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ments and Agencies of the Department of Defense, in accordance with the
memorandum of the Under Secretary of Defense for Research and Engineering,
dated 16 August 1983. (See Appendix A).
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FOREWORD

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

2. The Defense Conwnunications Agency (DCA) publ ishec! D5A Circulars (DCAC)
promulgating standards and engineering criteria applicable to the long haul
Defense Communications System (DCS) and to the technical support of the
National Military Comnand System (NMCS).

3. As a result of a Joint Chiefs of Staff (JCS) action, standards for all
military corrxnunicationsare now being published in a PIIL-STD-188 series of
documents. The MIL-STD-188 series is subdivided into a MIL-STD-188-1OO
series covering common standards for tactical and long haul conmnications, 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 connnon standards for tactical
and long haul communications published in the MIL-STD-188-1OO series.

4. This document contains electrical and functional characteristics of the
unbalanced and balanced voltage digital interface circuits applicable to both
long haul and tactical connunications.

5. This document supersedes MIL-STD-188-114 which superseded subparagraph
4.3.1.3 of MIL-STD-188-1OO 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. Uhen 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
acconunodations.
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1. SCOPE

1.1 Purpose. This document specifies the electrica? characteristics of
the unbalanced voltage and 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) ano Data Circuit Terminating
Equipment (DCE) or in any interconnection of binary signals 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 capability 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 quality, and clock/data phase relationship, essen-
tial for satisfactory operation of the interconnected equipment. Those
standards are contained in MIL-STD-188-100 and MIL-STD-18S-200.

1.2 A lication.
+

This document shall be used in the design, installation,
and operation o 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 (de) baseband level. This document shall also be applicable to alarm
and control circuits that are net directly related to data or timing.

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

Any or all of the equipment of the terminal subsystem may be integrated
and combined in a single piece of equipment. When combined jr,a single piece
cf equipment, this document does not apply to internal equipment connections.

Information on the interrelatiotiship of this document. with
102OA, FED-STO-I030A and other low level digital interface standards
in Appendix D.

FED-STD-
is given

1
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This document does not apply tc digital transmission subsystems employ-

ing specialized ncn-binary wavefomls 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 systems 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 desiqn objectives. The parameters and other
requirements spccjfied in this document are mandatory system standards (see
Appendix A) if the word “shall” is used irl connection with the parameter
value or requirement under consideration. Nonmandatory design objectives
are indicated by parentheses after a standardized parameter value or hy the
word “should” in connection with the parameter value or requirement under
consideration. For a definition of the terms “System Standard” anG “Design
Objective” see Federal Standard (FED-STD) 1037.

3
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2.1 Government documents.

2.1.1 Standards. Unless
the issue of the ~epartment
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REFERENCED DOCUMENTS

otherwise specified, the following standards of
of Defense Index of Specifications and Standards

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

STANDARDS

FEDERAL

FED-STD-1037 Glossary of Telecommunication Terms

MILITARY

I$IL-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 Conrnunication Systems

MIL-STD-188-2G0 System Design and Engineering Standards for
Tactical Communications

2.1.2 Other Government documents and publications. The following other
Government documents and publications form a part of this standard to the
extent specified herein.

NACSIM 5100, Compromising Emanations Laboratory Test Reouirementss
Electromagnetic (U)

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-
ed by the contracting officer. )

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
sp~cified In~T&iLd7.

3.2 Abbreviations and acronyms. Abbreviations and acronyms used in this
document are listed illAppendix B.

516
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4. GENERAL REQUIREMENTS

4.1
consist
load.

Description of digital interface circuits. The interface circuits
a generator connected by an interconnecting wire or cable to a

Tie 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,
whereas the receiver characteristics are electrically identical for both the
unbalanced and the balanced voltage digital interface circuits. Guidance is
given in Appendix C concerning the char~cteristics 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 generation
of near-end crosstalk, where applicable. Information on the interrelation
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 for the purpose of exchanging
data and timing signals and to control t% flow of information. Flow control
may be extended from one DTE through one or more DCE to another DTE orI 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 cormnon return.

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

4.3 Signaling rate ranqe. The unbalanced voltage digital interface
circuit (see 1} can generally be utilized on data, timing or clock~ and
control circui& 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.

7
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- )
Digital interface devices meeting the electrical 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
econo~ically satisfy specific applications, particularly at the lower signal-
ing rates.

4.4 Selection of type of digital interface circuit. The choice of either
the balanced or the unbalanced voltage 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. All 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:

The type I 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 11 generator has an offset voltage of up to three volts and
corresponds to the FED-STD-102OA and EIA RS-422A balanced generators. The
type II generator is intended 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 III 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
balanced voltage digital interface clrcult lS Intended for use at higher
signaling rates than the unbalanced voltage digital interface circuit, the
~eneral use of the balanced voltage digital interface circuit is recom-
~ended where any of the following conditions prevail:

-

a. The interconnecting
balanced operation.

wire or cable is too long for effective un-

wire or cable is exposed to extraneous noiset?. The interconnecting
sources that may cause an unwanted voltage in excess of plus or
minus one vclt measured differentially between the signal conductor
a~d circuit connon 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.

- ‘ )
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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 Joad components of the interface
are designed such that balanced and unbalanced voltage digital interface
circuit connections may be carried tn 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 contained in this document are ldent~cal to corresponding parameter
values of FED-STD-102OA and FED-STD-103OA with the exception of the
balanced generator offset voltage Vo~ (see 5.2.1.4) of the type I generator.

This deviation is considered essential for interfaces operating at signaling
rates below MO kb/s, in order to ensure compatibility and direct ~nteroPer-
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.

The type 11 generators are intended for interfaces operating at signal-
ing rates between 100 kb/s and 10 Mb/s, which are not expected to interface
with older equipment designed in accordance with previous standards of the
MIL-STD-168 series. The 0.4 volts offset voltage specified in this document
for the type I generator is a more stringent subset and falls completely
within the specifications of FED-STD-102OA.

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

NOTE : Optional grounding arrangements are contained in 30.6 of Appendix C.

4.7 Interoperabiiity requirements cf ABCA Armies. The electrical charac-
teristics for binary signals at an Interface for the exchange of digital
ififormation among American, British, Canadian and Australian (ABCA) Armies
cr Forces shall comply w~th the applicable requirements of the current
edition of QSTAG 594.

NOTE : The r~quirements of this document are compatible with the requirements
of QSTAG 594.

9
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4.8 Compromising emanations (TEMPEST) requirements. Digital interface
circuits requiring PEST protection shall comply with the applicable
requirements of the current edition of the NACSIM 5100 series.

