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. This' ddéument is based-on matéhal submitted by various

participants duiring the: drafting process. Neither AEEC mor

'ARINC has made any determination whether these - materials -
" could be subject to valid claims of patent, copyright or other -

proprietary rights by thlrd partles, and no representatmn or
warranty, express.or 1mp11ed is made in this regard. - Any use

of or reliance on this document shall constitute an acceptance
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FOREWORD
Activities of AERONAUTICAL RADIO, INC. (ARINC)
and the
Purpose of ARINC Characteristics

Aeronautical Radio, Inc. is a corporation in which the United States scheduied airlines
are the principal stockholders. Other stockholders include a variety of other air transport
companies, aircraft manufacturers and non-U.S. airlines.

Activities of ARINC include the operation of an extensive system of domestic and
overseas aeronautical land radio stations, the fulfillment of systems requirements to accomplish
ground and airborne compatibility, the allocation and assignment of frequencies to meet those
needs, the coordination incident to standard airborne communications and electronics systems
and the exchange of technical information. ARINC sponsors the Airlines Electronic Enginecring
Committee (AEEC), composed of airline technical personnel. The AEEC formulates standards
for electronic equipment and systems for the airlines. The establishment of Equipment
Characteristics is a principal function of this Committee.

An ARINC Equipment Characteristic is finalized after investigation and coordination with
the airlines who have a requirement or anticipate a requirement, with other aircraft operators,
with the Military services having similar requirements, and with the equipment manufacturers.
It is released as an ARINC Equipment Characteristic only when the interested airline companies
are in general agreement. Such a release does not commit any airline or ARINC to purchase
equipment so described nor does it establish or indicate recognition of the existence of an
operational requirement for such equipment, not does it constituie endorsement of any
manufacturer’s product designed or built to meet the Characteristic. An ARINC Characteristic
has a twofold purpose, which is:

(1)  To indicate to the prospective manufacturers of airline electronic equipment the
considered opinion of the airline technical people, coordinated on an industry
basis, concerning requisites of new equipment, and

(2) To channel new equipment designs in a direction which can result in the
maximum possible standardization of those physical and electrical characteristics
which influence interchangeability of equipment without seriously hampering
engineering initiative.

ii
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ARINC CHARACTERISTIC 716 - Page 1

1.0 INTRODUCTION AND DESCRIPTION

1.1 Purpose of This Document

This document sets forth the desired characteristics of a
new generation VHF Communications Transceiver System
intended for installation in all types of commercial
transport aircraft. 'The intent of this document is to
provide general and specific design guidance for the
development and installation of a VHF Transceiver
primarily for airline use. It will describe the desired
operation capability of the equipment and the standards
necessary to ensure interchanageability,

Section 3.0 is applicable to the 25 kHz channel-spaced
voice and data modes of operation. Section 4.0 is
applicable to an optional 8.33 kHz channel-spaced voice
mode of operation and defines only the characteristics
specific to the 8.33 kHz channel-spaced mode of
operation, such as the channeling, the frequency selection,
the selectivity, the frequency stability, the frequency
response, and the transmitter occupied spectrum. The
characteristics in Section 3.0 are also applicable to the
optional 8.33 kHz channel-spaced voice mode of
operation unless otherwise specified in Section 4.0.

COMMENTARY

The 8.33 kHz channel-spaced mode of operation for
voice communications, if implemented concurrently
with the 25 kHz channel-spaced modes of operation,
would require dual-bandwidth receivers to ensure
inter-operability of the airborne transceivers with the
current {25 kHz) and proposed European narrowband
(8.33 kHz) VHF voice communications systems.
The narrowband mode of operation is limited to
voice communications,

Equipment manufacturers should note that this document
encourages them to produce maintenance-free, high
performance equipment rather than that of minimum
weight and size. They are at liberty to accomplish this
objective by means of the technigues they consider to be
the most appropriate. The airline customers are interested
primarily in the end result rather than the means
employed to achieve it.

1.2 Function of Equipment

The function of the VHF Communication Transceiver is
to provide the aircraft with a voice or data
communications capability with the ground via
conventional VHF circuits.

1.3 Unit Description
1.3.1 VHE Transceiver Unit

The VHF Transceiver unit should house all the
components, electronics circuitry, etc., incident to channel
selection, receiving and transmitting functions of YHF
air-ground-air communications.

1.3.2 Frequency Control .

Manual frequency control of the VHF Transceiver should
be accomplished from a VHF frequency control unit or
the equivalent data input from a centralized radio
management system, The VHF Transceiver control
should utilize the 2-wire serial digital frequency/function
selection system defined in ARINC Specification 429.

1.3.3 Antenna

The VHF Comm. antenna should be vertically polarized
and provide omnidirectional azimuth radiation pattern
coverage.

1.4 Interchangeability
1.4.1 General

One of the primary functions of an ARINC Equipment
Characteristic is to designate, in addition to certain
performance parameters, the interchangeability in an
aircraft of equipment produced by various manufacturers.
The manufacturer is referred to Section 1.6 of ARINC
Report 414 for definitions of terms and general
requirements for the airline industry for
interchangeability. As expilained in that report, the degree
of interchangeability considered necessary and attainable
for each particular system is specified in the pertinent
ARINC Equipment Characteristic for that system.

1.4.2 Interchangeability Desired for the ARINC 716

YHE Transceiver

Unit interchangeabilty is required for the transceiver
regardiess of manufacturing source. In recognition of the
widely varying control unit designs expected in the future,
unit interchangeability is not sought in the control unit
except, however, that electrical interface of controls shall
conform to the digital signal standards set forth in this
characteristic.

1.4.3 "Generation Interchangeability” Considerations

In defining the equipment described in this characteristic,
the air transport industry has chosen to depart from
several of its previous VHF transceiver standards. In
order to achieve the full benefit of the economics offered
by these changes, the industry desires that no provisions
be made in the equipment for backward compatibility with
with earlier generations of VHF Communication
equipment described by ARINC 520, ARINC 546,
ARINC 566 and ARINC 566A.

Unchanged, however, is the industry’s tradititional desire
that future evolutionary equipment improvements and the
inclusion of additional functions innew equipments during
the next few years, do not violate the interwiring and
form factor standards set forth in this document.
Provisions to ensure forward-looking *generation

BOEING
Ex. 1041, p. 9



ADDED: December 30, 1994
ARINC CHARACTERISTIC 716 - Page 1A

1.0 INTRODUCTION AND DESCRIPTION (cont’d)

1.4.3 "Generation Interchangeability" Considerations
{cont’d)

interchangeability" (as best can be predicated) are
included in this document to guide manufacturers in future
developments.

1.5 Regulatory Approval

The equipment must meet all applicable FAA and FCC
regulatory requirements, Manufacturers are urged to
obtain all necessary information from the FAA and the
FCC for such regulatory approval. This information is
not contained in this characteristic, nor is it available
from ARINC.

1.6 System Parameters

System parameters applicable to air-ground-air VHF
communications may be found in Appendix 1 to this
Characteristic. They have been excerpted from ICAQ
Annex 10, "International Standards and Recommended
Practices, Aeronautical Telecommunications”, and from
the report of the ICAO’s 7th Air Navigation Conference.

NEXT PAGE INTENTIONALLY LEFT BLANK
: BOEING
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ARINC CHARACTERISTIC 716 - Page 2 '

REVISED: December 30, 1994

2.0 INTERCHANGEABILITY STANDARDS

2.1 Imfroduction

This Section of this Characteristic sets forth the specific
form factor, mounting provisions, interwiring, input and
output interfaces and power supply characteristics desired
for this VHF Communications Transceiver.

Manufacturers should mnote that although this
Characteristic does not preclude the use of different form
factors and interwiring features, the practical problem of
redesigning what will then be a standard aircraft
installation to accommodate some special system could
very well make the use of that other design prohibitively
expensive for the customrer. They should recognize,
therefore, the practical advantages of developing
equipment in accordance with the standards set forth in
this document.

2.2 Form Factors, Connectors & Index Pin Coding

2.2.1 Transceiver Unit

The Transceiver should comply with the dimensional
standards in ARINC Specification 600, "Air Transport
Avionics Equipment Interfaces (NIC Phase 1)", for the 3
MCU form factor. The Transceiver should also comply
with ARINC 600 standards in respect of weight, racking
attachments, front and rear projections and cooling.

The Transceiver should be provided with a low insertion
force, size 1 shell ARINC 600 service connector. This
connection, which should accommodate service
interconnections in its middle insert (MP), automatic test
equipment interconnections in its top insert (TP) and
coaxial and power interconnections in its bottom insert
(BP), should be located on the center grid of the
receiver’s rear panel. Index pin code 04 shouid be used.

The ATE interconnection insert (TP) will not be included
in the mating half of the connector installed in the aircraft
since ATE interconnections are employed in the bench
testing of the receiver only. This insert should be
provided with a protective cover to prevent contamination
of the contacts during the time the receiver is installed in
the aircraft. Further guidance on the ATE interface will

¢-8 | be found in Chapter 6 of this document.

2.2.2 "Standard Control Pane]"

Frequency control of the ARINC 716 VHF Transceiver
is effected by means of facilities provided on a VHF
NAV/COMM control panel, a dedicated control panel on
the data entry panel of a centralized radio management
system. The approach used in a given airframe will be
the choice of the airline and/or the airframe manufacturer.
Guidance on the design of a VHF COMM control panel
suitable for use with the ARINC 716 VHF Transceiver
may be found in Attachment 7 to this document, in
accordance with the tradition in ARINC Equipment
Characteristics of setting forth certain standardized
provisions for a "Standard Control Panel" which should
be made available by equipment manufacturers for those
customers having "standard" needs.

COMMENTARY

The Mythical "Standard Control Panel”

The term "Standard Control Panel" as used in this
Characteristic applies to a control panel conforming
to the functional specification in Attachment 7 of this
Characteristic and having form factor and connector
functions as set forth therein. The standard
interwiring is included in Attachment 2,

2.2.3 Antennas

There are no specific form factors set forth herein for the
antennas to be employed with this particular equipment as
there are numerous designs presently on the market for
the purpose. Attachment 5 shows a typical antenma.
Designers of new antennas are encouraged to survey the
present antenna mounting provisions and maintain
compatibility insofar as is practicable with the present
standard mountings, depending upon, of course, on the
particular aircraft type for which the antenna is intended
and the need to minimize weight. It is recognized that for
most air transport applications the antepnas will be
integrated into the airframe design and it is, therefore,
only in special installations or retrofit installations where
specific "antenna units" would be needed.

Further general information on antennas may be found in ¢
Section 5.0.

2.3 Interwiring

The standard interwiring to be installed for the VHF
COMM Transceiver is set forth in Attachment 2. This
interwiring is designed to provide the degree of
interchangeability specified in Section 1.4, and
manufacturers are cautioned not to rely upon special
wires, cabling or shielding for use with particular units
because they will not exist in the standard installation.

COMMENTARY

Why Standardize Interwiring?

The standardized interwiring is perhaps the heart of
all ARINC Characteristics. It is this feature which
allows the airline customer to complete hig
negotiation with the airframe manufacturer so that
the latter can proceed with engineering and initial
fabrication prior to airline commitment on a specific
source of equipment. This provides the equipment
manufacturer with many valuable months in which to
put the final "polish" on his equipment in
development.

