, for example, shall use the receive data and signal ground cir-
cuits, as a minimum configuration. The signal ground interchange circuit

35


http://www.abbottaerospace.com/technical-library

MIL-STD-188-114A
30 September 1985

P

iia

*S3LN0J1) abuByilajul [eudljounj jO a|dwexy

-§

P
GN35 01 153n0Y

GN3S 0L ¥V3ITD

-

-

-

v1iva aN3s

ONINILL ON3S

ONIWLL JAI3DY

viva IAIIDN

-
TOULNOD LNdNI JAITDIY

ANNOYD TVYNOIS

300

<« WN3ILSAS
NOISSINSNVYL

-

——

L1 -undld
——
. |
NNOHO TVNDIS
<
TOYLNOD LNdNI 3AIIDIL
v.
vivd 3AEEDIY
>
SNIWLL JAITD3N
ila
v.
ONIWIL AN3IS
€
Viva an3is
—
(N3S 0L ¥V3TD
<€
GN35 0L 153ND3Y

36



http://www.abbottaerospace.com/technical-library

MIL-STD-188-114A
30 September 1985

shall be used in all interfaces. The send common and receive common shall be
used as shared returns in each signal direction, as required, for unbalanced
circuits not having individual separate returns.

TABLE I1I1. Functional interchange circuits.

CIRCUIT DIRECTION
REQUEST TO SEND FROM DTE TO DCE
CLEAR TO SEND FROM DCE TO DTE
RECEIVE INPUT CONTROL FROM DTE TO DCE
SEND DATA FROM DTE TO DCE
RECEIVE DATA FROM DCE TO DTE
SEND TIMING FROM DCE TO DTE
RECEIVE TIMING FROM DCE TO DTE
SEND COMMON RETURN
RECEIVE COMMON RETURN
SIGNAL GROUND GROUND

5.4.2 Interchange circuit functions. The interchange circuits listed in
Table 111 shall function as stated in 5.4.2.1 through 5.4.2.10.

5.4.2.1 Request to send. This circuit shall control the data channel
transmit function of the DCE and shall control the direction of data trans-
mission of the DCE on a half-duplex channel. On one way only or duplex
channels, the ON signal sense (see Table II) shall maintain the DCE in the
transmit mode, and the OFF signal sense shall maintain the DCE in a non-
transmit mode. On a half-duplex channel, the ON signal sense shall maintain
the DCE in the transmit mode and shall inhibit the receive mode, and the OFF
signal sense shall maintain the DCE in the receive mode.

5.4.2.2 (Clear to send. This circuit shall be used to indicate to the DTE
that the DCE is ready to transmit data on the data channel. The ON signal
sense (see Table II) shall indicate that the DCE is ready to transmit data,
and the OFF signal sense shall indicate that the DCE is not ready to transmit
data.

5.4.2.3 Receive input control. This circuit shall be used to indicate to
the DCE that the DIE is ready to receive data. The ON signal sense (see
Table II) shall indicate that the DTE is ready to receive data, and the OFF
signal sense shall indicate that the DTE is not ready to receive data.

5.4.2.4 Send data. This circuit shall be used to transmit data from the
DTE to the DCE. The DTE shall not transmit data unless its clear to send
circuit is receiving the ON signal sense. (See Table II.)

5.4.2.5 Receive data. This circuit shall be used to transmit data from
the DCE to the DTE.
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5.4.2 3

-

5.4.2.6 timing. This circuit shall be used to provide the DTE with
transmit sig

D v
na e ement t1m1no information.

NOTE: Detailed requirements for clock equipment, control and timing are
contained in subparagraph 4.3.1.6 of MIL-STD-188-100 and subparagraph 5.3.6
of MIL-STD-188-200.

5.4.2.7 Receive timing. This circuit shall be used to provide the DTE

0 de tl
with receive signal element timing information. (See Note ofr5.4 2.6.)

5.4.2.8 Send common. This circuit shall be connected to the DTE circuit

ground (circuit common) and shall be used at the DCE as a rererence poten-
tial for the receiver(s) of the unbalanced voltage digital interface
circuit when separate signal returns are not used. (See Figure 24 of
Appendix C.)
5.4,2.9 Receive common. This circuit shall be connected to the DCEt
circuit ground (c1rcu1t common) and shall be used at the DTE as a reference
potential for the receiver of the unbalanced voitage digital interface
ryswmrirat whan canaradta c1Aanal rmatiirmne are nAat nead {Can Fimira 24 nf Annen-
CirLuiI v wiicrui DCPG'ULC )lyllﬂl TrcLutiie Qairc 1Hu L UDCU- A\vCo L ISUIC &7 v nypeit
dix C.)
5.4.2.10 Signal ground. This circuit shall connect the DTE circuit ground
(circuit common) to the DCE circuit ground (circuit common) to provide a
metallic path between the DTE and DCE signal commons.
Coietndsane o Dranarina artivitu.
wuILUuUiIQilo Froparn iy Gueeivivy.
Army - CR Army - CR
Navy - EC (Project TCTS - 1141)

Air Force - 17
Review activities:

.A.!"!.f!_\,’ - .A.C-i .“.‘./; MI; SC; TE
Navy - AS, CG, MC, NC, OM, SA, SH, YD
Air Force - 01, 11, 13, 71, 80

DCA - DC

NSA - NS

ATr2A ~Aa

JILYA = LU~

User activites International interest:

Army ABCA

Navy o i A

Air Force Other Interests:
NNANCCAr
VUL VAL
NCS
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APPENDIX A