- )
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5. DETAILED REQUIREMENTS

5.1 Unbalanced voltage digital interface circuit. The unbalanced voltage
digital interface circuit IS shown in Figure The circuit cons~sts of

three parts: the generator (G), the interconnecting wire or cable, and the
load. The load consists of one or more receivers (R) (see 5.1.3.4). The

electrical characteristics of the generator and the receiver are specified 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 I INTER- 1 1
rEGENERATOR ~+cOhlNECTING ~~ LOAD ~1

I 1 WIREORCA6LE I I I

1 I I ,~ RECEIVER ~ I

I

h

I I I I

I 1 I I I
I I I

TO
ADDITIONAL
RECEIVERS,
IFREQUIRED
(SEE S.1 .3.4)

LEGEND:

A,C - GENERATORINTERFACE POINTS

c “ GEJUERATORCIRCUIT GROUND

A’, B’- LOAD INTERFACE POINTS

c’ “ LOADCIRCUITGROUND

Vg - GROUNDPOTENnAL DIFFERENCE

FIGURE 2. Unbalanced voltage diqital interface circuit.

11
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)
5.1.1 Generator characteristics. The electrical characteristics of tle

unbalanced generator are specified in accordance with measurements i?lus-
.trated in Figures 3 through 6 and described in 5.1.1.1 through 5.1.1.9.
The measurements are under stattc conditions, whereas measurements under
dynamic conditions are not standardized. A generator meeting these require-
ments results 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 Si nal sense.
~

The signal sense of the generator output voltages
appearing across t e Interconnecting wire or cable (see Figure 2) shall be as
shown in Table I.

.

TABLE 1. Siqnal sense for unbalanced generators.

4

VOLTAGE POLARITY DATA TIMING CONTROL and ALARM
(See Figure 2)

I
Point A negative with 1 cr MARK OFF” (QUIESCENT) OFF
respect to point C
I 1
Point A positive with O or SPACE ON (ACTIVE) ON
respect to point C

)
● L

NOTE : The MARK and SPACE states for telegraphy and data transmission have
been changed from positive MARK and negative SPACE (MIL-STD-188-1OO, 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 facilities will insure -
that a provision for negative anti positive MARK is acccrriiodated. This does
not mean that negative MARK will necessarily be implemented immediately sitn-
ply because the equipment or facility is new. This guidance is only intended .
to mean that new equipment or facilities will be purchased with the positive
and negative MARK capability and the facilities engineering or opera~in9
agency will be expected to make the necessary decisions to change to negative
MARK on a case by case basis, subject to operational and fiscal constraints.

5.1.1.2 Signaling rate range. Ncf standardized. (See Appendix C)

5.1.1.3 Open-circuit measurement. (See Figure 3.)
state, the magnitude ot the voltage (Vo) measured between

put terminal A and generator circuit ground (terminal C)
thdn 4 volts nor more than 6 volts. For the opposite
polarity of V. shall be reversed (~o).

12

I
, 1 I

For either binary
the generator out-

shall not be less
binary state, the
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OPENCIRCUITMEASUREMENT
FOR EITHER BINARY STATE:
4v51VOIS6v

TESTTERMINATION MEASUREMENT
FOR EITHER BINARY STATE:
lv~l 20.9 IV*I
Rt = 4s0 ohms, * 1 PERCENT

SHORT CIRCUIT MEASUREMENT
FOR EITHER BINARY STATE:
11+ s 1S0 mA

POWER-OFF MEASUREMENT
MXI s 100 PA
Vu IS APPLtED VOLTAGE FROM 4 V
TO +6V

FIGURE 3. Unbalanced qenerator parameter measurements.
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5.1.1.4 Test termination measurement. (See Figure 3.) h’ith a test load

of 450 ohms Z1 percent connected between the generator output terminal A and
generator circuit ground (terminal C), the magnitude of the vc~tage (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 Vt shall be

reversed (Vt) and Vt shall not be less than 90 percent of the magnitude of
n
V. ,

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

k-

A

s
TIME
AXIS

LEGEND; Vt= 5V(ASSUMEDVALUE)

Rt = 4SOohms

FIGURE 4. Nominal waveform of unbalanced generator.

5.1.1.5 Short-circuit measurement. (See Figure 3.) With the generator
output terminal short-circuited tc generator circuit grcund (terminal C),
the magnitude of the current Is flowino through the generatcr output terminal

A st,allnot exceed 150 milliamperes (cM) for either binary state.

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

voltage Vx ranging between +6 volts and -6 volts applied between the genera-

tor output terminal A art generator circuit grcurd (terminal C), Sh?ll ~ot
exc~~d 100 microampere.

,

)

- )

14
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5.1.1.7 Output signal waveform. (See Figure
the generator output between alternating binary

5.) During transitions of
states (one-zero-one-zero,

etc.[, the signal measured across a 450-ohms ~~ percent test load connected
between the generator output terminal A and generator circuit ground (termi-
nal C) shall be such that the voltage monotonically changes between 0.1 and
0.9of Vss. Thereafter, the signal voltage shall not vary more than 10 per-

cent of Vs~ from the steady
v occurs, and at no time shall

volts, nor be less than 3.6

between the two terminated
output.

state value, until the next binary transition

the instantaneous magnitude of Vt or Vt exceed 6

volts. Vss is defined as the voltage difference

steady state values Vt and vt of the generator

5.1.1.8 Output siqnal waveshapin~. (See Figure 5.) Waveshaping of the
generator output signal 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 Vss between 0.1 and 0.3 of the unit

interval (tb) at the maximum signaling rate. Below 1 kb/s, tr shall be

between 100 microseconds and 300 microseconds. The method of providing the
waveshaping is not standardized, but examples are given in Note 3, below.

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-
ploys a fixed amount of waveshaping which meets the standard for the maximum
signaling rate of the operating range, the waveshaping is considered adequate

. for all lesser signaling rates and equal 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 aCtWt~ operating rate.

NOTE 3: The required waveshaping may be accomplished, for example, either by
providing a slew rate control in the generator or by fnserting an RC filter
at the generator interface point. A combination of these methods may also be
employed. Care should be taken to prevent oscillations which may be caused
by slew rate control ctrcuitry. 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 oscillations in the gigahertz (GHz) fre-
quency range which can cause faulty equipment 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 Rw selected so that

Rw plus the output resistance of the generator is approximately 50 ohms, that
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~ G

k— tb I—G +Itrl+
I

I I II
- trl~

II
1 t II II

.

LEGEND: R~ = 450 ohms t 1PERCENT tb = UNIT JNTERVAL

lv~J = lv~ -17J tf = 100p T0300ps WHENtb 2 lmS .

v *$ = DIFFERENCE IN STEADY STATE VOLTAGES t~ = o.ltb TOo.3 tbwHEN tb < 1 mS

FIGURE 5, Unbalanced qenerator output siqrla~waveform.

may be employed with typical twisted pair cable ?re also given. These values
apply for operating distances from zero to that shown by the curve in
Figure 18 of Appendix C for the applicable signaling rate. Where generators
are driving clock leads, the same waveshaping design may be employed as used
on the associated data leads. if the clock signaling rate is directly re-
lated tc the data ~ignaling rate, one half of the period of the clock should
be used in lieu of ti,to determine rise time. (See tIlso subpar.iigraph4.3.1.6

cf MIL-STD-168-1O(J ‘-ard subparagraph 5.3.6 of FIIL-STD-188-200).