The rteader’s attention is directed to the interwiring
guidance in ARINC Report No. 414, Section 5.0. This
material defines all of the basic standards utilized in
airframe wiring installations and all equipment
manufacturers should make themselves familiar with it.

BOEING
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REVISED: January 15, 1982
ARINC CHARACTERISTIC 716 - Page 3

2.0 INTERCHANGEABILITY STANDARDS {cont’d)

The reader is also cautioned to give consideration to the

specific notes in Attachment 2 as they apply to the

standard interwiring.

2.4 Power Circuitry
2.4.1 Primary Power Input

The VHF Transceiver and Control Panel should be
designed to use 27.5 volts DC primary power. The
aircraft power supply characteristics, utilization,
equipment design limitations, and general guidance
material are set forth in ARINC Report No. 413A,
"Guidance for Aircraft Electrical Power Utilization and
Transient Protection.”

One circuit breaker of the size shown in Attachment 2
should be provided in the standard installation.

2.4.2 Power Control Circuitry

There should be no master on/off power switching within
the VHF Transceiver. Any user desiring power on/off
control for the unit should provide, through the medium
of a switching function installed in the airframe, means of
interrupting the primary power to the equipment. It
should be noted that primary power on/off switches for
the VHF Transceiver will not be needed in most
installations, and power will be wired directly to the
equipment from the circuit breaker panel.

2.4.3 The Common Ground

The wires designated as "Common Ground" (or as chassis
ground) are used for the DC ground return to the aircraft
structure and may be grounded to the chassis of the
equipment if the manufacturer so desires. In any event,
they will be grounded to the ship’s structure. They
should not be used as common returns for any circuits
carrying AC currents.

2.4.4. Internal Circuit Protection

The basic master power protection means for the
transceiver will be external to the unit and utilize a
standard circuit breaker rating. Within the equipment, no
master power protection means is to be provided,
although subdistribution circuit protection is acceptable
where the set manufacturer feels this would improve the
overall reliability of the equipment.

If internal protection by fuses is employed, these fuses
shouid not be accessible when the set is installed in the
aircraft radio rack, but gshould be replaceable only when
the equipment goes through the service shop.

If such subdistribution circuit protection is by means of
circuit breakers, the majority prefer that these be
accessible on the front panel of the equipment so that they
can be reset in service.

2.5 Environmental Conditions

The VHF Transceiver should be specified environmentally
in terms of the requirements of RTCA Document DO-
160, "Environmental Conditions and Test Procedures for
Airborne Electronic/Electrical Equipment and
Instruments", dated February 28, 1975. Attachment 4 to
this Characteristic tabulates the relevant environmental
categories.

2.6 Cooling

The VHF Transceiver should be designed to accept, and
airframe manufacturers should configure the installation
to provide forced air cooling as defined in ARINC
Specification 600. The standard installation should
provide an air flow rate of 13.6 kg/hr of 40°C air and the
unit should not dissipate more than an average of 62 watts
of energy. The coolant zir pressure drop through the
equipment should be 5 + 3 mm at standard conditions of
1013.25 mbars. This pressure drop does not include the
drop through a returning orifice when such orifice-is
located external to the equipment case.

COMMENTARY

The specified cooling air flow rate is based on an
estimated average power dissipation. However, it
should be noted that power dissipation during
transmission will be higher than the estimated
average. Thus, the specified air flow rate will be
less than the rate recommended in ARINC
Specification 600 (NIC) for the maximum
dissipation.

COMMENTARY

Equipment failures- in aircraft due to inadequate
thermal management have plagued the airlines for
many years. In Section 3.5 of ARINC Specification
600 they have written down everything they believe
airframe and equipment suppliers need to know to
prevent such problems in the future. They regard
this material as "required reading" for all potential
suppliers of VHF Transceivers and aircraft
installations.

2.7 Grounding and Bonding

The attention of equipment and airframe manufacturers is
drawn to the guidance material in Section 3.2.4 of
ARINC Specification 600 and Appendix 1 of ARINC
Specification 404A on the subject of equipment and radio
rack grounding and bonding.

¢4
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REVISED: November 30, 1983

3.0 TRANSCEIVER UNIT DESIGN

3.1 [Freguency Range and Channeling

The transceiver should operate on a total of 760 channels
spaced 25 kHz apart in the band 118.000 to 137.000
MHz. Channel changing time should not exceed 60 ms.

COMMENTARY

Prior to the publication of Supplement 5 of this
Characteristic, the upper frequency limit was 136
MHz, with the ability to operate in the band 136-138
MHz when needed. The 1979 World Administrative
Radic Conference of the ITU allocated an additional
1 MHz of spectrum to the Aeronautical Mobiie (R)
Service, resulting in the new allocation 118 to 137

~ MHz. While operational requirements have not yet
been fully identified, the users desire that all ARINC
716 radios operate over that frequency band.

3.2 Frequency Selection

The transceiver should be designed to utilize the serial
digital frequency/function selection system described in
ARINC Specification 720, Two serial digital data ieput
ports should be provided, one labeled "Freq./Funct.
Select Data Input Port A" and the other "Freq./Funct.
Select Data Input Port B". (See Attachment 2 to this
document for the connector pin assignments.} The
receiver should determine Whicg of these ports should be
open to admit data by reference to the binary state of the
tuning data source selection discrete. It should respond to
data delivered to the "A" port and ignore data delivered
to the "B" port when the source selection discrete is in the
"ground” state. It should respond to data delivered to the
"B" port and ignore data delivered to the "A" port when
the discrete is in the "open circuit” state. The "ground"
state of the discrete is defined as 2 voltage between 0 and
+3.5 VDC at the connector pin assigned to the discrete
in Aitachment 2. The maximum current flow in the
discrete wire in this condition should not exceed 20 mA.
The "open circuit” state is defined as a voltage greater
than -+18.5 VDC (+30 VDC maximum) at this pin or a
resistance to DC ground from this pin of greater than
500,000 Qs.

‘When the transceiver is installed in an aircraft in which a
dedicated control panel supplies tuning information, the
data bus from that panel should be connected to the "B"
port on the receiver, The "A" port and the source
selection discrete are unused. When the receiver is
installed in an aircraft in which a ceniralized radio
management system is employed, its normal control
source should be connected to the "A" port, its back-up
source to the "B" port and the source selection discrete
wired in the manner described in the radio management
specification.

ARINC Specification 429, "Mark 33 Digital Information
Transfer System (DITS)", defines the format of the serial
digital tuning signal delivered to the transceiver and the
word repetition rate (5 per second minimum). Should this
rate fall befow 5 per second (word removal from the bus
signifies tuning information source failure), the word
sign/status matrix indicates an invalid condition, or the
word parity fail to be odd, the transceiver should remain
funed to and operate on the last valid frequency received.

The VHF transceiver should recognize frequency/function
words with Source/Destination Identiﬁere?SDI) bits 9 and
10 encoded with its own installation number or encoded
with "00", the "all-call" code as defined in ARINC
Specification 429. See Note 1 to Attachment 2 for pin
encoding of the installation numbers.

3.3 Residual FM Specification

A modulation index of 1 or better should be achieved
across the entire range of the transceiver.

3.4 Transmitter Frequency Offset

The transceiver should be capable of double-channel
operation, i.e., transmitting on a frequency higher by
some whole number of megahertz than that on which its
receiver is tuned. Sufficient flexibility should be provided
to permit the same or a different value for this offset to
be selected for each whole megahertz of receiving

frequency.

Double-channel operation should be effected by the
grounding of the "Frequency Offset Enable” wire, either
y the control panel or other source.

COMMENTARY

The amount of separation of transmit and receive
frequencies that might be employed in
communications systems of the future has not yet
been determined. It is assumed that once they are
established, however, offset values will be subject to
no more than very infrequent change. It is
anticipated, therefore, that offset selection for each
receive frequency will be made within the transceiver
by reference to a hard-wired program.

3.5 Transmit to Receive Recovery

With the receiver squelch set to operate at 3 uV, the
receiver should recover after transmission to provide 90 %
of its output at an input level of 10 ¢V modulated 30% at
1000 Hz in less than 50 ms.

3.6 Receiver Design

3.6.1 Sensitivity

With a 2 ¢V (hard) signal, amplitude modulated 30% at
(llgOO Hz, the signal-plus-noise-to-noise ratio should be 6

3.6.2 Selectivity

The nose pass band and the stability of the receiver
should be such that when a carrier modulated 30% at
1000 Hz is applied on any assigned carrier frequency
there is no more than 6 dB attenuation when it is moved
to £8 kHz from its assigned frequency.

The skirt selectivity should be such that at least 60 dB of
attenuation results when the modulated carrier departs
+17 kHz or more from its assigned frequency.

-6
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3.0 TRANSCEIVER UNIT DESIGN (cont’d)

Note:  Although the airlines have pot chosen to specify
bandwidths for attenuations greater than 6% dB,
they do expect rejection to increase (to at least
100 dB) as the modulated carrier departs more
than +17 kHz from its assigned value.

COMMENTARY

1t is the equigment manutfacturer’s option to choose
the stability figure for the receiver, even though it
may to some extent be dictated by the stability
specified for the transmitter elsewhere in this
Characteristic. It should be evident that the
foregoing specification sets forth the minimum nose
bandwidth and the maximum 60 dB skirt bandwidth
for the receiver. Obviously, a wider-than-minimum
nose bandwidth and/or a narrower-than-maximum
skirt bandwidth are acceptable to the airlines in
actual practice. The manufacturer is free to trade
these numbers with stability as he sees fit.

In making his decisions, the manufacturer might note
that early utilization of offset carrier (CLIMAX)
networks in the 25 kHz channel-spaced environment
may well be facilitated if a wider-than-specified nose
bandwidth is provided, Later on, as 25 kHz channel
deployment increases, receivers having enchanced
adjacent chanpel rejection, i.e., 60 dB skirt
bandwidths of + 15 kHz or less, may well find favor
in the market place. Despite the fact that by that
time, all offset carriers should be reliably constrained
within 48 kHz of their assigned channei frequencies,
the prudent manufacturer will still provide a wider-
than-specified nose bandwidth. "In addition to
ensuring optimal utility of the equipment, this
approach will also provide the airlines with an
inservice maintenance run-down margin on these
important characteristics.

For purposes of illustration, Attachment 3 shows a
typical receiver’s selectivity characteristics based on
an assumed recetver stability that is believed to be
reasonable. It must be realized, however, that the
stability figure suggested for the receiver in that
Attachment is not part of the specification material
contained in this Characteristic. Note further that no
allowances are included in Section 3.4.2 for a non-
symmetrical pass-band or other design problems.
These deficiencies in actual receivers must be
cons%dered within the limits set forth in Section
3.4.2.

3.6.3 Undesired Responses

All spurious responses, including image, should be down
at least 80 dB. All spurious responses within the
frequency band of 118 to 136 MHz should bs down at
least 100 dB and preferably 120 dB.