MEMORANDUM FROM THE UNDER SECRETARY OF DEFENSE FOR
RESEARCH AND ENGINEERING, 16 AUGUST 1983, SUBJECT:
MANDATORY USE OF MILITARY TELECOMMUNICATIONS STANDARDS IN THE
MIL-STD-188 SERIES

This Appendix contains information related
to MIL-STD-188-114A. Appendix A is a mandatory
part of this standard.
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™ THE UNDER SECRETARY OF DEFENSE
'-\‘\\Q = /4 WASHINGTON, D.C. 20301

RESEARCM AND
ENGINEERING

1001
1904

[y
an
I>
C
o

FINAN'IAL HANAGEMENT)
ASSISTANT SECRETARY OF THE NAVY (SHIPBUILDING & LOGISTICS)
ASSISTANT SECRETARY OF THE AIR FORCE (RESEARCH DEVELOPMENT

T VL .o A T BN

& LOGISTICS)
COMMANDANT OF THE MARINE CORPS

DIRECTOR, DEFENSE COMMUNICATIONS AGENCY
DIRECTOR, NATIONAL SECURITY AGENCY

se of Military Telecommunications Standards in the
wd ae
s H S

On May 10, 1977, Dr. Gerald Dinneen, then Assistant Secretary of Defense(C3I),
issued the foiiowing policy statement regarding the mandatory nature of the

_____ TP BN ol e Py - P |

oD =
mu-oau-lco 3!!'133 Le;ecvmrx;canzona Svandaras:

", ..standards as a general rule are now cited as 'approved for use' rather
than 'mandatory for use' in the Department of Defense.

clearly appropriats to standards dealing with process, ccaponent ¢
and reliability, paint finishes, and the like. It is clearly not appropriate
to standards such as those in the MIL-STD-188 series which address telecommuni-
cation design parameters. These infliuence the functional integrity of telecom-
sunication systems and their ability to efficiently interoperate with other
functionally similar Government and commercial systems. Therefore, relevant
military standards in the 188 series will continue to be mandatory for use
within the Department of Defensa.

To minimize the probability of misapplication of these standards, it is
incumbent upon the developers of the MIL-STD-i88 series to insure that each
standard is not only essential but of uniformly high quality, clear and concise

as to nnn'l h-ntinn and uharever nossihle commatihle with exiating or proposed

-------- sewe W ¥ PrwwaTew wwmpmsewew e SoSSESISG

nationul, 1nternntionnl and Federal telecommunication standards. It is also
incumbent upon the users of these standards to cite in their procurement specifi-
cations only those standards which are clearly necessary to the proper functioning
of the device or systema over its projected lifetime."”

o
A


http://www.abbottaerospace.com/technical-library

20. GENERAL

MIL-STD-188-114A
30 September 1985

20.1 Scope. The Appendix contains a list of abbreviations and acronyms used

in MIL-STD-188-114A.

20.2 Application. This appendix is a non-mandatory part of MIL-STD-188-

114A.

ABCA

x>
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o
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(o d
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American-British-Canadian-Australian
American wire gauge

binary digit

bit(s) per second

International Telegraph and Telephon
tive Committee

decibel

direct current

data circuit terminating equipment

data terminal equipment

Electronics Industries Association

gigahertz (1 GHz = 107 hertz)

green wire ground

2 Ao -

integrated circuit
kilobit(s
(1 kilobi

per second

)
t = 1000 bits)
kilohertz (1 kHz = 1000 hertz)
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e18 1) 4 ammama
I

per second
’

1,000,000 bits per second)

R A .
megahertz (1 MHz = 10~ hertz)

millisecond(s) (1 ms = 1073 seconds)

<21
=J1

millivolt(s) (1 mV = 10 volts)

-9

Q

con

o
v
[1:]

nanosecond(s) (1 ns = 1 s)

-1z ¢

picofarad (1 nF = 10 farad)
Fivv IS8 \s F /

Quadripartite Standardization Agreement

receive common
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APPENDIX C
GUIDELINES ON INTERCONNECTIONS

30. GENERAL

30.1 Scope. This Appendix contains guidelines on the characteristics of
the interconnecting wire or cable (30.3), on the need for providing a termi-
nation resistance (30.4), on fail safe operation (30.5), and on optional
grounding arrangements (30.6). This appendix is not a mandatory part of
MI%-STD-188-114A. The information contained herein is intended for guidance
only.

30.2 Application. When interconnecting equipment using the electrical
characteristics specified in this document, certain consideration should be
given to some of the problems that may be encountered due to the intercon-
necting wire or cable characteristics, wire or cable termination resistance,
and optional grounding arrangements.

30.3 Guidelines on interconnecting wire or cable characteristics. Guide-
lines on the characteristics of the interconnecting wire or cabie are given
in 30.3.1 through 30.3.6. An interconnecting wire or cable meeting these
characteristics will result in a transmission line with a nominal character-
istic impedance on the order of 100 ohms for frequencies greater than 100
kHz, and a dc series loop resistance not exceeding 240 ohms.

For the unbalanced voltage digital interface circuit, the wire or cable
may be composed of twisted pair, or unpaired wires possessing the character-
istics described in 30.3.1 through 30.3.3 uniformly over its lengths. Where
twisted pair wire or cable is used and the two wires serve as signal conduc-
tors for two different interface circuits, the information flow in both wires
should be in the same direction. The use of twisted pairs is preferred over
the use of untwisted pairs to reduce crosstalk.