16
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I I

- G

--

-
MAXIMUM SIGNALING L

0

RATE (kb/sJ ~MICROFARADS~ Rw IS APPROXIMATELY

O - 2.5 1.0 50 ohms MINUS THE

2.5 - 5 0.47 GENERATOR OUTPUT

5 - 10 0.22
RESISTANCE

10 - 25 0.10
25 - 50 0.047
so - 100 0.022

FIGURE 6. Example method Yor waveshaping of unba~anced voltage diqital
interface circuit.

5.1.1.9 hiqh impedance output state. The generator output should be per-
mitted to assume a high impedance state, If required for multiple qenerator
bus operation. If a high impedance state is implemented, the output voltage
shall be nominally zero for the high impedance state when measured with a
test termination as stated in 5.1.1..4.

5.1.2 Wire or cable characteristics. Not standardized.

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

5.1.3 Load characteristics. The load consists of one or more receiv~rs
(R) as shown in Figure 2. ThE electrical characteristics of a sinqle re-
ceiver without fail-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 dekice meeting these requirements results in a differential receiver having
a high input impec?ance (4000 ohms or more), a small input threshold transi-
tion region betwee~ -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 operation for specific applications are allowed in
the load within the limitations specified in 5.1.3.6. The receiver used in
the load for the unbalanced voltage digital interface circuit is electrically
identical to the receiver for the h!anced voltage digital interface circuits
stated in 5.2 and 5.3.

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


NJL-STO-188-114A
30 September 1985 -

5.1.3.1 Receiver input current-voltage measurement. (See Figure 7.) With
the voltage via (or Vib) ranging between -10 volts and +10 volts, while

Vib (or Via) is held at O volts {grounded), the resultant input current Iia

(or Iib) shall remain within the shaded region shown in the graph in Figure

8. These measurements shall be made with the power supply (or supplies) of
the receiver in both the power-on and power-off conditions.

5.1.3.2 Receiver input sensitivity measurement. (See Figure 8.) Over an ‘
entire common mode voltage (Vcm) range of -7 volts to +7 volts, the receiver

shall require a differential input voltage Vi of not more than 200 millivolts -

(mV) to correctly assume the intended binary state. The connon mode voltage
v
cm

is defined as the algebraic mean of the two voltages appearing at the

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

the opposite binary state. The receiver is required to maintain correct
operation for differential input signal voltages ranging between 200 mVand 6
volts jn magnitude. The maximum voltage (sjgnal plus comnon 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. Additionally, the receiver shall tolerate the conditions speci-
fied in 5.1.5 without being damaged. )

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

5.1.3.3 Receiver input balance measurement. (See Figure 9.) The balance
of the receiver input voltage-current characteristics and bias voltages shall -
be such that the receiver will remain in the intended binary state when a
differential voltage (Vi) 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

varied between -7 volts and +7 volts. I#hen the polarity of Vi IS reversed,

the opposite binary state shall be maintained under the same conditions.

5.1.3.4 Multiple receivers. Not standardized.

lmLunuL-nJ mlllnm Ill] I 1 A 1

NOTE : The use.of up to ten receivers in the load may be optionally employed.
However, extreme caution must be exercised to avoid performance degradation
due to signal reflections from stub lines emanating from the load interface
point to the r~ceivers. See 5.1.3.6 for limits on total load resistance and
sensitivity.

/-)
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+ 3.25 rnA

ViR●

-3.25mA
I
I
I
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FIGURE 7. Receiver Input current-voltaqe measurement.

F
> ~i

R + Vi

+200mV- -- - -900

-200mV~

t

D --- - - - -

m

●

/

L
‘Vi+ t

- -6V● ✍✍

REGION —

FIGURE 8. Receiver input sensitivity measurement.
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I + / A’

I R, I
+

1
I R

‘)

Ri
w

-0

LEGEND: VCm = -7VT0 +7V

Vi = 400mV

Ri = 5000hms, $1 PERCENT

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 application) 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 points (terminals A’ and B’ of Figure 2) and shall
require a differential input voltage of not more than 200 mV for all re-
ceivers to assume the intended binary state. .

5.1.4 Operational constraints. An unbalanced voltage digital interface
circuit conforming to W117 perform satisfactorily at signaling rates up “
to 100 kb/s providing t~at the following operational constraints are simul-
taneously satisfied:

a. The interconnecting wire
mended for the applicable
Appendix C.

b. The common mode voltage
(peak). The convnon mode

or cable length is within that recom-
signaling rate indicated in 30.3.5 of

at the receiver is less than 4 volts
voltage is defined to be any uncompen-

sated combination of generator-receiver ground potential dif-
ference, the generator offset voltage (Vo~), and longitudinally

cwpled peak random noise voltage measured betwern the receiver
circuit ground and the wire or cable with the generator ends of the -~
wire or cable short-circuited to ground.

20
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c. The amplitude of the received signal is at least 0.2 volts
greater than the total peak noise between the s<~nal conductor and
consnon 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.

NOTE : 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.

5.1.5 Circuit protection. Interface Lircuit 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 Objectfve: 25 volts) on
the receiver leads.

b. Shorting of the generator or the receiver terminals to ground or to
each other.

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

d. Opening of either or both of the generator or receiver leads.

e. Whenever the generator or receiver is to be connected by a metallic
circuit directly to pairs of an outside plant cable, adc!itfonal
protective circuitry shall be provided to protect the generator and
receiver against the spurious voltage transients and power surges
comnonly experienced across a cable pair or between either conduc-
tor of a cable pair and ground. The protective circuitry shall be
adequate to ensure that the generator or receiver will not be
damaged by the appearance across the cable pair or between either
conductor and ground, of

(1) a voltage transient of up to
second rise time and decaying
600 microseconds, and

(2) a voltage transient of up to
second rfse time and decaying
2000 microseconds.

1000 volts peak with a 5 micro-
to 50 percent of peak “~’?age in

350 volts peak with a 10 micro-
to 50 percent of peak voltage in

NOTE : The faults or conditions listed In 5.1.5 may cause the power dissipa-
tion in the interface devices to approach the maximum power d~ssfpation that
may be tolerated by a typical IC package. It is therefore cautioned that
where multiple generators or receivers are tmplwe~~ied in a single IC pack-
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 voltaqe diqital interface circuit. The balanced voltage

digital interface circuit is shown in Figure 10. The circuit consists of
three parts: the generator (G) which may be a type I or a type II 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 (Rt). The electrical characteristics of the

generator and the receiver are specified in terms of direct electrical mea-
surements. Guidance is provided 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 aenerator are s~ecified in accordance with measurements illustrated
in Figure; 11, 12 and ’13 and described in 5.2.l.i through 5.2.1.8. The
characteristics apply to both type I and type II 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 voltage source that will produce a
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 signal sense of the generator output voltages
appearing across the interconnecting wire or cable (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
(See Figures 10 and 14)

Point A negative with 1 or MARK
respect to point B

Point A negative with O or SPACE
respect to point B

TIMING

I

CONTROL and ALARM I
OFF (QUIESCENT) OFF

ON (ACTIVE) ON

●

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 volts
nor more than 6 volts. For type I generators, the magnitudes of the open-
circuit voltages Voa and Vob measured between the generator output terminals

A or B and the generator circuit ground (tetminal C) shall not be less than 2
volts nor more than 3 volts. For type 11 generators, the magnitudes Of the

22
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I BAIAWED I
,- GENERATOR ~“- &~]E&NG - LOAD ~1

[ wlREOR~BLE I
; I

I I
1 I

I
I

l&w&:&R~~ RECEIVER ZI

I I
TERMINATION I I

G

-
D

TO ADDITIONAL

~ RECEIVERS,

IF REQUIRED.