3.6.4 Cross Modulation

The undesired cross modulation product should be down
at least 10 dB with respect to the audio output when the
desired signal is modulated 50% under the following
conditions;

l#_
Undesired Minimum Desired
Signal Undesired Sigpal Level-
Frequency Signal Level Unmodulated
Modulated 50% {(Hard pV)
(Hard pV)
425  kHz 10,000 10
+50  kHz 20,000 10
+100 .kHz 60,000 - 10
+5G60 kHz 100,000 10
+1 MHz 200,000 10

With the simultaneous application to the input of the
receiver of a 30% modulated off-resonance signal with an
unmodulated desired signal, the audio :elﬁut produced b
the undesired signal should not ex -10 dB wi
reference to the output produced by the desired si
only (when modulated 30%) under the conditions
specified below. With the desired signal level varied
from 3 uV to 0.1 volt, and the audio gain adjusted in
each case for 100 mW output, the receiver should meet
the above specification with the following undesired

signals:

Undesired Signal Off Resonance
Level
0.06 volts 0.1 MHz
0.3 volts 0.5 MH=z.
0.6 volts 1.0 MHz
1.2 volts 2.0 MHz
COMMENTARY

No-one reading this section should believe that
reflects the airlines true requirements for receiver
cross modulation performance and interference
rejection. ‘They really want very much better
performance than this, but found difficulty in
trying to write a meaningful specification of "just
how much better". A short historical note will
explain why.

At the time ARINC Characteristic 546 was being
prepared, the "all-transistor" receiver was just
about to become a commercial reality. Despite its
many advantages over its tubed predecessor, there
were some areas in which it could not match the
performance of the older radio, of which cross
modulation performance and interference rejection
was one. 'lqne reasons for this were bound up in
the limitations of semi-conductor state-of-the-art at
the time.

Fortunately in this respect, the requirement for
double chanoel duplex operation, foreseen when
ARINC Characteristic 520A was written, had not
materjalized, nor was it necessary to specify more
than the very minimum provisions for it in ARINC
Characteristic 546. This enabled the airlines to
acce;l))t the contemporary transistor receiver
capabilities without submitting to too many
operational problems.
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3.0_TRANSCEIVER UNIT DESIGN (cont’d)

3.6.4 Cross Modulation {cont’d)
COMMENTARY (cont’d)

With the advent of the need for the re-introduction
of crossband operation into the airborne
transceiver, fhe requirement for good cross
modulation and interierence rejection capabilities
has returned. The airlines require latest-state-of-
the-art capability in first generation ARINC 716
equipment and even better than this in subsequent
designs. Eﬂ:lipment manufacturers  should
recognize that the airlines regard this area as one
in which considerable design effort should be
expended, involving in all probability the semi-
conductor device industry in some basic R&D.

3.6.5 Audio Output

An audio output should be provided which is isolated
from ground. A service control should be provided
within the transceiver for adjustment of the output level.
The adjustment should vary the output from 5 mW to 40
mW into a 600 +20% Q resistive load. The nominal
setting should be 10 mW at 1,000 Hz, The output circuit
should be able to endure a short circuit (zero ohms) and
ogen circuit, and should operate normally after removal
of the short or open.

3.6.5.1 Audio Source Impedance

The audio output circuit should present less than 20 Q
impedance to the load circuit under all power-on
conditions (signal and no-signal) when measured using the
Figure 1 and Figure 2 methods of Attachment 9. The
audio output circuit should present less than 50 0
impedance to the load circuit (measured using the Figure
2 method of Attachment 9) when no power is applied to
the unit. The source impedance limits should apply over
the frequency range of 100 Hz to 6,000 Hz.

3.6.5.2 Qutput Repulation

With the output signal adjusted to 10 mW into 600 £} at
1000 Hz, the outimt voltage should not change more than
2 dBV when the load is varied between 450 Q and 2,400
{1 and by not more than 6 dBV when the load is varied
between 200 £ and 20,000 ©. The above described
output regulation should also be true when tested using
350 and 2,500 Hz signals.

3.6.5.3 Gain

The receiver gain should be such that 2 2 pV signal
modulated 30% at 1000 Hz will produce at least 40 mW
of output into 500 +20% Q resistive load.

3.6.5.4 Hum Level

Hum and noise in the receiver output should be at least 40

dB below 10 mW output with a 1000 pV 30% 1000 Hz
modulated reference input,

'3.6.5.5 Voice Phase Shift Limit

The audio power output level should not va.rsy more than
6 dB over the frequency range 300 Hz to 2500 Hz with
respect to a reference level of up to 10 mW

established at 1000 Hz with a constant input carrier level
modulated 30%. A sharp cut-off in response below 300
Hz and above 2500 Hz is desirable. Frequencies above
3750 Hz should be attenuated at least 20 dB and
preferably 40 dB.

3.6.5.6 Distortion

With an input signal of 1000 uV modulated with 1000 Hz
and the receiver gain adjusted to produce 40 mW into a
500  resistive load, the total harmonic distortion should
not exceed 7.5% with 30% modulation or 20% with 90%
modulation (with the gain control reset to maintain the
iJutput at 40 mW), including any effects of the voice
imiter,

3.6.5.7 Voice Phase Shift Limit

With 1000 gV modulated with 1000 Hz and the output

ievel adjusted for 40 mW into a 600 L} resistive load, the

audio output phase should not depart from that of the

Eositive going moduiation envelope at the receiver input
y more than -30 degrees or +120 degrees.

COMMENTARY

The phase shift limits of the audio output are
different from those of data/SEIL.CAL output due to
the number of stages required for the processing of

each signal type.
3.6.6 Automatic Gain Control

The receiver amplitude modulation output should not vary
more than 3 dB with -ingut signals from 5 uV to 100,000
pV, and not more than 6 dB with input signals from 5 gV
to 500,000 V. Variation of percentage modulation
should have pegligible effect on the automatic gain
control. The receiver should not overload with one volt
of f energy (hard) applied to antenna terminals.

3.6.7 Desensitization and Interference Rejection

Circuitry shouid be included for the prevention, insofar as
practicable, of receiver desensitization due to ulse-tylpe
mterference, As the magnitude and character of the pulse
interference levels expected in a typical installation in the
future is not known, system performance specifications
would be meaningless. The following specification
paragraphs 3.6.7.1, 3.6.7.2, and 3.6.7.3 are not madc a
requirement of this Characteristic, but are included as
being typical of the type and degree of protection that is
likely to be needed. The content of 3.6.7.1, 3.6.7.2 and
3.6.7.3 apply when rf pulses having the following
characteristics are introduced into the receiver through a
52-L} dummy antenna:

Width of Pulse
Repetition Rate
Waveform

10 42 us

1000 4100 pps

Rise and decay time each
less than 1 ps

3.6.7.1 AGC Versus Pulse Interference
With the receiver sensitivity set to maximum and with a

test signal of 3 to 1000 uV, modulated 30% at 1000 Hz,
the resulting 1000 Hz output, should not decrease more

c-6
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3.0 _TRANSCEIVER UNIT DESIGN (cont’d)

than 2 dB for pulses haviag the same carrier level, or
more than 10 dlg for pulses with amplitudes 100 times the
carrier level, introduced simultaneously with the standard
test voltages.

3.6.7.2 Squelch Versus Puise Interference

The squelch should not open when pulses and
unmodulated carrier on the same uency are
introduced, having the following levels in microvolts:

Squelch Carrier Pulse Peak
Threshold Level Amplitude
r 5 0 3000
" 5 3 1000

3.6.7.3 Pulse Noise Qutput

With the receiver gain adjusted so that a test signal of 100
@V, modulated 30% at 1000 Hz, produces 10 mW output
in a 600-0) resistive load, substitution of pulse-type
interference superimposed upon the 100 uV carrier in lieu
of the 1000 Hz modulation should not produce more than
5 Ii.lw audio output with pulse peak amplitudes up to one
volt.

3.6.7.4 Receiver Operation in the Presence of Inband
Transmisgion

The receiver design should be the best that the state-of-
the-art can provide with respect to freedom from
interference from transmitters operating in the 118,000 to
137.000 MHz band on the same aircraft. There should
be no squelch tripping or degradation of receivers
performance when a 25 watt transmitter tuned to a
frequency 6 MHz or more removed from that to which
the receiver is tuned is operated into an antenna space-
isolated from the receiver’s antenna by 35 dB. If 45 dB
of space isolation is provided between the two antennas,
there should be no interference or squelch tripping when
the transmission frequency is as close as 2 Z o the
receive frequency.

3.6.7.5 Qui-of-Band Broadecast _Intermodulation

Interference

No degradation of performance should occur when third
order intermodulation products in the VHF
communications band of 118.000 to 137.000 MHz result
from two or more FM broadcast signals of -5 dBm or less
mixing within the receiver. See Attachment 8 of this
document. .

3.6.7.6 Qut-of-Band FM  Broadcast
Interference

Desensitization

No degradation in performance should occur if the
aggregate level of one or more FM broadcast signals
across the VHF communications transceiver input
terminals is less than -5 dBm. See Attachment 8 of this
document.

3.6.8 Squelch Provision

Manufacturers are encouraged to provide the best possible
squelch system: one that can distinguish between
communications signals and the usual es of
interference and receiver background noise which can
obscure such signals, Sophisticated squelch systems
which automatically adjust the squelch threshold to match
the masking level of the noise are highly desirable so that
the user can take full advantage of the highest possible
sensitivity capability in the receiver when the aircraft is
away from ground generated noise conditions, but will
also automatically adjust the sensitivity level of the
receiver when flying over industrial areas where heavy
noise levels exist. The desire is that the squelch be
capable of tripping open whenever a readable signal is
present, yet remain closed whenever a signal is below the
noise level,

The receiver squelch should open when signals are
received from multiple stations in an offset carrier
network. Up to five such stations may transmit
simultaneously on frequencies falling within the receiver
passband.

COMMENTARY

A carrier-to-noise type of squelch may see the
multiple ground station signal complex as noise and
refuse to open. Thus, a carrier-override squelch
sensor may also be needed to enable the receiver
audio circuits when the received signal level is 20
#V or greater.

Irres%ective of how stable and reliable the squelch system
may be, it should aiso be possible te disable the squelch
by command of a test function as part of the serial
frequency control format.

3.6.9 SELCAL /Data Output

An output isolated from ground having a source
impedance of 300 Q or less and independent of the voice
output and its associated squelch, noise limiters, audio
compressors, eic., should be provided. A service
adjustment independent of the voice or sidetone outputs
should be proviéjed within the transceiver for output level
adjustment.

3.6.9.1 Gain

The receiver gain should be such that a 2 uV signal
modulated 30 % at 1000 Hz will produce at feast 0.5 VAC
of output into a 600 +20% 12 load.

3.6.9.2 Frequency Response

The total receiver frequency response should be within 3
dB from 312 Hz to 1200 Hz and the post detection
response with respect to 1000 Hz should be within -6 dB
from 300 Hz to 6.6 kHz.

3.6.9.3 Distortion

With an input signal of 1000 gV modulated with 30%

mod 1000 and the level adjusted to provide 0.5 V

guép;t into 600 Q, the total distortion should not exceed
PLE
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3.0 _TRANSCEIVER UNIT DESIGN {(cont’d)

3.6.9.4 Phase Shift

There should be no phase inversion through the receiver.

3.6.9.4.1 SELCAI/Data Phase Shift

With 1000 ¢V modulated with 1000 Hz and the output

level adjusted to 0.5 V into a 600 € resistive load, the

audio output phase should not depart from that of the

Eositive going modulation envelope at the receiver input
v more than -90°.