For the balanced voltage digital interface circuit, the wire or cable
may be composed of twisted pair possessing the characteristics described in
30.3.1 through 30.3.4 uniformly over its length.

Most commonly available wire or cable used for telephone applications
should meet the characteristics given in 30.3.1 through 30.3.4. The charac-
teristics of standard field wire, such as WD-1 or WF-16, are considered
sufficiently close to those characteristics given in the following subpara-
graphs as guidance, that these types of field wire may be used satisfactorily
for unbalanced and balanced voltage digital fnterface circuits standardized
in 5.1, 5.2 and 5.3.

30.3.1 Conductor size. The interconnecting wire or cable should be
composed of wires of a 24 American wire gauge (AWG) or larger conductor for
solid or stranded copper wires, or for non-copper conductors, a sufficient
size to yield a dc wire resistance not to exceed 90 ohms per 1000 meters (m)
(approximately 30 ohms per 1000 feet) per conductor.

43


http://www.abbottaerospace.com/technical-library

AN Cammébambawm 100K
JU oeplLrmper 1 5204

an 2 92 M. .d:.2Y mmden A mo~s + | o S 4 ram s b mmnma b mmmn bad. i

JU.I.C rutLtual pair LapaliLcenie, FOI pairteud wires, Lne cLapatilchil velwveern
one wire in the pair to the other wire should not exceed 60 picofarads per
meter (approximately 20 picofarads per foot), ana tne value should be reason-
ably uniform over the length of the wire or cable.

30.3.3 Stray capacitance. The capacitance between one wire in the cab1
to all other wires in the cablie sheath, with all other wires connected to
Vol ale T aTel ehnit1Ad nat avennd 12N Asrafawrade nowvw matar {amnwavimataly AN nsrcno
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farads per foot) and the value should be reasonably uniform for a given
conductor over the length of the wire or cable.

30.3.4 Pair-to-pair balanced crosstalk. For balanced voltage digital
1nterface circuits, the balanced crosstalk from one pair of wires to any

D b4l oL Y Lo oo 2ol oY... &£ A an -4
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30.3.5 Wire or cable length for unbalanced voltage digital interface
circuit. The maximum operating distance is primarily a function of the
amount of interference (near -end crosstalk) coupled to adjacent circuits in
the equipment interconnection. Additionally, the unbalanced circuit is
eciierantihla A aAavimAaciivna ¢ AsffFaovantial Nnien wvaecentlesina Fwvam an alanro
QUILETPLIVIT LU CAPUDUIT T LU ultnigrnivial llUl)C Teoui Ly TEVUN aity lll)Uulﬂ A =
between the signal conductor and signal common return at the load interface

point. Increasing the physical separation and interconnecting wire or cable
length between the generator and load interface points increases the exposure
to common mode noise and the amount of near-end crosstalk. Accordingly,
users are aav1sed to restrict the wire or cabie iength to a minimum, consis-

nt with the requirements for physical separation between generator and

The curve of signaling rate or cable length versus risetime given in
Figure 18 may be used as a conservative guide. This curve is based upon
calculations and empirical data using twisted pair te]ephone cable with a
shunt capac1tance of 50 picofarads per meter (approx1mately 16 p1cotaracs per
ou-onm generatﬁ? impe ce

llg U U FTME "

4
a
A
<

a
“

The user is cautioned that the curve given in Figure 18 does not account

for common mode noise or near-end crosstalk Tevels beyond the limits speci-
fied that may be introduced between the generator and load by exceptionally
long cables. On the other hand, while signal quality degradation within the
bounds of 1gure 18 will ensure a zero-volitage crossing amb1gu1ty of Tess

than 0.05 unit interval, many applications can tolerate greater timing and
amnldtiina Adctamedinn Thiie ravnacnnanAdinnaly nroatar rahle lananthe mav hn
Qi 1 LUuT U iloLVr LIV, 1HIUD LU ITcopuriviniyily yrcaulci “awvic IChiyLinio  wdy

employed than those indicated. The generation of near-end crosstalk can be
reduced by using a lower generator resistance and increasing the amount of

waveshaping employed. In practice, the maximum length of the wire or cable
that may be used must be determined on a case by case basis. Experience has
shown in most practical cases that the operatiny distance at lower signaling
rates may be extended to several miles.
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FIGURE 18. Signaling rate or cable length versus risetime for unbalanced

voltage digital interface circuit.
45

100k

10k

-
3

100

DATA SIGNALING RATE IN B/S


http://www.abbottaerospace.com/technical-library

[#8) z

In selecting wire or cable for a given application, the resistance and
capacitance per unit length should be considered. Figure 19 shows the cable
RC time constant versus cabie iength for cable pairs with different charac-
teristics. As long as the signal rise time allows the s1gna1 to achieve full

amplitude within the unit interv cable capacitance normally wil
]

al -
vU 1y i a
problem. Conservative design would limit the rise time to less than 30

percent of the unit interval.