(SEE S.2.3.4)

LEGEND:

A,8-

c-

A’, B’ -

c’ -

Rt -

‘9 -

GENERATOR INTERFACE POINTS

GENERATOR CIRCUIT GROUND

LOAD INTERFACE POINTS

LOAD CIRCUIT GROUND

OPTIONAL WIRE OR CABLE TERMINATION
RESISTANCE

GROUND POTENTIAL DIFFERENCE

FIGURE 10. Balanced voltaqe diqltal Interface circuit.
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G

B
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-

A

G

OPENCIRCUITMEASUREMENT
FOR EITHER BINARY STATE:
4VSIVGI=6V
TYPEI: 2VslV~l =3

2v ~ [v~bl = 3
TYPE 11: IVOJ s 6 V

}vobl 56 V

TEST TERMINATION MEASUREMENT
FOR EITHER BINARY STATE:
IVJ 2 qs Ivol
llv~l -IVJI s 0.4 v
Iv~~ -~oJ ~ 0.4 v
TYPE 1: IVOSI s 0.4 V
TYPE 11: l!/.+ s 3 V

)

SHORT CIRCUIT MEASUREMENT
FOR EITHER BINARY STATE.
ll~al s 150 mA
l~~bf= 150mA

POWER-OFF MEASUREMENT
ll~J s 100@
l~Xb! S 100@
V, IS APPLIED VOLTAGE
TYPE 1: VX FROM 4 V TO + 6V
TYPE 11: V. FROM -=0.25 V TO + 6 V

=1 I

FIGURE 11. Balanced qenerator parameter measurements.
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open-circuit voltages Voa and Vob measured between the generator

minals A or B and the generator circuit ground (terminal C) shall
than 6 volts.

5.2.1.4 Test termination measurement. (See Figure 11. ) Uith
of two resistors, ohms fl percent each, connected in series

output ter-

not be more

a test load
between the

generator output terminals A and B, the magnitude of the differential voltage
Vt measured between the output terminals A and B shall not be less than one-

half of the absolute value of V. (see 5.2.1.3). For the opposite binary

state the polarity of Vt shall be reversed (Vt). The magnitude of the dif- -

ference of the absolute values of Vt and ~t shall not be more than 0.4 volts.

The magnitude of the difference of Vos for one binary state and Vo~ for the

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

(see 4,4.1), th~ magnitud~ 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 II
generators (see 4.4,1), the magnitude of the generator offset voltage Vos
shall not be mere thar 3 volts for either binary state.

NOTE ; Nominal voltage waveforms for alternating binary states are shown in
Figure 12 for type I and type 11 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 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 ]Xb

shall not exceed 100 microampere 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 11 generators the temninal AC/BC
voltages Vx shall range between +6 volts and -0.25 volts.

5.201.7 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 *1O 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 V~s within 0.1

of the unit interval tb or 20 nanoseconds (ns), whichever is greater. There-

after, the signal voltage shall not vary more than 10 percent of V~~ from the

steady state value, until the next binary transition occurs, and at no time

25

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


FIIL-STD-188-114A

30 September 1985 )

ALTERNATING
MARK/SPACE
INPUT

TYPEIGENERATOR

ASSUMPTION: IVAE[ = 5V

Ivosl - Ov

LEGEND: Rt = 500hms

TYPE II GENERATOR

ASSUMPTION: IVADI = 5 V

[Vosl = 2.5 V

“)

+2.sv - * { +5v- 4

vAC OV
TIME vAC
AXIS

-2.5 v / -oV

+ w

Ov

-5 v

TIME
AXIS

.
+5v - \ L A

VAB OV

-s v ●

+ 2.5 V \ 9 + Sv 4 e 4 ~

Voc o v TIME vnc
AXIS

-2.5 V _ -A * ● Ov -)

FIGURE 12. Nominal waveforms of type I and type II generators.
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DIFFERENCE IN STEADY STATE VOLTAGES
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RISETIME

0.1 % OR 20 ns, WHICHEVER IS GREATER

FIGLJRE 13. Balanced qenerator output Slclnal wavefo~.
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shall the instantaneous magnitude of Vt or Vt exceed 6 vclts, nor be less

than 2 volts. Vs~ is defined as the voltage difference between the two ter-

minated steady state values (~t and Vt) of the generator output.

NOTE: The lower limit of the risetime tr is not standardized. The upper

limit of the risetime tr 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 h~gh ~mpedance state, if required for multiple generator
bus operation. If a high impedance state is implemented, the output voltage
shall be nominally zero for the high impedance state when measured with a
test termination as stated in 5.2.1.4.

5.2.2 Wire or cable characteristics. Not standardized.

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

5.2.3 Load characteristics. The load consists of one or more receivers
(R) and an optional w~re or cable termination resistance (Rt) as shown in

Figure 10. Guidelines on the need for a wire or cable termination resistance
are given in 30.4 of Appendix C. The electrical characteristics of a single
receiver without optional wire or cable termination and fail 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 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-
tion for specific applications are allowed in the load 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.

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

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

5.2.3.3 Receiver input balance measurement. Same as 5.1.3.3,

5.2.3.4 Mu~tiDle 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 performance degradation 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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5.2.3.5 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 application) 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 30.5.2 of Appendix C.

5.2.3.6 Total load characteristic limits. The total load, including mul-
tiple receivers, fail-safe provisions, and wtre or cable te~ination (if
implemented), shall have a- resistance greater than 120 ohms between its
input points (terminals A’ and B’ of Figure 10) and shall require 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 (Ilt) is optional,

depending upon the specific environment in which the interface circuit is
employed. See 5.2.3.6 for limits on total load resistance and 30.4 of Appen-
dix C for guidelines on the need for a wire or cable termination resistance.

5.2.4 Operational constraints. A balanced voltage digital interface cir-
cuit conforming to perform satisfactorily at signaling rates up to
10 Mb/s providing th; ;;e 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 comnon mode voltage at the receiver is less than 7 volts
(peak). The corrxnon mode voltage is defined to be any uncompensated
combination of generator-receiver ground potential difference, the
generator offset voltage Vos, 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 11 generators with up to 3 volts of offset voltage
will reduce the conrnon mode noise protection margin by an amount proportional
to the value of the offset voltage.

NOTE 2: Care should be taken when power for dfstant 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.

I .- --
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5.2.5 Cjrcuit protection. Same as 5.1.5.