COMMENTARY

The phase shift limits of the data/SELCAL output are
_ different from those of the audio output due to the
number of stages required for the processing of each

signal type.
3.6.9.4.2 Differential Phase Delay

The differential delay through the receiver to audio
frequencies (f) from 600 Hz to 6.6 kHz should be less
than 1/10f seconds.

3.6.9.5 AGC Attack Time

The data link audio output should reach 90% of its steady
state value within 40 ms after the step application of a
1000 uV 30% 1000 Hz modnlated rf signal to the receiver
input.

3.6.9.6 AGC Decay Time

The data link audio ouipui should reach 93% of its steady
state value within 50 ms after the receiver rf input of
10({(()) ;ﬂ‘fr, moduiated 30% with 1000 Hz is step reduced
to 10 pV.

3.7 Transmitter Design
3.7.1 Power Output

When operated at rated input power, the transceiver
carrier power output measured into a 52 0 resistive load
at the end of a 5 ft. transmission line should be 25 to 40
watts on any operating frequency. The transmitter should
be capable of continuous operation with ARINC 600
cooling air. The transmitter should be designed to operate
with a 52 00 transmission Jline terminated 1in its
characteristic impedance.

3.7.2 Frequency Stability

The transceiver carrier frequency should not deviate from
the assigned carrier frequency of any selected channel by
more than +0.002% under the following conditions taken
onhe at a time.

(2} the DC input voltages vary from 22 volts to 29 volts.

(b) the ambient temperature is varied from -55°C to
+71°C and internal warm up (not to exceed 5
minutes) has been attained.

(c) the humidity is varied from 10% to 95% at 5(0°C.
{(d) The pressure is varied from sea level to that

equivalent of an altitude of 40,000 feet (the
equipment should not require pressurization).

The transmitter output carrier frequency should not
deviate from the assigned carrier frequency om any
channel by more than +0.003% when the ambient
temperature is varied from -50°C to 71°C and without

internal warm up. This applies to all operational
condifions.

The transmitter frequency should not deviate from the
assigned carrier frequency by more than +0.003 % when
any other epvironmental characteristic or other situation
shall develop which might, in the opinion of the
manufacturer or the airline customer, exist in actual
service.

3.7.3 Sidetone

The sidetone cutput (shared with the audio output) should
have a source of impedance of less than 20 Q, and should | ¢-2
provide an output level of 40 mW into a 600 +20% Q
resistive load when the transmitter is amplitude
modulation 90% at 1000 Hz. A service adjustment
independent of the receiver audio output service
adjustment shall be provided to adjust the output level.
The adjustment shallpprovide for a variation from 5 mW | ¢-2
to 40 mW. The nominal setting should be 10 mW at
1000 Hz. The rf power required to operate the sidetone
should be obtained from a source as close as practical to
the transmitter power output connection.

3.7.4 Transmitter Spurious Radiation

Any emissions on a harmonic of a desired frequency

should be less than -46 dBW (dB below one watt). Any

other emissions should be less than -65 dBW, and any
emissions within the band 108 to 136 MHz should be
down to at least -75 dBW and preferable to -105 dBW.

Any ?urious within the band 108 to 136 MHz, but more

than 5 MHz from the carrier frequency, should be down

to at least -105 dBW. This attenuation should be
accomplish within the transmitter without the aid of
external circuits.

NOTE: The specification for spurious radiation is stated
in terms of absolute power level rather than
amount of attenuation by virtue of several
historical agreements reached as a result of
interference on harmonics of aeronautical mobile
frequencies. The absolute level of -45 dBW for
harmenics is based on 60 dB attenuation of the
harmeonics in a 25 to 50 watt transmitter and is
compatible with FCC requirements. This has
been determined to be a maximum allowable
level for operation.

It should also be recognized that the ECAC*
recommended maximum level is -46 dBW for all
spurious emissions except where 40 dB
attenuation below the fundamental power output
results in a lower power level. ECAC has also
considered recommending -56 dBW as the
maximum level for all spurious emissions in the
band 108.0 to 136.0 MHz, regardless of the
fundamental power output.

For this reason equipment manufactures should
regard the figures specified in this paragraph as
“barley acceptable minima", and aim to do rather
better in their boxes.
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3.7.5 Microphone Input

The transmitter voice communication input should be
designed to work with microphone meeting ARINC 535A
and 538A. The input circuit should provige the following
characteristics:

(a) Microphone excitation voltage: 16 VDC open circuit,
(b} Excitation voltage source impedance: 400 .
(c) Input impedance: 150 1.

3.7.5.1 Modulation Level

An input level of .25 V rms at 1000 Hz z;?plied to the
microphone input should provide at least 90 % modulation
of the transmitter. is modulation level may be
accomplished through use of a dynamic or carbon
microphone. A service adjustment should be provided to
allow accommodation of input levels up to 20 dB higher.

3.7.5.2 Speech Processing

It is desirable that some form of clipping or speech
processing be inciuded in the microphone input circuits.
It should provide sufficient extra gain to allow at least 10
dB (preferable 20 dB) of such speech processing, still
meeting the microphone input level requirements. Service
adjustment provisions should be included to allow setting
the speech processing or clipping to the desired amount.

3.7.5.3 Frequency Response

The transmitter modulation response should be flat within
6 dB from 300 Hz to 2500 Hz, Attenuation beyond this
range is desirable,

3.7.5.4 Distortion

With the speech processing circuits de-energized or the
speech processing service adjustment of Section 3.5.5.2
set to "minimum”, the transmitter distortion indicated on
an external monitor detector should not exceed 10% with
full 90% sinusoidal modulation at any frequency in the
range 300 to 2500 Hz. The noise level should be at least
4(5)08BHbelow the level of a carrier modulated 90% at
1 Z.

3.7.6 Leakage

The transmitter output shall not exceed .02 picowatts at
the selected frequency or more than 400 picowatts at any
other frequency in the key up condition when terminated
into 2 50 Q resistive load,

3.7.7 Key Line

The transmitter PTT keyline (MPC1) should be enabled
only when the transceiver is in the Voice mode, i.e.,
Voice/Data Select pin MPC7 is open circuit (50 k or
greater), The transmitter data keyline (MPD7) should be
enabled only when in the Data mode, i.e., Voice/Data
Select pin MPC7 is externally grounded (1:3V).

The transmitter should be keyed (key down) when a
resistance of 60 £ or less to ground or a positive voltage
of between 0 and 3 VDC from an external source is
applied to the key line PTT pin MPC] (in Voice mode),
or to the data key line pin MPD7 (in Data mode),

The transmitter should not be keyed (key up) when 50 kQ
or more to ground or a positive voltage of 20 to 31 VDC
from an external source is applied to the key line PTT pin
MPCI! and data key line pin MPD7.

The transmitter should not be damaged by inadvertent
?I;]')plication of up to -35 VDC from an external source to
e key line.

3.7.8 Data Input

A balanced 600 +20% Q input should be provided for
data modulation of the transmitter.

3.7.8.1 Moduiation Level
A minus 10 dBm input at 1000 Hz should provide 70%
modulation. A service adjustment independent of the

microphone input adjustment should be provided to
accommodate input levels up to +10 dBm.

3.7.8.2 Level Control

Adequate compression should be provided to control the
modulation level to less than 100% when input signals of
10 and preferably +20 dBm above that producing 70%
meodulation, reference pp 3.7.8.1, are applied.

3.7.8.3 Frequency Response

The frequencjlf response from the data input to the
modulated carrier output should be flat within 6 dB from
600 Hz to 6.6 kHz.

3.7.8.4 Distortion

The distortion at modulation levels up 10 90% should not
exceed 10% over the frequency range of 45 dB below the
level of 0% modulation at 1000 Hz.

3.7.8.5 Phase Shift

There should be no phase inversion through the

transmitter. The transmitter modulated envelope peak

should be 60 degrees of the positive peak of the audio

a;gggelc_ll as the high data input connector pin MPAS as
A

3.7.8.6 Differential Delay

The differential delay to audio fre(iquencies (f) from 600
Hz to 6.6 kHz should be less than 1/10f seconds through
the transmitter.
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3.0 TRANSCEIVER UNIT DESIGN (cont’d)

3.7.9 Muting

Provisions should be included within the transmitter to
rovide a switch closure actuated by the microphone key
ine or the data key line. In the key up condition the

switch shall present at least 50 k) between pins MPCI15

and MPD15 (ground) and be able to withstand +50 VDC.

In the key down condition (switch closure) the "ground"

provided may have a potential of up to 3.5 VDC, but

should be capable of sinking 2 amperes at 27.5 VDC.

3.7.10 Receive to Transmit Turn Around
The modulated rf output should be at least 90% of the

steady state output within 50 ms after a key down
condition is applied.

ARINC CHARACTERISTIC 716 - Page 9
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4.0_TRANSCEIVER UNIT DESIGN FOR THE 8.33 kHiz
CHANNEL-SPACED MODE OF OPERATION

4.1 Frequency Range and Channeling

The transceiver should operate on 2,280 channels spaced
8.33 kHz apart in the band 117.975 to 137.000 MHz.
The lowest assignable channel is centered on 118.000
MHz for 25 kHz channel spacing, and on 117.9916 MHz
for 8.33 kHz channel spacing. Channel changing time
should not exceed 60 ms. A table of the Frequency-
Channel Pairing Plan is provided in Appendix 3 for the
reader’s convenience,

COMMENTARY

The channel naming used is based on the frequency-
channe] pairing plan defined in ICAO Annex 10 to
the convention on International Civil Aviation
"International  Standards and Recommended
Practices, Aeronautical Telecommunications" which
allows unique identification of the 8.33 kHz
channels. ICAO Annex 10 has precedence over
Appendix 3 in this Characteristic.

The emergency frequency (121.50 MHZ), the aunxiliary
SAR frequency (123,10 MHz), and the datalink channels
(at least the four upper channels) will be used with a 25
kHz chanmel spacing.

4.2 Frequency Selection

The ARINC 429 tuning-word format for the 8.33 kHz
channels is the same as that for the 25 kHz channels
except for the label. The VHF COM label is 030 (octal)
for 25 kHz channel spacing and 047 (octal) for 8.33 kHz
channel spacing, see ARINC Specification 429, "Mark 33
Digital Information Transfer System (DITS)".

COMMENTARY

The tuning control panel should be able to control
and display the channel name with at least six digits.
When the control panel is operating in a mode which
is capable of displaying 8.33 kHz channels, like
118.003, it should also display the 25 kHz channels,
like 118.000, by scrolling through both the 8.33 and
25 kHz spaced channels as shown in the Frequency-
Channel Pairing Plan in Appendix 3.

4.2.1 Contrel Panel Programming
When MPD5 is internally grounded the transceiver is

| capable of operating in either of the 8.33 kHz or 25 kHz
| modes.

COMMENTARY

The control panel programming feature is optional.

4.3 Receiver Design

4.3.1 Selectivity

The nose passband and the stability of the receiver should
be such that when a cartier modulated 30% at 1,000 Hz
is applied on any assigned carrier frequency there is no
more than 6 dB attenvation when it is moved to + 2.780
kHz from its assigned frequency.

The skirt selectivity should be such that at least 60 dB of
attenuation results when the modulated carrier departs 4
7.365 kHz or more from its assigned frequency.