30.3.6 Wire or cable length for ba]anced voltage digital 1nterface cir-
cuit. The maximum permissible length of wire or cable separating the genera-
tor and load is a function of signaling rate and is influenced by the toler-

D

3 u
able signal distortion, the amount of longitudinally coupled noise and ground
potential difference ‘introduced between the generator and 1load circuit
grounds, as well as by wire or cable balance. Increasing the physical
separation and 1nterconnect1ng wire or cable length between the generator and
load interface points, increases the exposure to common mode noise, signal

an

distertieﬂ, 1d the effects of wire or Cab]c imbalance. A\.Lurdlng 1y, USers
are advised to restrict wire or cable length to a minimum, consistent with

the requirements for physical separation between generator and load.

he curve of s1gnal1ng rate versus cable length g1ven in F1gure 20 may
be used as a conservative guide. This curve is based upon empirical data
using a 24 AWG twisted-pair telephone cable terminated in a 100-ohm resistive
load. The cable length restriction shown by the curve is based upon assumed

ey v

load signal quality requ1rements of:

a. Signal rise and fall time equal to, or less than one-half unit
interval at the appiicabie signaiing rate.

b. A maximum volta enerator and load of 6 dB

n.

n g n .
Neglecting noise, interfaces can actually tolerate much greater voltage
losses. For example, using a generator with an output voltage of 4 volts and

a rece1ver with a sens1t1v1ty of 0.2 volts, allows a 20 to 1 voltage loss or

26 dB of attenuation. However, any noise present on the cabie may cause
additional zero-voltage crossings of the signal and an increase of the bit
error rate.

At the higher signaling rates (90 kb/s to 10 Mb/s) the sloping portion
of the curve in Figure 20 shows the cable length limitation established by
the assumed signal rise time requirements. As the signaling rate is reduced

~ ~a - ~ - - [ . 1 dama aNn, ———— o [ N
below 90 kb/s, the cable length has been limited at 1200 meters (approxi-
mately 4000 feet) by the assumed maximum allowable 6 dB signal voltage loss

The user is cautioned that the curve given in Figure 20 does not account
for cable imbalance, or common mode noise beyond the limits specified that
may be introduced between the generator and load by except10na11y long
b un tne other hand, while signai quality degradation w1tn1n the

ca
bou of Figure 20 will ensure a zero-voltage crossing ambiguity of less
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2. AWG 22 {54 ohms/km, 50 pF/m) 5. AWG 22 (54 ohms/km, 150 pF/m)
3. AWG 24 (82 ohms/km, 50 pF/m) 6. AWG 24 (82 ohms/km, 150 pF/m)

FIGURE 19. Cable pair RC time constant versus cable length.
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than 0.05 unit interval, many applications can tolerate greater timing and
amplitude distortion. Additionally, many applications_can also tolerate a

voltage loss of greater than 6 dB, as stated above. Thus, correspondingiy
greater cable lengths may be employed than those indicated. Experience has
shown that in most practical cases the operating distance at lower signaling
rates may be extended to several miles.

In selecting wire or cable for a given application, the resistance and
capacitance per unit length should be considered Flgure 19 shows the cable

-~ - - 2an g

RC time constant versus cable length for cable pairs with different charac-
bmind mdd A Tarmem =ar VY N csmamal mien Stamna a11nme +ha edAan 51 *n amshdaua
LETISLILS. (o} oy as the diyridi 1id% il airivwo LT Signai TO0 acCnieve
full amplitude within the unit interval, cable capacitance normally will not
be a problem. Conservative design would limit the rise time to less than 30
percent of the unit interval.

30.4 Wire or cable termination resistance. For type I and type Il genera-
tors (see 4.4.1), the use of a wire or cable termination is optional and
dependent on the specific application. At the higher signaling rates (above
200 kr_x/s) or at any signaling rate where the propagation d elay of the wire or
cable is on the order of half the data unit interval, a termination should be

used to preserve the signal rise time and to minimize reflections. The
terminating impedance should match as closely as possible the characteristic
impedance of the wire or cable in the signal spectrum transm1ttea. As a

- P e _}- ................ tad & }

general rule, whenever there are multiple receivers connected to the line,
the termination should be associated with the line and not with a specific
receiver, otherwise removal or replacement of a receiver could also remove
the termination or result in multiple terminations.

The characteristic impedance of twisted pair wire or cable is a function
of frequency, wire size and type, as well as the kind of insulation materiais
mrrvem Y me Cmem mvame dhn Ahamanmdnmscodbdn dmmadanra Af auamana 24 ALIL AAannan
efmpidyeda. rOr e€xampigé, ineé CnaraCileristic impeldnie OV avEraye <= nwu Lupper
conductor, plastic insulated twisted pair telephone cable, to a 100 kHz sine
wave will be on the order of 100 ohms.

Generally, a resistance in the range of 120 ohms to 150 ohms will be
sati sfactony, the higher values leading to lower power dissipation. (See
5.2.3.0).

sing ambiguity and

At e ssing i
signal rise time are not cr1t1cal the wire or cable need not be termInated
Therefore, no termination resistance is required or specified for the
unbalanced voltage digital interface circuit.

At lower signaling rates, where zero-voltage c¢r
Wy - o A AL RA Y - - VW wwy -y

30.5 Fail-safe operation. It may be required that specific interface
Vmwodm b n mmm A Lo ST o E Ao maiad e Ta amcecdd & ac - Thiow smmdbhond A ;s d Do
1€4dUS D€ nidde 1d1i=-5d17€ 1O Cceriain rauut ConaiIviIons. e mreLnou vl proviuing
fail-safe is not standardized. An example of fail-safe operation for the
unbalanced and the balanced voltage digital interface circuit 1is given in
30.5.1 and 30.5.2, respectively.
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30.5.1 Example of fail-safe operation for unbalanced voltage digital

interface circuit. The circuit shown 1n Figure 21 as an example, will
provide a steady binary condition of a single receiver for the following
fault conditions:

a. Generator power off.
b. Open signal lead (signal common return still connected).
c. Generator not implemented (signal lead may or may not be present).

d. Open connector (both signal lead and the signal common return are
open simultaneously).