5.3 Terminated voltaqe diqital 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-
connecting wire or cable, and the load. The terminated voltage generator re-
quires a termination resistance (Rtj, with a grounded center tap. The ter-

mination resistance (Rt), although external to the generator, is considered

to be part of the generator circuit and is necessary to match the relatively
high generator source impedance to the characteristic impedance of the trans-
mission line. A similar type termination is also required at the end of the
transmission line where the receiver is connected. The terminated voltage
generator has characteristics similar to, and may be treated like, a con-
stant-current generator, although the actual implementation may not be a true
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 which in turn drives the transmission line. The voltage
polarity reverses when the current direction changes. The advantage
of this circuit configuration is that the rise and fall time of the voltage
waveform is primarily determined by the constant-current generator and is
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 (lit’)is selected to match the character-

istic impedance of the transmission line to the relatively high input impe-
dance of the receiver.

5.3.1 Generator characteristics. The electrical characteristics of the
type iII generator (see 4.4.1) are specified in accordance with the measure-
ments illustrated in Figures 15 and 16 and described in 5.3.1.1 throu9h
5.3.1.7. The measurements are under static conditions, whereas meiwrements
under dynamic conditions are not standardized. A generator meeting these
requirements results in a low impedance (150 ohms or less) balanced voltage
source that will produce a differential voltage applied to the interconnect-
ing wire or cable in the range of 2 voJts to 6 volts.

5.3.1.1 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 IJ. (See Note of 5.1.1.1. )

5.3.1.2 Sicjnaling rate ranqe. Not standardized. (See 4.3. )

5.3.1.3 Output voltaqe measurement. (See Figure 15.) Uith a termination
of two resistors (R

t) , each between 50 ohms and 75 ohms, connected in series

between the generator output terminals A and B and balanced to ground within
21 percent$ the magnitude of the differential voltage (Vt) measured between

the generator output terminals A and B shall not be less than 2 volts nor -
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c- GENERATOR CIRCUIT GROUND
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IF REQUIRED.

(SEE 5.3.3.4)

FIGURE 14. Terminated voltaqe dlqital interface circutt.
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FIGURE 15. Terminated voltaqe qenerator parameter measurements.
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more than 6 volts for either binary state. The magnitudes of Vta and V’tb

measured between the generator output terminals A or B and the generator cir-
cuit ground (teml~nal 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 (Rtj, each between 50 ohms and 75 ohms, connected in series between

the generator output terminals A and B and balanced to ground within =1
percent, the magnitude of the difference of the absolute values cf Ia and Ib

shall be less than or equal to 4 mA. The current balance shall be verified
by measuring the voltage drops Vta and vtb. The magnitude of the difference

of the absolute values of Vta and Vtb shall be less than or equal to 0.2

volts, for either bjnary 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 lb 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 Ia and Ib shall be less than or equal to 4 mA for either
binary state.

5.3.1.6 Power-oft test. (See Figure 15.) Under power-off conditions, the
generator shall not be damaged by an external voltage Vx rang~ng 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 Output siqnal 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
(Rt), each between 5G ohms and 75 ohms, connected in series between generator

output terminals A and B and generator circuit ground and balanced to ground
within ~1 percent, shall be such that the voltage monotonically changes
between G.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 Vs~ within 12 ns. Thereafter, the signal

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

value, ur~til the next binary transition occurs, and at no time shall the
instantaneous magnitude of Vt or Vt exceed 6 volts, nor be l=> tnan 2 volts.

v is defined as the voltage difference between the two steady state va?ues

(~~ and Vt) of the generator output.

NOTE ; The lower limit of the risetime tr is not standardized.
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FIGURE 160 Terminated voltaqe qenerator output siqnal waveform.
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5.3.2 Wire or cable characteristics. (Set Fiqure 14.) The interconnect-
ing wire or cable shall be balanced to ground and shall have a characteristic
impedance between 100 ohms and 150 onms measured at 10 megahertz (MHz).

5.3.3 Load characteristics. (See Figure 14.) The load consists of one or
more receivers and a balanced termination resistance (Rt’) which is

identical to the generator termination. The receiver is the same as the re-
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 5.3.3.6) and wire or cable termination resistance (see 5.3.3.7).

.

5.3.3.1 Receiver input current-voltaqe 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 Multiple receivers. (See Figure 14.) No more than two monitor
circuits or add itional receivers shall be employed. The monitor circuits or
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
less than 3 meters in length.

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 (terminals A’
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 Wire 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 *I percent.

5.3.4 Operational constraints. Under consideration.

5.3.5 Circuit protection. Same as 5.1.50

5.4 Functional interchange cfrcuits. Functional interchange cfrcuits are
described in 4.2 and shown as an example in Figure 17.

5.4.1 Interchange circuit requirements. For the excha~ge of information
between D~ and DCE, the functional interchange circuits listed in Table 111,
or an applicable subset, shall be used. A receive-only asynchronous balanced
interface, for example, shall use the receive data and signal ground cir-

k
cuits, as a minimum configuration. The signal ground interchange circuit
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shall be used in all interfaces. The send common and receive conmon shall be
used as shared returns in each signal direction, as required, for unbalanced
circuits not having individual sep-arate returns.

TABLE III. Functional interchange circuits.

CIRCUIT DIRECTION

REQUEST TO SEND FROM DTE TO DCE
CLEAR TO SEND FROM DCE TO DTE
RECEIVE 11’4PUT 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 COFIBION RETURN
SIGNAL GROUND GROUND

5.4.2 Interchange circuit functions. The interchange circuits listed in
Table 111 shall function as stated in ~.4.2.l through 5.4.2.10. ,

5.4.2.1 Request to send. This circuit shall control the data channel
transmit function of the D~E 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 D~ is ready to transmit data on the data channel. The ON signal
sense (see Table 11) shall indicate that the DCE is ready to transmit data,
and the OFF signal sense shall indicate that the DCE is not ready
data.

5.4.2.3 Receive input control. This circuit shall be used to
the DCE that the is ready to receive data. The ON signal
Table 11) shall indicate that the DTE is ready to receive data,

to transmit

indicate to
sense (see

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 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.

37
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5.4.2.6 Send timin . This circuit shall be used to provide the DTE with
●-t timi.g information.transmit slgna

NOTE : Detailed requirements for clock equipment, control and timing are
contained in subparagraph 4.3.1.6 of MIL-STD-I88-1OO and subparagraph 5.3.6
of MIL-STl)-188-200.

5.4.2.7 Receive timing. This circuit shall be used to provide the DTE
with receive signal element timing information. (See Note of 5.4.2.6. )

5.4.2.8 Send cormon. This circuit shall be connected to the DTE circuit
ground (circuit comnon) and shall be used at the DCE as a reference 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 comnon. This circuit shall be connected to the DCE
circuit ground (circuit common) and shall be used at the DTE as a reference
potential for the receiver of the unbalanced voltage digital interface
circuit when separate signal returns are not used. (See Figure 24 of Appen-
dix C.)