Note; The nose passband is defined in order to receive
the full speech bandwidth (4 2.5 kHz). This
value is increased by the ground frequency
tolerance (4 1 ppm) plus the Doppler effect (1
140 Hz).

COMMENTARY

Skirt selectivity is defined at the minimum separation
between the adjacent and wanted channel, i.e., at the
maximum airborne transmitter frequency tolerance
(% 5 ppm as defined in paragraph 3.7.2) plus the
Doppler effect (air/air communication being the
worst operational case for Adjacent Channel
Interference). The equipment manufacturer may
choose the stability figure for the receiver.
However, the stability figure may be dictated by the
stability specified for the transmitter elsewhere in
this Characteristic. It should be evident that the
preceding specification sets forth the minimum nose
bandwidth and the maximum 60 dB skirt bandwidth
for the receiver. Obviously, a wider-than-minimum
nose bandwidth and/or a narrower-than-maximum
skirt bandwidth are acceptable to the airlines in
actual practice. The manufacturer is free to trade
these numbers with stability as he sees fit.

For purposes of illustration, Attachment 10 depicts
the selectivity characteristics of a typical receiver
based on an assumed receiver stability of + 5 ppm.
However, the stability figure suggested for the
receiver in Attachment 10 is not part of the
specification material contained in this Characteristic.
Also, Section 3.6.2 does not include allowances for
a non-symmetrical pass-band or other design
problems., These deficiencies in actual receivers
must be considered within the limits set forth in
Section 3.6.2.

It should also be noted that the receiver local oscillator
phase noise should be sofficiently low to avoid any
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4.0 TRANSCEIVER UNIT DESIGN FOR THE 8.33 kHz
CHANNEL-SPACED MODE OF OPERATION (cont’d}

degradation of the receiver capability to reject off-channel
signals. A phase noise level better than -114 dBc/Hz is
necessary to comply with a 60 dB adjacent channel
rejection.

4.3.2 Cross Modulation

The undesired cross modulation product should be down
at least 10 dB with respect to the audio output when the
desired signal is modulated 50% under the following
conditions:

Undesired Minimum Desired
Signal Undesired | Signal Level-
Frequency Signal Level | Unmodulated
Modulated (Hard pV)
50%
(Hard nV)
+ 8.33 | kHxz 190,000 10
+ 25 kHz 10,000 10
+ 50 kHz 20,000 10
+ 100 kHz 60,000 10
+ 500 kHz 100,000 10
+ 1 MHz 200,000 10

With the simultaneous application to the input of the
receiver of a 30% modulated off-resonance signal with an
unmodulated desired signal, the audio output produced by
the undesired signal should not exceed -10 dB with
reference to the output produced by the desired signal
only (when modulated 30%) under the conditions

specified below, With the desired signal level varied
from 3 uV to0 0.1 V, and the andio gain adjusted in each
case for 100 mW output, the receiver should meet the
above specification with the following undesired signals:

Undesired Signal Level Off Resonance
0.06 volts 0.1 MHz
0.3 volts 0.5 MHz
0.6 volts 1.0 MHz
1.2 volts 2.0 MHz

4.3.3 Squelch Provision

Manufacturers are encouraged to provide the best possible
squelch system; i.e., one that can distinguish between
communications signals and the usual types of interference
and receiver background noise which can obscure such
signals. Sophisticated squelch systems which
automatically adjust the squelch threshold to match the
masking level of the noise are highly desirable so that the
user can take full advantage of the highest possible
sensitivity capability in the receiver when the aircraft is
away from ground generated noise conditions, but which

will also automatically adjust the sensitivity level of the
receiver when flying over industrial areas where heavy
noise levels exist., The desire is that the squelch be
capable of tripping open whenever a readable signal is
present, yet remain closed whenever a signal is below the
noise level. The receiver squelch should open when
signals are received from multiple stations.

COMMENTARY

No offset carrier network is foreseen to be used in
the 8.33 kHz environment.

4.3.4 SEL.CAIL/Data Qutput

The only data output allowed when using the 8.33 kHz
mode is the SELCAL output. An output that is isolated
from ground, with a source impedance of 300 Q or less,
and independent of the voice output and its associated
squelch, noise limiters, audio compressors, etc., should
be provided. A service adjustment independent of the
voice or sidetone outputs should be provided within the
transceiver for outpug level adjustment.

4.3.4.1 Gain
The receiver gain should be such that a 2 gV signal

modulated 30% at 1,000 Hz will produce at least 0.5
VAC of output into a 600 + 20% Q load.

4.3.4.2 Freguency Response

The total receiver frequency response should be within 3
dB from 312 Hz to 1,200 Hz. The post detection
response with respect to 1,000 Hz should be within + 6
dB from 300 Hz to 2.5 kHz,

4.3.4.3 Distortion
With an input signal of 1,000 gV modulated 30% at
1,000 Hz and with the level adjusted to provide a 0.5 V

output into 600 £}, the total distortion should not exceed
5.0%.

4.3.4.4 Phase Shift

There should be no phase inversion through the receiver.
4.3.4.4.1 SELCAL Phase Shift

With 1,000 LV modulated with 1,000 Hz and the output
level adjusted to 0.5 V into 600 Q resistive load, the andio
output phase should not depart from that of the positive
going modulation envelope at the receiver input by more

than -90°.
COMMENTARY

The phase shift limits of the SELCAL output are
different from those of the audio output due to the
number of stages required for the processing of each

signal type.
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4.0 _TRANSCEIVER UNIT DESIGN FOR THE 8.33 kHz
CHANNEL-SPACED MODE OF OPERATION (cont’d)

4.3.4.4.2 Differential Phase Delay

The differential delay through the receiver to audio
frequencies (f) from 600 Hz to 2.5 kHz should be less
than 1/10f seconds.

4.3.4.5 AGC Attack Time

The audio output should reach 90% of its steady state
value within 40 ms after the step application of a 1,000
gV 30% 1,000 Hz modulated rf signal to the receiver
input.

4.3.4.6 AGC Decay Time

The audio output should reach 90% of its steady state
value within 50 ms after the receiver rf input of 1,000
uV, modulated 30% with 1,000 Hz is step reduced to 10
pVv.

4.4 Transmitter Design
4.4.1 Frequency Stability

The transmitter carrier frequency should not deviate from
the assigned carrier frequency of any selected channel by
more than + 0.0005% under the following conditions
taken one at a time.

(a) the DC input voltages vary from 22 V to 29 V.

(b}  the ambient temperature is varied from -35°C to
+71°C and internal warm up (not to exceed 5
minutes) has been attained.

(¢) the humidity is varied from 10% to 95% at 50°C.

(@) the pressure is varied from sea level to that
equivalent of an altitude of 40,000 feet (the
equipment should not require pressurization).

The transmitter output carrier frequency should not
deviate from the assigned carrier frequency on any
channel by more than +0.0005% when the ambient
temperature is varied from -50°C to +71°C and without
internal warm up. ‘This applies to all operational
conditions.

The transmitter frequency should not deviate from the
assigned carrier frequency by more than +0.0005% when
any other environmental characteristic or other situations
develop which might, in the opinion of the manufacturer
or other airline customer, exist in actnal service.

4.4.2 Microphone Input

The transmitter voice communication input should be
designed to work with microphones meecting ARINC
Characteristics 535A. and 538A. The input ¢irenit should
provide the following characteristics:

(a) Microphone excitation voltage: 16 VDC open
circuit,

(b)  Excitation voltage source impedance: 400 Q.
(¢) Input impedance : 150 Q.
4.4.2.1 Modulation Level

An input level of 0.25 V rms at 1,000 Hz applied to the
microphone input should provide at least 90 % modulation
of the transmitter. This modulation level may be
achieved through use of a dynamic or carbon microphone.
A service adjustment should be provided to allow
accommodation of input levels up to 20 dB higher.

4.4.2,2 Speech Processing

It is desirable that some form of clipping or speech
processing be included in the microphone input circuits.
The microphone input circuits should provide sufficient
extra gain to allow at least 10 dB (preferably 20 dB) of
speech processing, still meeting the microphone input
level requirements. Service adjustment provisions should
be included to allow setting the speech processing or
clipping to the desired amount.

4.,4.2.3 Frequency Response

The transmitter modulation response should be flat within
6 dB from 300 Hz to 2,500 Hz. A sharp cut-off in
response below 300 Hz and above 2,500 Hz is required.
Frequencies above 3,200 Hz should be attenuated at least
50 dB

4.4.2.4 Distortion

The transmitter distortion should be consistent with the
required transmitter occupied spectrum.,

4.4.2.5 Transmitter Occupied Spectrum

The transmitted spectrum should not exceed the limits
shown in Attachment 11 when the transmitter is
modulated by any frequency between 300 Hz and 10 kHz,
the input level being adjusted to provide 90 % modulation
at 1,000 Hz.

4.4.3 Data Input

Data jnputs are not allowed when using the 8.33 kHz
mode.

¢-8
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¢-8 | 5.0 ANTENNAS

¢-8]5.1 General

This document does not specify a "standard" antenna for
the VHF communications transceiver. For reference
purposes, however, Attachment 5 shows a typical non-
flush antenna and its mounting details. Whether an
antenna of this fype is used, or one of the flush-mounted,
"airframe integrated" types frequently offered by airframe
manufacturers is employed instead, it should be designed
to match 52 {1 and exhibit a standing wave ratio of less
than 2.0:1 over the operating frequency ramge of the
transceiver. The antenna should be essentially vertically
polarized and ommidirectional to the maximum degree
practicable.

¢-8|5.2 Antenna_ Considerations for Multiple Systems
Operations

The installation designer should note that, to permit
multiple VHF transceivers to be used simultaneously on
the same aircraft, it is necessary to provide adequate
space isolation between the antennas of each unmit to
ensure that the use of one transmitter does not interfere
with reception on another receiver. A minimum of 50 dB
of space isolation should be provided between antennas
mounted on opposite sides (top and bottom) of the
fuselage. A minimum of 35 dB of space isolation should
be provided between antennas mounted on the same side
of the fuselage. Any steps which can be taken to provide
further isolation in mew aircraft and antenna designs is
encouraged.

REVISED: December 30, 1994
ARINC CHARACTERISTIC 716 - Page 11
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¢8| 6.0 _AUTOMATIC TEST EQUIPMENT PROVISIONS

¢-8 6.1 General

To enable Automatic Test Equipment to be used in the
bench maintenance of the ARINC 716 Communications
Transceiver, an ATE connector insert (TP) has been
provided. The connector and its cover should be totally
contained within the form factor prescribed in Section
2.2.1 and the related NIC 600 racking standards.

This connector should be fitted with a suitable cover to
prevent damage to the contacts and entry of contaminants
into the connector while the equipment is installed or
being moved between the shop and aircraft. This cover
should be secured to the T-R unit by a suitable means so
as to prevent loss.

The circuits made available on this connector may also be
used in shop maintenance with manual test equipment.

¢-8 | 6.2 Unit Identification

Six pins on the ATE connector insert should be reserved
for the implementation of a "resistor coding" scheme for
unit identification by the ATE, in which a 1% tolerance
resistor is connected from each pin to a common ground
in a "star" formation. Values selected should correspond
to the standard 10% increments in resistance in order to
prevent ambiguities resulting from tolerance build-up and
aging. The power handling capability of each resistor
need not exceed 0.1 watt.