The fail-safe circuit in Figure 21 uses a bias voltage through a resis-
tance to detect faults a through d above. Under low generator resistance
conditions (normal operation), the bias voltage Vf has l1ittle effect on the

receiver operation. Under high generator resistance conditions (fail), the
bias forces the receiver to the desired binary steady-state condition. The
capacitor Cf is required in the 1load to reduce any spurious noise, as a

result of near-end crosstalk, to an ineffective level. The suggested values
for Ce that will have little effect on normal operation are also given in

Figure 21. If RC waveshaping as described in 5.1.1.8 is employed, an addi-
tional 50-ohm resistor Rr should be added in series with the generator output

to reduce the effect of reflected waves.

If the fail-safe is implemented by other methods, additional fault
conditions may be detected. For example, a threshold region detector (a
window detector to respond when the input signal lies within the -200 mV to
+200 mV transition region) in conjunction with a monostable timing device to
determine when such a condition (input signal within the transition region)
has existed for an abnormal amount of time, will expand fault coverage to
include a shorted wire or cable pair (in addition to detecting faults a
through d above). The user is cautioned that auxiliary circuits attached to
perform the functions outlined above must not cause the shunt resistance of
the load (A' to B' of Figure 21) to be less than 400 ohms. (See 5.1.3.6.)
In addition, such auxiliary circuits must be capable of operating over the
ranges of input voltages specified for a receiver in 5.1.3.1 through 5.1.3.3.

30.5.2 Example of fail-safe operation for balanced voltage digital inter-
face circuit. The circuit shown in Figure 22 as an example, will provide a
steady binary condition of a single receiver for the following fault condi-
tions: '

a. Generator power off,

b. Both signal wires open. (Signal common return still connected. )

50
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FIGURE 21. Example method of fail-safe for unbalanced
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FIGURE 22. Example method of fail-safe for balanced voltage digital
interface circuit.

c. Generator not implemented (signal
sent).

d. -Open connector (both signal leads and the common signal return
are open simultaneously).

The fail-safe circuit in Figure 22 uses two resistors and a voltage
source as shown to produce a steady bias on the receiver in the event of any
of the faults a through d ligted above, In normal nnprarinn the low source

LIIT T1@U I vo T il Vuyil TiJguve

resistance of the generator will cause the effect of the bias to become
negligible on the receiver slicing level. This circuit will not protect
against short circuits across the wire or cable pair, nor will it protect
aga1nst s1ngle open ground returns, and is not applicabie where a termination

resistance Nt is used.

1f the fai afe t her methods, additional fault
conditions may be detected. For e threshold reQIOH detector (a
window detector to respond when the 1nput signal lies within the -200 mV to
+200 mV transition region) in conjunction with a monostable timing device to
determine when such a condition (1nput 51gna1 within the tran51t1on region)

has existed for an abnormal amount of time, will expand fault coverage 1o
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include a shorted wire or cable pair (in addition to detecting faults a
through d above) and could be used when the wire or cable termination resis-
tance is present. The user is cautioned that auxiliary circuits attached to

perform the functions outlined above must not cause the shunt resistance of

o ~a ' -~ LS Wall]
the load (A' to B' of Figure 22) to be less than 120 ohms (see 5.2.3.6). 1In

addition, such auxiliary circuits must be capable of operating over the
ranges of input voltages specified for a receiver in 5.1.3.1 through 5.1.3.3.

30.6 Optional grounding arrangements. In addition to the mandatory
grounding requirements of MIL-51D-188-124 (see 4.6), this paragraph provides
optional grounding arrangements applicable to digital interface circuits.
Proper operation of the interface circuits, whether using balanced, unbalanc-
ed, or a combination of balanced and unbalanced electrical characteristics,
requires the presence of a path between the circuit grounds of the equipment
at each end of the interconnection. For example, in a DTE/DCE interface as
shown in Figure 23, this path may be obtained in a number of ways:

a. Through earth ground. In this case, both end equipments have
their circuit ground connected to frame ground which in turn is
connected to earth ground (e.g., through the third wire or green
wire ground (GWG) of the power cord). This is the preferred
arrangement when the two earth grounds are at a potential differ-

ence of less than four volts.

b. By connecting circuit SC (send common) to DCE circuit ground by
means of a wiring option in the DCE. To avoid circulating
ground currents, circuit ground must be separated from frame ground
in the DCE when this connection is made. Thus, circuit ground for
the DCE is obtained from the DTE circuit ground through the inter-
face circuit SC. The DCE must be capable of withstanding the
resulting ground potential differences between its circuit ground
and its frame ground. This is the preferred arrangement when the
two earth grounds are at a potential difference greater than
four volts and the DTE earth ground is the "quieter" of the two

earth grounds.

Wi L

c. By connecting circuit RC (receive common) to DTE c¢ircuit ground
by means of a wiring option 1in the DTE. To avoid circulating
ground currents, circuit ground must be separated from frame ground
in the DTE when this connection is made. Thus, the circuit ground
for the DTE is obtained from the DCE circuit ground through inter-
face circuit RC. The DTE must be capable of withstanding the
resulting ground potential differences between its circuit ground
and its frame ground. This is the preferred arrangement when the
two earth grounds are at a potential difference greater than four
volts and the DCE earth ground is the “quieter" of the two earth
grounds.
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LEGEND: BG = BALANCED GENERATOR
8R = BALANCED RECEIVER

~ — - A PEA SCAMERATAD
UG = UNBALANCED GENERATOR

DTE = DATA TERMINAL EQUIPMENT
DCE = DATA COMMUNICATIONS TERMINATING EQUIPMENT

X = SWITCHED OR PATCHED CONNECTION (SEE 30.6)
R = RESISTOR, 100 ohms, ¢ 20 PERCENT, $ WATT (SEE 30.6.d)
GWG = GREEN WIRE GROUND

FIGURE 23. Examples of optional grounding arrangements.
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d. The connection between circuit ground and frame ground may be made
through a 100-ohm, 20 percent, one-half watt resistor. When used,
a provision should be made to allow bypassing of the resistor for
direct connection when needed for specific installations. Under
ground fault conditions the resistor may fail and provisions should
be made for inspection and replacement. Care should be used to

prevent high ground loop currents.