5.4.2.10 Siqnal qround. This circuit shall connect the DTE circuit ground
(circuit comnon) to the DCE circuit ground (circuit comnon) to provide a
metallic path between the DTE and DCE signal comnons.

Custodians: Preparing activity:

Army - CR Army - CR
Navy - EC (Project TCTS - 1141)
Air Force - 17

Review activities:

Army - AC, AV, MI, SC, TE
Navy - AS, CG, MC, NC, OM, SA, SH, YD
Air Force - 01, 11, 13, 71, 80
DCA - DC
NSA - NS
JTCSA - Ca

User activites International interest:

Army
Navy
Air Force

ABCA

Other Interests:

DODECAC
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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RESEAnCM ANO
ENGIFuCERING

THE UNDER SECRETARY OF DEFENSE

WASHINGTON, D.c. 20301

HEMORANDW FOR ASSISTANT SECRETARYOF THE ARMY (IWTAUATIONS, LOGISTICS &
FINANGIAL MANAGEMENT)

ASSISTAM SECRETARY OF THE NAW (SHIPBUILDING & LOGISTICS)
ASSZSTANT SECR&TARYOF THE AIR FORCE (RESEARCH DEVELOPMENT
& LOGISTICS)

COMANDANT OF THE MARINE CORPS
DIRECTOR, DEFENSE COMMUNICATIONS AGENCY
DIRE~OR, NATIONAL SECURITY AGENCY

SUBJECT: Mandatory Use of !Mlitary Telecommunications Standards Ln the
MXL-STD-188 Series .

on Play10, 1977, Dr. Gerald DUmeen, then Assistant Secreta~ of i)efense(C31!,
issued the following policy statement regardtig the mandatory nature of the
KIL-STD-188 series telecommmicat~ons standards:

“...standardsas a general rule are now cited as ‘approved for Usef ra~her
than ‘mandato~ for use’ in the Department of Defense.

This deference to the judgment of the designing and procuring agencies is
clearly appropriate to standards dealing with process, component mggedness
and reltibillty,paint finishes, and the like. It is clearly not appropriate
to standards such as those h the ?41L-sTD-188 ~erles which ●ddress telecommuni-
cation design p-ammeters. These tifluence the functional integrity of telecom-
munication systems aad theti ability to efficiently interoperate with other
functiomlly similar Government and commercial systems. Therefore, relevant
military standards In the 188 series W121 contl.nueto be mandatory for use
within the Department of Defense.

To mlnlmlze the probability of mlsappltcation of these standards, it Is
incumbent upon the developers Or tho PtI&STD-188 scrtes to insur8 that each
standard is not only essential but Or unifomly high quality, clear and concise
as to app~icat~on, and wherever possible compatible with existing or proposed
national, international and Federal telecomnication s~dards. It is ●lso
i.nWISbentupon the users of these standards to cite in their procurement specifi-
cations only those s~ndards which ●re clearly necessary to the proper functioning
of the devico or systems over lts projected lLfetime.”

Tills
policy of

stitement has been reviewed
the Deputment of Defense.

by this office and conttiues to be the

).-
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APPENDIX B
ABBREV1ATIONS AND ACRONYMS

20. GENERAL

20.1 Sco e.TTl- The Appendix contains a list of abbreviations and acronyms used
in MIL- -188-114A.

20.2 Application. This appendix is a non-mandatory part of MIL-STD-188-
114A.

ABCA

AWG

bit

b/s

CCITT

dB

dc

DCE

DTE

EIA

FED-STD

GHz

GWG

kb/s

ktiz

km

m

American-British-Canadian-Austral ian

American wire gauge

binary digit

bit(s) per second

International Telegraph and Telephone Consulta-
tive Comnittee

decibel

direct current

d~ta circuit terminating equipment

data terminal equipment

Electronics Industries Association

Federal standard

9
gigahertz (1 GHz = 10 hertz)

green wire ground

integrated circuit

kilobit(s) per second
(1 kilobit = 1000 bits)

kilohertz (1 kHz = 1000 hertz)

kilometer

meter (s)
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mh

Mb/s

MHz

MIL-STD

ms

mV

ns

pF

QSTAG

RC

Sc

v
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-)
milliampere

megabit(s) per second
(1 Mb/s = I,000,OGG bits per second)

6megahertz (1 MHz = 10 hertz)

military standard

millisecond(s) (1 ms = 10-3 seconds)

millivolt(s) (1 mV = 10-31 volts)

-9nanosecond(s) (i ns = 10 seconds)

picofarad (1 pF = 10-12 farad)

Quadripartite Standardization Agreement

receive common

send conunon

volt(s)

I
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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
MIL-STD-188-114A. The information contained herein is intended for guidance
only.

. 30.2 Application. When interconnecting equipment using the electrical
characterist~cs 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 cable 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 sam 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 comonly available wire or cable used for telephone applications
should meet the characteristics given fn 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 Interface 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.
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30.3.2 Mutual pair capacitance. For paired wires, the capacit~nce between
one wire in the pa~r to the other wire should not exceed 60 picofarads per
meter (approximately 20 picofarads per foot), ana the 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 cable
to all other wires in the cable sheath, with all other wires connected to
ground, should not exceed 120 picofarads per meter (approximately 40 pico-
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
interface circuits, the balanced crosstalk from one pair of wires to any -
other pair in the same cable sheath should have a minimum value of 40 dB o~
attenuation measured at 150 kHz.

30.3.5 Wire or cable length for unbalanced voltage digital interface
circuit. he maximum operating distance 1s primarily a function of the
amount of interference (near-end crosstalk) coupled to adjacent circuits in
the equipment interconnection. Additionally, the unbalanced circuit is
susceptible to exposure to differential noise resulting from any imbalance
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 advised to restrict the wire or cable length to a minimum, consis-
tent with the requirements for physical separation between generator and
load.

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 telephone cable w~th a
shunt capacitance of 50 picofarads per meter (approximately 16 picofarads per
foot), a 50-ohm generator impedance, a 12-volt peak-to-peak generator signal, ‘
and allowing a maximum near-end crosstalk of 1 volt peak. The rise time (tr)

of the generator signal at signaling rates below 1 kb/s is 100 microseconds
and above 1 kb/s is 0.1 unit interval (see 5.1.1.8).

The user is cautioned that the curve given in Figure 18 does not account
for conwnon mode noise or near-end crosstalk levels 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 Figure 18 will ensure a zero-voltage crossing ambiguity of less
than 0.05 unit interval, many applications can tolerate greater timing and
amplituae distortion. Thus, correspondingly greater cable lengths may be
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 hds
shown in most practical cases that the operating distance at lower signaling
rates may be extended to several miles.

)
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voltaqe diqital interface circuit.
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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 cable length for cable pairs with different charac-
teristics. As long as the signal rise time allows the signal to achieve 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.