¢-8 | 6.3 Pin Allocation

Two pins should be allocated to each of the following
functions and one pin to the "star formation common"
(i.e., DC chassis ground).

TP1A-TP1B Manufacturers Identification (Resistor
values to be registered with ARINC
when selected)

TPIC-TPID Part No. or Type No. of the
Equipment

TP2A-TP2B Modification Status of the Equipment

TP2C Network Common (Resistor "Star"
Points)

IMPORTANT NOTE: Resistor codes for manufacturers
identification will be recorded by ARINC in order to
prevent duplication. Such registration, however, should
not be confused with assignment. It is the responsibility
of each manufacturer to select a code and inform ARINC
of his choice. Code assignments for equipment part
number and modification status are entirely the province
of the manufacturer and do not require registration with
ARINC.

COMMENTARY

Equipment designers may wish to note that it is
probable that the equivalent of an open-circuit relay
contact will be present at each connector pin used in
the automatic test sequence during the time the test
is in progress. In practice this is the equivalent of
connecting a 100 pF capacitor from each pin to
ground.

6.4 Use of ATLAS Language

Equipment of manufacturers should note that the airlines
desire to have VHF Transceiver test procedures intended
for execution by automatic test equipment written in the
ATLAS language described in ARINC Specification 616.

-8
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7.0 _BUILT-IN TEST EQUIPMENT (BITE)
¢-8 | 7.1 Built-In Test Equipment (BITE)

The VHF Transceiver described in this Characteristic
should contain Built-In Test Equipment (BITE) capable of
detecting and annunciating a minimum of 95% of the
fauits or failures which can occur within the VHF
Transceiver and as many faults as possible associated with
the antenna, frequency controllers and their interfaces
with the VHF Transceiver.

BITE should operate confinuously during flight.
Monitoring of the results should be automatic and the
BITE should automatically test, detect, isolate and record
intermittent and steady state failures. The BITE should
display system condition and indicate any faulty LRU’s
upon activation of the self-test routine described in

¢-8 | Section 7.4, In addition BITE should display faults which

have been detected during in-flight monitoring.

No failure occurring within the BITE subsystem should
interfere with the normal operation of the VHF
Transceiver.

COMMENTARY

Sufficient margins should be used in choosing BITE
parameters to preclude nuisance warnings.
" Discrepancies in VHF Transceiver operation caused
by power bus transients, EMI, ground-handling,
servicing interference, abmormal accelerations or
turbulence should not be recorded as faults.

¢-8|7.2 BITE Display

¢-6

The VHF Transceiver should have a System/LRU status
display on the front panel.

The display, as a minimum should be composed of one
red and one green LED. Green should indicate "good"
and red should indicate detection of a fault. The display
should be energized only when BITE is activated locally
by the control located on the front panel or a remote
activation signal. Multiple red LEDs should be used to
indicate subsystems when appropriate.

COMMENTARY

Most users desire an alpba-numeric display to
present fault information to line maintenance
personnel. The desire includes presentation of the
information in the form of easily understandable text
--- not coded! The airlines do not want the
maintenance personnel to be burdened with carrying
a library of code translations, The airlines would
like to have the fault analysis capability of BITE
using the alpha-numeric display equal to or
surpassing the capability currently realized with shop
Automatic Test Equipment.

The use of LEDs on equipment, even though
considered inadequate, is described in this section to
provide guidance to manufacturers currently using
LEDs for BITE. The guidelines are intended to aid
in achieving consistency in BITE operation betwesn
units supplied by different manufacturers.

7.3 Fault Monitor

The results of in-flight or ground operations of BITE
should be stored in a non-volatile monitor memory. The
size of the memory should be sufficient to retain detected
faults during the previous ten flight legs. The data in the
monitor memory should include flight-leg identification,
fault description, and faulty LRU.

The contents of the monitor memory should be retrievable
by BITE operation or by shop maintenance equipment.

COMMENTARY

A question which must be considered by the
equipment designer is "What is the scope/purpose of
BITE?" It appears from the unconfirmed failure data
that is available from repair shop operations, that
there is a good deal of merit in considering storage
of data which will identify the Shop Replacement
Unit (SRU). BITE should be used to detect and
isolate faults to the LRU level and it should also
provide fault isolation information at the SRU level.

7.4 Self-Test Initiation

The momentary depression of the push-button on the front
panel of the LRU should initiate a unit/system self-test.
The self-test routine should start with an indicator test in
which all indicator elements are activated simultancously.
If the self-test routine detects a fault, the "all on"
indication should be deactivated leaving the appropriate
"fanlt" indication activated. If no fault is found, the
contents of the intermittent fault memory should be
reviewed. Only the four most recent flight legs should be
considered. If no fault is recorded, the "all on" indication
should be deactivated leaving the "normal" indication
visible. If an occurrence of a fault on one of the four
earlier flight legs is detected, the appropriate "fault"
indication should be activated. The activated indications
should remain visible until the line maintenance mechanic
presses the self-test button a second time or a "time-out"
period of approximately ten minutes expires.

COMMENTARY

Selection of four of the number of flight legs for
which intermittent fault memory should be examined
for the line maintenance BITE function was made in
the belief that it could be reduced as confidence in
the BITE was built up. Manufacturers are urged to
make this number easily alterable in their BITE
implementations.

Currently there are no display provisions for
differentiation of stored faults from faults detected
during the self-test routine. Discussions in the past
have not uncovered any significant benefits of such
differentiation for maintenance personnel in the
troubleshooting mode. However, depending on how
BITE is implemented, problems with lack of
differentiation between display of stored faults and
self-test faults may be realized. If faults in units
external to the central LRU were stored in the LRU
fault memory and the maintenance personnel
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7.0 BUILT-IN TEST EQUIPMENT (BITE) (cont’d)

7.4 Self-Test Initiation (cont’d)

COMMENTARY (cont’d)

replaced the external LRU, the central LRU fault
memory would retain the fault. A post-maintenance
self-test initiation would display a (stored) fault
regardless of the self-test results, Due to the lack of
differentiation, maintenance  personnel will be
uncertain of the success of the maintenance action.
Where BITE does store faults of external units,
differentiation between stored and self-test faults may
have merit,

7.5 Monitor Memory Qutput

The BITE Monitor Memory output should consist of the
following:

{a) An output to the display located on the
transceiver, indicating system and LRU status.

(b) An output of undefined format which should be
made available at the ATE segment of the
connector located on the Interrogator Unit.

The monitor memory should be capable of being reset in
order that stored faults will not be carried over once an
LRU replacement or repair has been effected. The reset
should be initiated only by shop maintenance.

COMMENTARY

Many users have expressed interest in transferring
and storing fault information in a central unit. The
unit would be the heart of a Fault Isolation and
Detection System (FIDS}. The FIDS Unit could be
internal to a central unit of a large avionics system or
could be a stand-alone unit. A FIDS Unit in order
to act as a collector of fault information would be fed
fault data from external LRUs. It is envisaged that
fault data words will be transmitted via the normal
DITS output ports of the external LRUs. The FIDS
input ports would monitor the DITS buses and
exiract the word(s) assigned for transmission of the
fault data. If such a system were to be implemented,
the LRU BITE memory could be the source of the
fauit data.

BOEING
Ex. 1041, p. 28



BOEING
Ex. 1041, p. 29



ARINC CHARACTERISTIC 716 - Page |2

ATTACHMENT |

TRANSCEIVER UNIT CONNECTOR POSITIONING

¢
]
!
TP [T
ppttasp
] s:E ap
: 3
19 Wi
/ slfu .
MP
-
o | &
BP @@
@@
T
¢
BOEING
REAR VIEW

Ex. 1041, p. 30



¢-1

¢-2
¢4

¢-2

-2

¢-1
¢-6

¢-2

c-2

¢-2 |
¢-3 |

62|

¢-1

REPLACEMENT PAGE

FUNCTION
Hi
Mike Input ]Lo
PTT
Key Event

Future Spare
Mike Input (Gnd)
Future Spare
Future Spare
Optional ]Hi

(Remote Sguelch) ARM
Lo

Dt Ground

Future Spare

Audio Ground

Future Spare
Future Spare
Data Input ]Hi
Data Input Lo
Reserved

8.33 kHz Program

Future Spare

Future Spare {Contact)
Future Spare

Future Spare
Freq./Funct ]A
Sel.bata I/P PortB B
Voice/Data Select

Data Key Line

Future Spare

Future Spare (Contact)
Freq. Offset Enable
Data Keyline Return
SDI Code Input

Ground

Reserved for AGC
Future Spare
Future Spare (Contact)
Future Spare

Future Spare
Freq./Funct. ]A
sel.pata I/P PortA -B
Suggested Spare #3

Data Select Discrete
Future Spare

Future Spare (Contact)
Future Spare

Future Spare

SELCAL Audio & ]Hi
Data Output Le
squelch Disable

Squeleh Disable Return
Future Spare

Ground/Air Discrete
Future Spare

Future Spare

Audio/Sidetone

output Hi
Audio/Sidetone ]
Output Lo
Muting

Muting Return
Antenna RF Input
Power Input +27.5 VDU

Spare
Power Input Ground
Not Used :
Volume Lo
]ARM
Hi

28 VDC Power In
Voice/Data Mode Annun.
5 VAC Panel

Lights Hi
5 VAC ]
Panel Lights Lo
Reserved

| @

WiRE 1-R { &
D-5

D-
D-
D-
D-

LY ] wviaaan

vooouoo
-a-dﬂ—b

t
ooooQowmu

Transfer Light 28 VDC dimmable

Reserved

Test - Transfer Light and Static Displays
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ATTACHMENT 2
STANDARD INTERWIRING
TRANSCEIVER CONTROL PANEL
MPA1 g:g-,—i
MPB1 it ] ) To Mike
MPC1 o—
MPD1 [ | To Flight Recorder
MPAZ [+]
1 — )
MpPC2 o
MPD2 [+
MPA3 o——op 5
MPB3 o———o0 6
MPC3 o———o07
MPD3 o—o0 14 D.C. Ground
MPA& [+
PB4 o (S
MPC4 o
MPD4& 0
MPAS To Data Link
s o P1G
MPC5 o————o03
MPDS o—0 &
MPAG 0
MPBS& o
MPCA o
MPD& [}
MPAT gﬁg 17
MPB7 e 18
MPC7 o——0 16
MPDY o— 1 To Data Link
MPAB o
MPEB o
MPC8 o—]
MPD8 o0—— 1 To Data Link
MPAS o—
MPB? o0— ]
MPCO o—
MPD9 o—1
MPA1D o
MPB10 o
MPC10 o
MPD1O o
MPATY gﬁg 21
MPB14 2 22 To Fregquency Control
MPC11 o—0 19
MPD11 o—o 24 To Frequency Control
MPA12Z o .
MPB12 o
MPC12Z o
MPD12 o
MPA13 To SELCAL &
MPB13 2:8,&] bata Link
MPC13 o—0 8§
MPD13 o——o0 ©
MPAl4 o
MPB14
MPC14 o
MPD14 o
MPA1S i ‘*]
MPB15 >
MPC15 o—— ] Customer Option
MPD15 o——
BP1 o— To Aircraft Antenna
B2 o 10A (» 27.5 VDC
BP3 [}
BP4 o—1s
BPS 0
o 10 o—
o 11 o— ] Customer Optional
o 72 o—
¢ 13 o0—
o 15 om—
o1 o——-] Panel Light
02 o— Supplies
o 20 o—
0 23 o G0 BOEING

Ex. 1041, p. 31



REPLACEMENT PAGE
ARINC CHARACTERISTIC 716 - Page 14

REVISED: November 30,1983

ATTACHMENT 2 (cont’d
NOTES APPLICABLE TO THE STANDARD INTERWIRING

Source/Destination Identifier (SDI) Encoding

These pins should be used for encoding the location
of the COMM receiver in the aircraft, (i.e., "system
number") per Section 2.1.4 of ARINC Specification
429, The following encoding scheme should be
employed, the pins designated being either left open
circuit or connected, on the aircraft-mounted half of
the connector, to pin MPC9. The wiring of these
pins should cause the COMM Transceiver to
recognize the binary states of bits 9 and 10 defined
in Specification 429. When the SDI function is not
used, both pins MPA9 and MPB9 should be left open
circuit. See Section 3.2.