30.6.1 Signal common return for unbalanced voltage digital interface
circuit. (§éL Figure 24.) The interconnection between the generator and
Yoad interface points shown in Figure 24 consists of a signal conductor and a
signal common return. In order to minimize the effects of ground potential

difference (V_) and longitudinally coupled noise on the signal at the load

interface point, the signal return should only be connected to circuit ground
at the terminal C of the generator interface point. (See 30.6 for optional
signal and protective grounding arrangements). Two possible configurations
for interconnection of signal return conductors for unbalanced voltage
digital interface circuits are shown in Figure 24. In configuration 1,
separate signal return conductors are used for each receiver. Configuration
1 has the advantage that it may be easily connected to balanced as well as
unbalanced generators. Signal common returns may be shared, as shown in
configuration 2 of Figure 24, however, a separate signal veturn should be
used for each signal direction in an interconnection. For example, the
terminal B' of all receivers in the DTE that interconnect with unbalanced
generators in the DCE should connect to the receive common signal return
which is only connected to generator circuit ground (terminal C) in the DCE.
Similarly, the send common signal return is used to interconnect the terminal
B' of all receivers in the DCE with the generator circuit ground (terminal C)

in the DTE.

In older digital interface standards, a single signal ground conductor,
which connected the circuit ground of the DTE to the circuit ground of the
DCE, was also used as a common signal return for unbalanced generators in
both signal directions. This document requires a signal ground conductor to
connect the generator circuit ground (terminal C) of the DTE to the generator
circuit ground (terminal C) of the DCE, however, this conductor is not used
as a signal return for unbalanced circuits. (See 5.4 and 40.)
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APPENDIX D
GUIDELINES ON INTEROPERATION AMONG DEVICES COMPLYING

nc
. OLIVL AL

»
(@]

40.1 Scope. This appendix contains guidelines on interoperation among
devices complying with different low level digital interface standards. This
appendix is not a mandatory part of MIL-STD-188-114A. The information
contained herein is intended for guidance only.

40.2 Application. When interconnecting equipment using electrical charac-
f9r1§t1c§ﬂéé scified in this document with interfaces using other electrical
characteristics, consideration should be given to problems that may be
encountered due to the different electrical charateristics.

40.3 Unbalanced voltage digital interface standards. Basically, the older
EIA Standard R5-232C has been moditied by R5-423 and RS-423A to essentially
the same electrical charactb istics as the MIL-STD-188C and the MIL-STD-188-
100 Unbalanced Low Level gital Interfaces which have been superseded by

MIL-STD-188-114. The EIA RS 232C interface circuit recommends that the
length of the interconnecting wire or cable be limited to 50 feet. This

limitation has been removed by the EIA Standard RS-423A. The EIA Standard
RS-423A has been adopted as FED-STD-1030A which is compatible with MIL-STD-
188-114A (see also 4.4). The RS-232C generator may have outputs as high as
plus or minus 25 volts, therefore, voltage attenuators may be required to
permit interoperation with FED-STD-1030A or MIL-STD-188-114A receivers.

The significant difference between the MIL-STD-188C or MIL- STD-188-100

and the MIL-STD-188- 114A unbalanced low level digital interface c1rcu1ts is

- sdh masmaa  d e

that the receiver in MIL-ST0-188-114A has a balanced input, even Luuugn it is
used with an unbalanced generator. The choice of a balanced receiver was
done deliberately for the following specific reasons:
a. Noise immunity and reducing the problem of ground potential
differences between generator and receiver(s).
b. Convenience of inverting the MARK and SPACE signal sense (see
Mnta nf & 1 1 1)
TWWLE VI Jedoded/oe
¢. Uniformity of receivers for economic advantages in mass produc-
tion.

40.4 Balanced voltage d[gitai interface standards. Basically, the
balanced Tow level digital interface circuit contained in MIL-STD-188-100 and
FED-STD-1020A (which adopts EIA Standard RS-422A) is the same a5 the balanced
voltage digital interface circuit contained in MIL-STD-188-114A. The signi-
ficant electrical difference between MIL-STD-188-114A and FED-STD-1020A is
the permitted generator offset voltage for type I generators (see 4.4.1).

-STD-1020A is limited to 0.4
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volts in MIL-STD-188-114A for type 1 generators operating below 100 kb/s.
The reason for this limitation is the necessary interoperability and compati-
bility among existing older interface circuits designed in accordance with
MIL-STD-188C and MIL-STD-188-100 and newer circuits designed in accordance

AaTl CTr 100 11AA

with MIL-STD-188-114 and MIL-STD-188-114A.