30.3.6 Wire or cable length for balanced voltaqe digital interface cir-
cuit. The maximum permissiblee length of wire or cable separating the genera-
tor and load is a function of signaling rate and is influenced by the toler-
able signal distortion, the amount of longitudinally coupled noise and ground
potential difference introduced between the generator and load circuit
grounds, as well as by wire or cable balance. Increasing the physical
separation and interconnecting wire or cable length between the generator and
load interface points, increases the exposure to comnon nnde noise, signal
distortion, and the effects of wire or cable imbalance. Accordingly, users
are advised to restrict wire or cable length to a minimum, consistent with
the requirements for physical separation between generator and load.

The curve of signaling rate versus cable length given in Figure 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
load signal quality requirements of:

)

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

b. A maximum voltage loss between generator and load of 6 dB.

Neglecting noise, interfaces can actually tolerate much greater voltage
losses. For example, using a generator with an output voltage of 4 volts and
a receiver with a sensitivity of 0.2 volts, allows a 20 to 1 voltage 10ss or
26 dB of attenuation. However, any noise present on the cable may cause
additional zero-voltage crossings of the signal and an increase of the bit
error rate.

At the higher signaling rates (9O kb/s to lo 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
below 90 kb/s, the cable length has been limited at 1200 inters (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 conmon mode noise beyond the limits specified 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 Figure 20 will ensure a zero-voltage crossing ambiguity of less

-)
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FIGURE 19. Cable pair RC time constant versus cable lendh.
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than 0.05 unit interval, many applications can tolerate greater t~ming and
amplitude distortion. Additionally, many applications can also tolerate a
voltage loss of greater than 6 dB, as stated above. Thus, correspondingly
greater cable lengths may be employed than those indicated. Experience has
shown that in must 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. Figure 19 shows the cable
RC time constant versus cable length for cable pairs with different charac-
teristics. As long as the signal rise time allows the signal to achieve
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 1 and type 11 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 kb/s) or at any signaling rate where the propagation delay 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 transmitted. As e
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 materials
employed. For example, the characteristic impedance of average 24 AWG copper
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
satisfactory, the higher values leadin$ to lower power dissipation. (See
5.2.3.6).

At lower signaling rates, where zero-voltage
signal rise time are not critical, the wire or cable
Therefore, no termination resistance is required
unbalanced voltage digital interface circuit.

crossing ambiguity and
need not be terminated.
or specified for the

30.5 Fail-safe operation. It may be required that specific interface
leads be made fail-safe to certain fault conditions. The method of providing
fail-safe is not standardized. An example of fail-safe operation for the
unbalanced and the balanced voltage digital interface circuit is 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 diqital
interface circuit, ~shown In Figure as an example, WIIT
provide a steady binary condition of a single receiver f~r 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

d. Open connector (both signal lead and the signal comnon
open simultaneously).

—

present).

return are

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 little 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 load to reduce any spurious noise, as a

result of near-end crosstalk, to an ineffective level. The suggested values
for Cf 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 vo7taqe digital inter-
face circuit. he circuit shown in }lgure 22 as an example, WI1l 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 comnon return still connected. )

50
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FIGURE 21. Example method of fall-safe for unbalanced
voltaqe dlqltal interface chcult.
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FIGURE 22. Example method of fail-safe for balanced voltaqe digital
interface circuit.

c. Generator not implemented (signal leads may or may not be pre-
sent).

d. Open connector (both signal leads and the cormnon 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 listed above. In normal operation, the low source
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
against single open ground returns, and is not applicable where a termination
resistance Rt is used.

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 tin~e, will expand fault coverage to

- )

.

- )
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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
the load (A’ to b’ of Figure 22) to be less than 120 ohms (see 5.2.3.6). 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.

30.6 Optional qrounding arrangements. In addition to the mandatory
grounding requirements of MIL-STD -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 ~nterconnection. 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 circujt ground connected to frame ground which in turn is
connected to earth ground (e.g.. through the third wire or green
wire ground (GWGJ 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 conunon) 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 llCEwhen 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.

c. By connecting circuit RC (recefve comnon) to DTE circuit ground
by means of a wiring option jn 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 llTE 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, TtIis 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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FIGURE 23. Examples of optional qroundin~ arrangements.
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d. The connection between circuit ground and frame ground may be made
through a 100-ohm, *2O percent$ one-half watt resistor. Uhen 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 Siqnal conxnon return for unbalanced voltaqe digital interface
circuit. The interconnection between the generator and

& in Figure 24 consists of a signal conductor and a
signal comnon return. In order to minimize the effects of ground potential

difference (Va) a~ld longitudinally coupled noise on the signal at the load

interface poin~, 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 configu~ations
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 connon returns may be shared, as shown in
configuration 2 of Figure 24, however, a separate signal return 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 comnon 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 conunonsignal 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 LJ

GUIDELINES ON INTEROPERATIONAMONG DEVICES COMPLYING
WITH DIFFERENT LOW LEVEL DIGITAL INTERFACE STANDARDS

40. GENERAL

40.1 Sco e.
+

This appendix contains guidelines on interoperation among
devices compying with different low level digital interface standards. This

. appendix is not a mandatory part of PIIL-STD-188-114A. The information
contained herein is intended for guidance only~

, 40.2 A Iication.
.+

Uhen interconnecting equipment using electrical charac-
teristics s~ec Ie in this docu~nt with interfaces using other electrical.
characteristics, consideration should be given to problems that may be
encountered due to the different electrical characteristics.

40.3 Unbalanced voltaqe diqital interface standards. Basically, the older
EIA Standard RS-232C has been modltled by RS-423 and RS-423A to essentially
the same electrical characteristics as the MIL-STD-188C and the MIL-STD-188-
100 Unbalanced Low Level Digital Interfaces which have been superseded by
141L-STD-188-114. The EIA RS-232C interface circuit reconsnends that the
length of the interconnecting wire or cable be limited to 50 feet. This
1imitation has been removed by the EIA Standard RS-423A. The EIA Standard
K-423A has been adopted as FED-STD-103OA 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-103OA or MIL-STD-188-114A receivers.

.

.

The significant difference between the MIL-STD-M8C or F’!IL-STD-188-1OO
and the MIL-STD-188-114A unbalanced low level digital interface circuits is
that the receiver in PIIL-STD-188-l14A has a balanced input, even though it is
used with an unbalanced generator. The choice of a balanced receiver was
done deliberately for the following specific reasons:

a. Noise imnunity and reducing the problem of ground potential
differences between generator and rece~ver(s).

b. Convenience of inverting the MARK and SPACE signal sense (see
Note of 5.1.1.1).

c. Uniformity of receivers for economic advantages in mass produc-
tion.

40.4 6alanced voltage digital Interface standards. Basically, the
balanced low level di~ital interface circuit contained in HIL-STD-188-1OO and
FEO-STD-1O2OA (which ~dopts EIA Standard RS-42ZA) is the same as the balanced
voltage dig~tal interface circuit contained in MIL-STD-188-114A. The signi-
ficant electrical difference between MIL-STD-18B-l14A and FED-STD-102OA is
the permitted generator offset voltage for type I generators (see 4.4.1).
The permitted 3-volt generator offset of FED-STD-102OA is limited to 0.4
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volts in MIL-STD-188-114A for type I generators operating below 100 &b/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-188-1OO and newer circuits designed in accordance
with MIL-STD-188-114 and MIL-STG-188-114A.