Connector Pin

Unit No. MPA9 MPBS
1/2/3 Open Open
1 Open To MPLCY
2 To MPCY Open
3 To MPCO To MPC9

{2 Shield Grounds

Digital data bus shields should be grounded to the
aircraft structure at both ends and on both sides of all
breaks. Equipment manufacturers should not count
on shield grounds being carried through the
conuector into the COMM Transceiver, degpite the
assignment pins for the purpose.

Airframe manufacturer practice is to ground the
shields on the aircraft of the connector rather than to
terminate them individually on their own pins.

The audio cable shield should be grounded at one
end (the audio system end) only.

ATE Functions

The assignment of pins on the upper insert (TP) of
the equipment connection to functions required
specifically to support automatic testing in the
wotkshop is the responsibility of the equipment
manufacturer. These pins are not part of the
equipment/aircraft interface. Suitable protection,
such as a cover for open TP aperture of the aircraft-
mounted half of the connector, should be provided to
ensure freedom from damage, contamination, etc.,
for the box-mounted TP contacts during the time the
equipment is installed in the aircraft.

Transceiver Unit Master Power Circuits

A standard 10 amp circuit breaker is to be employed
in the main power lead to the Transceiver Unit. If
the user so desires, the primary power may be
interrupted by an airframe-mounted relay. Section
2.4.2 of this Characteristic rafers.

3

®

Four Wire Microphone

Pin MPBI1 provides the return pin for microphones
having separate PTT function to achieve PTT
function igolated from audio voice input. (See
Attachment 6).

Wire Types and Sizes

The "I-R" values define the maximum current (I) in
amperes and effective resistance (R) in ohms for
which the installation and equipment should be
designed. It is anticipated that installation designers
will use these figures, together with the lengths of
the cable runs in a given airframe, to calculate the
gauge of each wire in the installation. Where their
calculations reveal the possibility of using higher
gauge numbers than #22 AWG, they are asked to
stop and consider whether the mechanical strength of
this wire is adequate for the installation before
deciding to use it. The airlines report recent sad
experiences with such wire, and although they are,
of course, interested in the weight saving iis use
affords, they will quickly point out that these savings
are rapidly nullified by maintenance costs if frequent
breakage occurs.

NOQTE: Wires for which a "D" symbol is shown in
place of a current rating may be used for
any function ranging from "Dry Circuits"
thence "D") to 5 ampere applications.

Both installation and equipment designers should give
due regard to special cases wherein parallel or series-
parallel conmected circuits may result in higher
currents or voltage drop (effective resistance) than in
simple circuits. Unless otherwise noted, the current
limit set forth applies to all elements of parallel or
series-parallel circuits.

Future Spare (Coniact

Contract positions in equipment-mounted service
connectors labelled "Future Spare (Contact)" should
be furnished with contact hardware (pin or socket as
appropriate) and provisions made within the
equipment for their easy use. Contact positions
labelled "Future Spare” may or may not be furnished
with connector hardware at the equipment
manufacturer’s discretion. Contact hardware need
not be provided in either type of contact position in
aircraft-mounted rack connectors. The "Future
Spare (Contact)" positions will be the first to be used
if and when additional contact assignments are
needed.

Air/Ground Logic Input

This pin is assigned to an air/ground logic input to
the VHF Transceiver for application therein as the
user sees fit. It should be wired to a logic source in
the aircraft that presents a standard open circuit

¢-1
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ATTACHMENT 2 (cont’
i P NOTES APPLICABLE TO THE STANDARD INTERWIRING

(100,000 ohms or more resistance from this pin to
airframe DC ground or a voltage between -+18.5 and
+36 VDC) while the aircraft is on the ground and a
¢-3 standard ground (less than 10 ohms resistance from
the pin to airframe DC ground or a voltage between
¢ and +3.5 VDC) when the aircraft is airborne.
Airframe and equipment manufacturers are cautioned
to provide sneak circuit protection for this input so
that malfunctions of other equipment connected to the
same logic source do not affect the VHF
transceiver’s operation.

(9 4-Wire Mike Grounding

Pin MPB2 is connected internally to pin MPB1. The
- ¢ microphone circuit can be grounded by either of the
three following methods:

a. Pin MPB2 can be jumpered to pin MPB4 to
. obtain internal grounding, or

f b. Pin MPB2 can be connected to SPASE, or

¢. Pin MPB1 can be connected to SPASE.

Only one of the three ground alternatives should be
imoplemented in any given installation (MPB2 to
SPASE, MFBI1 to SPASE, or MPB2 to MPB4).

= §0) Control Panel Lamps

| ; For Control Panels utilizing liquid crystal displays,

" ¢S5 a "ground" on Pin 23 initiates a test of static
' displays.

{1) Reserved Control Panel Pins

Control panel pins 3 and 4 have been reserved to
protect against possible future non-interchangeability
problems resulting from their reported non-
coordinated use in some aircraft. )

§2 8.33 kHz Program
¢-9

See Section 4.2.1 Control Panel Programming.

BOEING
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ATTACHMENT 3

RECEIVER SELECTIVITY
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ARINC CHARACTERISTIC 716 - Page 16

ATTACHMENT 4
ENVIRONMENTAL TEST CATEGORIES

The following RTCA DO-160 categories apply to the environmental specification of the

ARINC 716 Comm Transceiver:

UNIT LOCATION

DO-160 Jectronics External To

Environment Section | Rack Cockpit Skin of A/C
Temperature & Altitude 4 CAT Al CAT Al CAT D2
Temperature Variation 3 CAT C CAT C CAT A
Humidity 6 CAT A CAT A CAT B
Sheck 7 CAT A CAT A CAT B
Vibration 8 CAT O or B*} CAT K or A* | CAT J or C¥
Explosion 9 CAT X CAT X ! CAT E
Waterprooiness 10 CAT X CAT X CAT W
Hydraulic Fluid 11 CAT X CAT X CAT H
Sand & Dust 12 CAT X CAT X ! CAT D
Fungus 13 CAT X CAT X i CAT F
Salt Spray la CAT X CAT X CAT §
Magnetic Effect 15 CAT X CAT X CAT X
Power Input lé CAT A CAT A CAT A
Conducted Voltage Transient 17 CAT A CAT A CAT A
Audio Frequency Conducted 18

Susceptibility
Induced Signal 19 CAT A CAT A CAT A

Susceptibility
Radio Frequency Susceptibility | 20 AT A CAT A ——

(Radiated & Conducted)
Spurious Radio Frequency 21 CAT A CAT A CAT A

Emission '

* The use of alternative categories may be necessary if the installation is to be made
in other turbine-powered fixed-wing aircraft.

Refer to RTCA DO-160 directly.

BOEING
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ATTACHMENT 5

TIRICAL VHF COMMINTCATIONS ANTENNA
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ATTACHMENT 6

STANDARD "FOUR-WIRE"
MICROPHONE INTERFACE

MP .
‘ . z=150
t-_-- - K
* Th Al
: '
Mic Lok @.
1 P
! AN = il
PTT[-E-----E.': s 1 ® Bl w A =
LI 96 i !
r =" SPASE- -7 B2 Audio 2000
Loud Bt .—_-.{hGround
m 16-18 YDC
] B v ; Excitation
:@ Chassis
= Ground

Flight Rec (Key Event) —
* Data Keyline ~—

* ACARS Intertace

{when Used)
; % Pata [
Input

All2 3 3 —17- Chassis To
* Selcal & Data [ “ Ground Speech
Qutput Bl3 Amplifier
Audio & [ AlS %\g
Sidetone BI5

Qutput
# Data Keyline Return ™} D8 [~
* Voice/Data Select ~— (7 P——= To Voice/Data Select Logic
All fewe—
*+ Freq/Data Port A [
Bli =

# Tuning Source Select =~ b1t - {Ground Select Port A)

AT T
Freq/Data Port B [ B7? }—

©

A diode is used in series with keying relay to prevent sneak current from the data link {also required
in the data link).

&

A single-ended audic input may be used provided that the input impedence between pins MPAL and
MPBIL is 150 ohms,

&

Pin MPB2 is connected internally to pin MPBl. The microphene circuit can be grounded by either of
the three following methods:

a. Pin MPB2Z can be jumpered to pin MPB& to obtain internal grounding, or
b. Pin MPB2 can be connected to SPASE, ot
Cub c.  Pin MPBI can be connected to SPASE.

Only one of the three ground alternatives should be implemented in any given installation (MPB2 to
SPASE, MPB1 to SPASE, or MPB2 to MPB4).

@ Pin MPD3 can be wired directly to the microphone PTT switch - Lo or, both the microphone PTT
switch - Lo and pin MPD3 can be wired to a common ground,

BOEING
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ATTACHMENT 7

Control Panel Guidelines

REVISED: August 13, 1980

1.1  General Configuration

Although Individual customers will desire various knob
and switch configurations on their panels, the "Standard
Control Panel", for purposes of this Characteristic will
conform to the form factor of Section 2.2.2 and this
Attachment. It comprises a single VYHF Comm
frequency display, essentially in the center, with two
selector knobs, one on each side,

1.2 Freguency Selection & Display

The frequency selector should extend through the range
118.0 through 135,975 MHz. Suitable switch wafers,
canforming to the requirements of ARINC 3Specification
No, 410, to cover this frequency range in 25 kHz
increments should be provided.

Most users have stated a preference for a horizontal
frequency display, rather than a vertical display. All
users desire nothing smaller than 1/4%" numerals and
wouid prefer the largest numerals practical. Normally,
the 0.005 MHz digit will not be displayed.

The frequency displayed in dual-channel mode should be
the receive frequency. Frequency offset occurs within
the R/T only.

1.3 Connector ngés

The "$tandard Control Panel" should utilize a MIL-C-
23723, Series 3-type connector (M83723-72R1624N)
positioned at the center of the unit. The connector
mounting panel should be 5.000 Inches from the rear
face of the front panel as shown in Figure L.

1.4 Volume Control

An audio volume control may or may not be desired by
the individual customer. Provisions should be included
in the "standard control panel", utilizing a 500 ohm
potentiometer connected to the audio output prior to
feeding the audio distribution system in the aircraft.

1.5 Master Off-On Control

In accordance with Section 2.4.2 of this Characteristic
there should be no provision in the "Standard Control
Panel" for a master Off-On control.

l.6 Intepral Lighting

Integral control panel lighting should be provided
utilizing 5 VAC power.