If the type I generator offset voltage would not be limited to 0.4
volts, an "eng1neered" incompatibility would exist between all older
unbalanced receivers built in accordance with MIL-STD-188C or MIL-STD-188-

- QAJ—: . e an

100, and new balanced generators comply1ng w1tn MIL- bIU-l 8-114A. In recog-
nition that such an éﬁgiﬁeeﬁ?u Hl(.UllldelUllll._y would have a severe techni-
a2l anAd aranamiral dimnact M1 \Trl-'lﬂn..'l]ﬂﬂ 'hm\fc th nnmi ed npnprafnr

“al Qg CLViiviiisa g llllyﬂ\' vy LALE W AW T A&V LI P~ | vv‘—— -~

offset voltage for ba]anced interfaces operating at signaling rates below 100
kb/s. A level of 0.4 volts is considered a reasonable limit for mass produc-
tion of integrated circuits and also an acceptable limit from the viewpoint
of performance degradation of existing older unbalanced receivers.

Aﬂ £

5 balanced or unbalanced aenerators with balanced or

wilwG 1 Giive - yeiivr S v <€ erILTR

1 a
unba]ancen receivers. Figures 25 through 30 are intended to convey the
simpticity of interfacing generators and receivers, both balanced or
unbalanced, that have been designed in accordance with MIL-STD-188, MIL-STD-

18&-100, MIL STD-188-114, FED-STD-1020 or FED-STD-1030, or revisions.

A e application engineering problem is:
a. To consider the generator (except the type IIl generator; see
4.4,1) as a low impedance source with an essentially constant

voltage output,

b. To consider a typical field wire or telephone cable, at signaling
rates below 20 kb/s and shorter than about 10,000 feet, as having
an impedance dominated by the generator impedance, and

c. To consider the receiver as a vo]tage operated device that 1s
aam Y o

isolated from the interconnecting wire or cable by a relatively
high input resistance.

As the signaling rate or the operating distance, or both, are increased,
more care and attention need to be given to the wire or cable termination
problem. (See also 30.4.) It should be noted that at higher swgnallng rates
the characteristic 1mpedance of typical twisted pair telephone cabie Tevels
off to approximately 100 ohms.

While any balanced or unbalanced generator designed in accordance with
MIL-STD-188C or MIL-STD-188-100 will operate correctly with a receiver
designed in accordance with FED-STD-1020A, only those balanced generators of
FEC-STD-1020A with their offset voltage limited to 0.4 volts will perate
correct]y with any MIL-STD-188C or MIL-STuU-188-100 unbalanced receiver. New

“TD-168- 114A receivers w111 operate correctly with MIL-STD-188C or
iuL-S TU-188-100 generators. hese relat..nships regarding interoperability
[=3 ,,IA N Fvnl Met 14K furm ‘F b1e I!I.
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40.5.1 Examples of interfacing unbalanced generators with balanced or
unbalanced receivers. Figure 25 Shows now an unbaianced generator designed
in accordance with MIL-STD-188C, MIL-STD-188-100 or MIL-STD-188-114A is
connected te _nba1 nc d receiver des:gne- in accordance with MIL-STD-

MIL-STD-188-100 or MIL-STD-188-114A, without inversion of the MARK-SPACE
signal sense; whereas F1gure 27 shows the same configuratIOn as Figure 26

MV e = s aad o b e b a s e - -

1 sense is inverted by changing the connections at

n CRArRT 2
except ine MAKR-OFALL S1i1gna
+ha halanrcad raraivar snnist
LIIT wvailuliveu 1 TuC iYvd iU Lo

Figure 28 shows a method for obtaining essentially all the operating
advantages of balanced operation when only an unbalanced generator is avail-
able. This circuit has the additional advantage that the unbalanced genera-

tor can be repiaced by a baianced generator at a later date, without changing
& b

~ahla adobh and ‘vne# ‘srq‘
U Lo ravit

< o~ A-\nan ~

interconnecting wire or cable, the patch an

,_
pre
—de

e at

o
U\v;

-.J m

-3

a ardwaro
-~ Tiwd 3 -

40.5.2 Examples of interfacing balanced generators with balanced or

unbalanced receivers. Figure 29 depicts a typical balanced interface circuit

with wire or cable termination resistance Rt' The purpose of the termination

resistance is to minimize reflections in the wire or cable at higher signal-
ing rates (see 5.2.3.7 and 5.3.3.7).

L 2 -

As shown in Figure 30, the interfacing of a balanced generator to an
older unbalanced receiver designed in accordance with MIL-STD-188C or MIL-
STD-lBB-lOO requires that the offset voltage of the balanced generator be

limited to a value that insures a signal voltage zero crossing of the genera-
tor with respect to the zero voltage reference of the receiver input. The
magnitude of the zero crossing signal should be sufficient to overcome any
noise or signal waveshape ambiguity. In recognition of the need for suffi-

cient operating margin, a maximum generator offset voltage of 0.4 volts was
chosen for the type 1 generator (see 4.4.1). The use of a balanced generator
with an unbalanced receiver results in half the signal amplitude available
from the balanced generator. Therefore, equipment expected ‘to interface with

unbalanced receivers shoula have provision for an unbalanced generator, if
possible, to permit a higher input signal at the receiver.