If the type I generator offset voltage would not be limited to ().4
volts, an “engineered” incompatibility would exist between all Older
unbalanced receivers built in accordance with MIL-STD-188C or MIL-STD-188- .
100, and new balanced generators complying with MIL-STD-188-114A. In recog-
nition that such an “engineered” incompatibility would have a severe techni-
cal and economical impact, MIL-STCJ-188-114A limits the permitted generator .
offset voltage for balanced interfaces operating at sign~ling 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.

40.5 Interfacing balanced or unbalanced generators with balanced or
unbalanced receivers. Figures 25 through 30 are intended to convey the
simplicity of interfacing generators and receivers~ both balanced or
unbalanced, that have been-designed in accordance with MIL-STD-18&, hlIL-STD-
188-100, MIL-STD-188-114, FED-STD-102O or FED-STD-103O, or revisions.

A realistic way to approach the application engineering problem is:
)

a. To consider the generator (except the type 111 generator; see
4.4.i) 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 voltage operated device that is

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 signaling rates
the characteristic impedance of typical twisted pair telephone cable levels
off to approximately 100 ohms.

Whi?e 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
FEL-STD-102(M with their offset voltage limited to (,).4volts will operate
cGrrectly with any MIL-STD-188C or M1L-STU-188-1OO unbalanced receiver. New
M ~ .YC-i&8-l14A receivers will operat~ correctly with MIL-STD-188C or
1(1:-STD-i88-l?U generators. These relat..lnships regarding interoperability ---
c. -“!J{)\\n me.{ 1A form in ~tible IV.
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40.5.1 Examples of interfacing unbalanced generators with balanced or
unbalanced receivers. Figure shows how an unbalanced generator designed
in accordance with MIL-STD-188C, MIL-STD-188-1OO or MIL-STD-188-114A is
connected to an unbalanced receiver designed in accordance with FIIL-STD-
188C or MIL-STD-188-100. Figure 26 depicts the same generator as shown in
Figure 25 connected to a balanced receiver, designed in accordance with
MIL-STD-188-1OO or MIL-STD-188-114A, without inversion of the MARK-SPACE
signal sense; whereas Figure 27 shows the same configuration as Figure 26
except the MARK-SPACE signal sense is inverted by changing the connections at
the balanced receiver input.

Fjgure 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 replaced by a balanced generator at a later date, without changing
the interconnecting wire or cable, the patch and test facilities, and other
related hardware.

40.5.2 Examples of interfacing balanced generators with balanced or
unbalanced receivers. Figure 29 depicts a typical balanced Interface clrcult
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).

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-188-1OO 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 I 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.
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NOTE 1: REVERSING WIRECONNE~ONS ATAAND BORATA’ANDB” PERMITS
INVERSION OFMARK-SPACE SIGNALSENSE.

NOTE2: THIS MODEOFOPERAmONHAS ESSENT’IALLYALLOF~EADVANTAGES OF
BALANCEDOPEMmON REGARD!NGNOISE IMMUNITYAND GROUNDPOTENmAL
DIFFERENCES.

FIGURE 28. Unbalanced qenerator drlvlnq balanced wire ~alr with balanced
receiver.

61

--- .

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


MIL-STD-188-114A
30 September 1985 —

)
8ALANCED 1 TERMIN- 1 I

:~ GENERATOR ~~+lNTERCO~NE~NG~AnoN*l~ RECEIVER ‘1

I I
WIRE OR~BLE , I I

I I I I I

I
/ 1 I I I

t I I 1

A’ I

*V

A

-

w

—
A

-

r- ~=

G

;4 ~

Rt R

B
Tv s’

c
~c’

-.

NOTE 1: REVERSING WIRE CONNE~ONS AT A AND B OR AT A’ AND 8’ PERMITS
INVERSION OF MARK-SPACE SIGNAL SENSE.

NOTE 2: SEE 30.2 ON NEED FOR PROVIDING WIRE OR CABLE TERMINATION RESISTANCE.

FIGURE 29. Balanced qenerutor drl vlnq balanced receiver.

;~ GENERATOR 1—++
lNTERCONNE~NG

WIRE OR CABLE

I I

i
I !
r

I
*

RECEIVER +

— G

i
I
I
I

I
I
1
I

NOTE 1: THIS MODE OF OPERATION REQUIRES THE BALANCED GENERATOR OFFSET
VOLTAGE TO BE LIMITED TO 0.4 VOLTS. (TYPE I GENERERATOR).

NOTE 2: COhJNE~iNG THE RECEIVER TO TERMINAL B PERMITS INVERSION OF
MARK-SPACE SIGNAL SENSE.

FIGURE 30. Balanced aenerator drl vina unbalanced recel ver.

62

II PIIIC1 Clnlllnuru .

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


MIL-STD-188-114A
30 September 1985

TABLE IV. devices complying with different low
ace standards.

HIL-
STD
188C

UGUR

MIL-STD-188C

I

UGOX
URXO

BG o x
MIL-STE-188-1OO UG o x

BR x o
UR x o

BGI o x
BGII O I

MJL-STD-188-114A UG o x
BR x o

FED-STD-102OA IBGOI
BRXO

FED-STD-103OA
I

UGOX
BRXG

MIL-STD-
1B8-1OO

BGUG BR W?

Ooxx
Xxoo

Ooxx
Ooxx
Xxoo
Xxoo

CJoxx
00XI
Ooxx
Xxoo

00XI
Xxoo

00XX
Xxoo

FED- FEU-
MIL-STD- STD- STD-
188-114A 102OA 103OA

BGI BGII UG BR BG Bli UG BR

I Io 0 ox ox ox
X I XO IO XO

o 0 ox o x o x
o 0 ox o x o x
x x Xo x 0 x o
x I Xo 1 0 x o

0 0 ox o x o x
o 0 ox o x !) x
o 0 ox o x o x
x x Xo x 0 x o

I Io 0 ox ox Lx
x x Xo Xo Xo

I Io 0 ox ox ox
x x Xu Xo Xo

LEGEND: I = lnteroperation possible if balanced generator offset

NOTE 1:

NOTE 2:

NOTE 3:

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 signal sense (see 5.1.1.1). -

0 = Not applicable.
BG = Balanced 6enerator
UG = Unbalanced (ierterator
BR = Balanced Receiver
UR = Unbalanced lleceiver
BGI = Type I Balanced Generator (see 4.4.1)
BGII = Type II Balanced Generator (see 4.4.1)

Type 111 balanced generators may be considered equivalent to type
1 balanced generators in order to determine interoperability,
however signaling rate and termination differences must be con-
sidered. (See 5.3. )
FED-STD-1030A may be considered equivalent to EIA RS-423A and CCITT
Recommendation V.1O.
FED-STD-1020A may be considered equivalent to EIA W-422A and CCITT
I?ecomnendation V.11.

I
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