o
0


http://www.abbottaerospace.com/technical-library

MIL-STD-188-114A
30 September 1985

« \ " . \ g 5
wi —— $- « ¢
w . s ® — _. w w \ IlllA-v -_ .hw
e - Z o =
J W e ®
“_ 4 V (W) .rts
. W -
& 2 ; 5
b >
@ . et
' . “w . w
o av on o= o AvA - p %B
ﬂu Yo me o oe o= AV.A D ol .
\ £2 i |
5 el !
) | |
) i 9 ~|3 q
m m < 2 pu g !
LA — . J - |
i Am » A,a [1-] e ﬂu ,A
X = v/ .m oy I\
2o 5 z . =
28 Zx st |
5o | 38 24 g
@« (=] U W [ 9] |
w = 43 @ e oK |
£ 2 L 5 V
N ‘ "
< n_m 2 o Cw W
. “m = .N v :
< o * s loc ﬁ,
- - —— < < OEt i
7 -“ -— s an e o= e “ “.’ u
] ol o
5 o|® b
> > o > > W Mu §
+ ! 2 + 1 212 |
« =) \ -l ,
.n.._ e e M ol
c . —— ) o — ——— 2|
o un g 9 D
(VY] (9] o
2 \ >
ui p, w .
0] (44 w \ / o
= ] ~
3 _
- Iad
[V _w |
A1 i = |
f (%] ._ _—_—- v e «
———— o—{I1 L A ‘ o—{in ;



http://www.abbottaerospace.com/technical-library

aron—

i S IPEESIVE B

MIL-STD-188-114A
30 September 1985

- INTERCONNECTING _

<———— GENERATOR ——3 <\ oc ORCABLE . DT
|
|
i
1

|

- GENERATOR ———-) -~ iINTERCONNECTING —=e—— RECEIVER

nnnz nn rAnl :

N\

NOTE 1: REVERSING WIRE CONNECTIONS AT A AND 8 OR AT A" AND B’ PERMITS
iNVERSION OF MARK-SPACE SIGNAL SENSE.

NOTE2: THIS MODE OF OPERATION HAS ESSENTIALLY ALL OF THE ADVANTAGES OF

BALANCED OPERATION REGARDING NOISE IMMUNITY AND GROUND POTENTIAL

DIFFERENCES.

FIGURE 28. Unbalanced generator driving balanced wire pair with baianced

receiver.
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NOTE 1: REVERSING WIRE CONNECTIONS AT A AND B OR AT A’ AND B’ PERMITS

INVERSION OF MARK-SPACE SIGNAL SENSE.
NOTE 2: SEE 30.2 ON NEED FOR PROVIDiNG WiRE OR CABLE TERMINATION RESISTANCE
FIGURE 29. Balanced generator driving balanced receiver.
1 meaiEsATAD | INTERCONNECTING 1 1
|‘—'— GENERATOR ———-r-———‘|4— WIRE OR CABLE > RECEIVER —-*i
| l | |
i I i i |
i ! i |
' N I | } |
N v
- N A ii

— G N N\

II — y N\

l vd Y ) /

NOTE 1: THIS MODE OF OPERATION REQUIRES THE BALANCED GENERATOR OFFSET

VOLTAGE TO BE LIMITED TO 0.4 VOLTS. (TYPEI GENERERATOR).
NOTE2: CONNECTING THE RECEIVER TO TERMINAL B PERMITS INVERSION OF

MARK-SPACE SIGNAL SENSE.

FIGURE 30.

Balanced generator driving unbalanced receiver.
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TABLE 1V. Interoperation among devices complying with different low
Tevel digital interface standards.
WIL- FED- | FED-
STD MIL-STD- MIL-STD- STD- 1 STD-
188C 188-100 188-114A 1020A | 1030A
. UG UR | BG UG BR UR | BGI BGII UG BR | BG BR } UG BR
MIL-STD-188C UG 0 X 0 0 X X 0 0O 0 X jo x j0O X
' UR X 0 X X 0 ¢ X 1 X ¢ (I ¢ (X O©
BG 0 X 0 0 X X 0 0] 0 X 0 X 0 X
MIL-STD-188-100 uG 0 X 0 0 X X 0 0 0 X |0 X |0 X
BR X 0 X X 0 0 X X X 0 {x 6 |x O
UR X 0 X X 0 0 X 1 X 0 }1 0 (X 0O
8GI | O X C 0 X X g ¢ 0 X 10 X 10 X
BGIII O I 0 0 X I 0 0 0 x 0 ¥ 1o X
I1L-STD-188-114A UG 0 X 0 0 X X 0 O 0O X |0 X 0 X
BR X 0 X X 0 0 X X X 0 X 0 X 0
FED-STD-1020A BG 0 I 0 0 X 1 0 © 0 x 0 X |G X
BR X 0 X X 0 O X R X 0 (X 0 X O
FED-STD-1030A e lo x [ooxxto o oxloxlox
BR X C X X 0 0 X X X 0 {x 0 }Xx O
LEGEND: I = Interoperation poss1ble if balanced generator offset
voltage is limited to 0.4 volts (see 5.2.1.4) and
correct signal sense is observed {see 5,1.1.1).
X Direct interoperability (see 4.5) except for possible
inversion of s1gna1 sense (see 5.1.1.1).
0 = Not applicable.
BG = Balanced Generator
UG = Unbalanced Generator
BR = Balanced Receiver
UR = VUnbalanced Receiver
BGI = Type 1 Balanced Generator (see 4.4.1)
BGII = Type Il Balanced Generator (see 4.4, 1)

NOTE 1:  Type

IT1 balanced generators may be considered equivalent to type

l balanced generators ln order to determlne 1nteroperab1l1ty,

sidered. (SGE 5. 3.;

NOTE 2 FED-STD-1030A may be considered equivalent to EIA RS-423A and CCITT
Recommendation V.10,

NOTE 3: FED-STD-1020A may be considered equivalent to EIA RS-422A and CCITT
Recommendation V.1l.
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