1.7 Control Function Transfer Switch

Although some customers may require means for trans-
ferring control functions from one receiver to another
or for handling pre-set frequency selections, no such
provisions are stated herein for the "Standard Control

Panel". Such functions should be custom designed in ~
accordance with the standards of ARINC Specification-
MNo. 410, to meet the specific requirement of the

customer,

ARINC CHARACTERISTIC 716 - Page 19
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ARINC CHARACTERISTIC 716 - Page 20

ATTACHMENT 7 (cont'd)

STANDARD CONTROL PANEL QUTLINE DRAWING

— 5.75
TOP I
| ™,
| o~
(Y]
~
| FRONT
|
&2 C \/\L WA ;{
,
——  5.00 f o
| <
S
TOP
1.25

(TN

= Q)

1

1.25 |
I~

REAR

&
FIGURE 1

NOTE: The positions of the controls and display are not shown in order to
allow design flexibility.
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: ADDED: November 30, 1983 ARINC CHARACTERISTIC 716 - Page 20A

ATTACHMENT &

ASSUMED TEST PROCEDURES FOR

DESENSITIZATION AND INTERFERENCE REJECTION

For bench measurement purposes, the application to VHF COM receivers of simulated FM
sound broadcasting signals with levels corresponding to the criteria in paragraphs 3.6.7.5 and
3.6.7.6, should not cause: !

a) a reduction in the audio signal plus noise-to-noise ratio (s+n)/n of 6 dB or less

with a wanted signal of 40 microvolts per meter across the VHF COM receiver

. input. (It should be noted that Annex 10 specifies a wanted signal strength of 75
=1 microvoits per meter for VHF COM, and this value should be satisfied "on a high i

' - percentage of occasions" (Annex 10, Volume I, Part 1, paragraph 4.7.2.1). In

practice there are a significant number of occasions when VHF communications

) need to take place when the field strength is below 75 microvolts per meter, and
= therefore 40 microvolts per meter is considered appropriate); and I

b)  more than 5 dB (equivalent RF) increase in AGC voltage or an audio interference
plus noise-to-noise ratio (i+n)/n of greater than 6 dB, with no wanted signal

present.

|
: ]
a .‘
= \'_;i i

[
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ADDED: November 30, 1933 ARINC CHARACTERISTIC 716 - Page 20B

ATTACHMENT 9
-6
TYPICAL TEST PROCEDURES
AUDIO QUTPUT
Unit Under Test RIGURE |
Zo |
R Rz
eoohd
a) select Rj, adjust input and unit under test for desired output level V] {(up to
rated output)
b)  select Ry, adjust Rz for V2 =.9 V]
c) Zo= 60R
580 - EE2
FIGURE 2
Unit Under Test
Ri
z W ZO
a) adjust and maintain signal source (G)at Vy = 30 mV
b)  adjust Ry until V2 =%V}
¢}  Zg=R]
BOEING
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= ADDED: December 30, 1994
: ARINC CHARACTERISTIC 716 - Page 20C

e ' ATTACHMENT 10
' RECEIVER SELECTIVITY

The following filtering mask is an example of selectivity curve, for a receiver stability of + 5 ppm.

+2 500 Hz

t 3462 Hz

+ 6680 Hz

Ground instability (137 Hz)
+ Doppler {140 Hz)

Receiver instability
— {685 Hz)

BOEING
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ATTACHMENT 11
TRANSMITTER SPECTRUM MASK

ATTENUATION

(dBc)
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it

w
=2
=
<L
>
w
-
@
<
o
-
I
w
o
o

N
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<
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Frequency is specified in Hz deviation from the channel center (on both sides), and the attenuation is specified in dBc.
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e e

~ Appendix I PART I
HH‘. ) ~ EXCERPTS FROM

INTERNATIONAL STANDARDS
AND RECOMMENDED PRACTICES

AERONAUTICAL

TELECOMMUNICATIONS

ANNEX 10

TO THE CONVENTION ON INTERNATIONAL CIVIL AVIATION

YOLUME I

(PART 1==EQUIPMENT AND SYSTEMS;
PART H—RADIO FREQUENCIES)

r .
‘ THIRD EDITION OF VOLUME I— JULY 1972
i5—Air-Ground VHF 4514 The design polarization 47.3. RECEIVING FUNCTION
omCm:mcatm.n System of emissions shall be vertical.
L aracteristics ] * s
4.7.—System Characteristi 4721 Sensivity.

451 The characteristi i th .7.~5System Characteristics
air-ground VHF :o:n;l;l:i:atl;o:xcs s?rste::i of the Airborne Installation RECOMMENDATION.—After due allow-
usecd in the International Aeronautical anlce has been mac.fe for atrcraft feeder
Mobile Service shall be in comformity 4,71, -TRANSMITTING FUNCTION mtsmarc'h. atrenyqﬂqn loss and‘gn_renna
with the following spevifications: polar diagram variation, the sensitivity of

: 47.1.1 Frequency stability. The the receiving function should be such as to
y 4.5.1.1 Radiotelephone emis- radio frequency of operation shall not vary provide on a high percentage of occasions an
F:‘ sions shall be continuous wave (CW) more than plus or minus 0.005 per cent audio output signal with ¢ wanted/
I amplitude modulated carriers (A3). from the assigned frequency. Where 25 kHz .unwented ratio of 15 dB, with a 50 per cent
) : . channe! spacing is introduced, the radio amplitude modulated (A3) radio signal
4.5.12 Spurious emissions shall frequency of operation shall not vary more having a field strength of 75 microvolts per
: be kept at the lowest value which than plus or minus 0.003 per cent from the metre (minus 109 dBW{m®).
the state of technique and the nature of assigned frequency for new transmitters : ;
. : L — ded VHF
the service permit. i.nstallefi after 1 January 1974 and for all fai"?!)i:?es,Fzz P %’fé’:ﬁeﬂfg:eﬁ:n;mﬁfnm-on

Note. — Appendix 4 to the Radio Reglations transmitters after 1 January 1981, sensitivity of 30 microvolts per metre may
contains the lolerances for the levels of spurious be assumed.
emissions to which transmitters must conform in 4.7.1.2 Power. On a high percen- .
accordance with RR 32471672, tage of occasions, the effective radiated f:i:};z}‘zr 100 g’; “;’;e ;;:'ep’?“';jb‘;:;‘;;

. ' power shall be such us to provide u {ield wi @ ' an

4.5.1.3 The radio {requencies strength of at least 220 microvolts per metre
used shall be selected from the radio {minus 120 dBW/m") on the basis of free
frequencies in the band 117.975 MHz to space propagation, at ranges and altl‘“}des
136 MHz. The separation between assign- appropriate to the operational conditions * ARINC STAFF NOTE
able frequencies {(channel spacing) and fre- pertaining to the areas over which the
qnf.le:l:y tolerances; alllppg:able to e'l;n:len‘ts aircraft is operated, See Amendment 63, page 42
of the system shal as specified in :

Part [I 2.1‘2 and 4.1.6. F 4713 Modulation. A peak modu- of this document
’ lation factor of at least (.85 shall be
e .,/’ofe.—me band 117.975-132 MHz was achievable.
—dcated 10 the Aeronautical Mobile (R} Ser-
vice in the Radio Regulations (1947). By sub- 47.1.4 RECOMMENDATION .—
sequent revisions of the Regulations at ITU Means should be provided to maintain the
World Administrative Conferences the band . -
132-136 MHz was added to the (R) aflocation average modulation factor at the highest P.65,66
under conditions which differ for iTU Regions, practicable value without overmodulation. R.61
or for specified countries or combinations of BOEI.NG

couniries.
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Part I — Equipment and Systems -
channel spacing recefving installations, The gystems are in force, the characteristics of Designation Frequency
receiving function shall ¢nsure an effective  the receiver should be such that: (Hz)
acceptance bandwidth as follows: a) the audio frequency response pre- Red F 524.8
a) Until 1 Tanuary 1974 and in areas  cludes harmful levels of audio heterodynes Red G 5821
where off-set carrier systems are em-  resulting from the reception of two or Red H 645.7
ployed, the receiving function shall pro-  mtore off-set carrier frequencies; Red J 716.1
v_i ile a0 ade?quate Sycun iUt vben t.he b) the receiver muting circuits, if pro- fea f g
signal specified at 4.7.2.1 has a carrfer . . Red L 881.0
frequency within 15 KHz of the assigned  1ocd: operate satisfactordy in the pre- Red M 9772
g sence of audio heterodynes resulting from %
: the reception of two or more off-set Blue A 123.6
b) After 1 January 1974 and in afeas carrier frequencies. Blue B 158.9
where off-set catrier systems are em- Blue C 1981
ployed, the receiving function shall pro- Blue D 441'6
vide an adequate audio output when the 48~SELCAL System * Bl E 4898
signal specified at 4,7.2,1 has a carrier i i F 54 '
froquency within B XHz of the assigned 48.1 RECOMMI-:NL:A'::IoN.— Blue 3.3
frequency. Where a SELCAL system is installed, Blie G 602.6
the following system characteristics Biue H 668.3
¢) In ateas where off-set carrier systems  should be applied: Blue J 741.3
are not employed, the receiving function Blne K 8222
shall provide an adequate audio output a) Transmitted code. Each trans- Bine L 912.0
when the signal specified at 4.7.2.1 has a wutted code should be made up of two Riue M 10116
carrier frequency within plus or minus consecutive fome pulses, with each
0.005 per cent of the assigned frequency, pulse  containing two simulioneously Vellow A 335.0
. tronsmitted tones. The pulses should Vellow B 371'5
4723 Adjacent channel rejection. be of 1.0 plus or minus 0.25 seconds Yellow C 412'1
The receiving function shall ensute an effec- . duration, separated by on  interval Yellow D 457'1
tive adjacent channel rejection as follows: of 0.2 plus or minus 0.1 second. Y:zllow E 507'0
a) 25 kHz channel spacing environ- b) Stability, The frequency of trans- YVellow F 562.3
ment: 50 dB or more at plus or minus 25 mitted tones should be held fo plus or Yellow G 623.7
kHz with 1espect to the assigned fre- minus 0.15 per cont tolevance to ensure Yellow H 691.8
quency and 40 4B or mote at plus or proper operation of the airborne de- Yellow J 767.4
minus 17 kHz; coder. Vellow K 851.1
b) 50 kHz channel spacing environ- ¢) Distortion. The overall gudio ;jﬁz:z ﬁ,} 13:;]1

ment: 50 dB or more at plus or minus 50
kHz with tespect to the assigned fre-
quency and 40 dB or more at plus or
myinus 35 kHz;

¢) 100 kHz channel spacing environ-
ment: 50 dB or more at plus or minus 100
kHz with respect to the assigned fre-
quency,

4.7.24 RECOMMENDATION —
Whenever practicable, the receiving system
should ensure an effective adjacent channel
rejection characteristic of 60 dB or more at
plus or minus 25 kHz, 50 kHz and 100 kHz
from the assigned frequency for receiving
s)stems intended to operate in channel
spacing environments of 25 kHz, 30 kHz
and 100 kHz respectively.

Note.—Frequency planning s normally
based on an assumption of 60 dB effective
adjacent charmel rejection at plis or minus
25 kHz, 50 kHz or 100 kHz from the
assigned frequency as appropriate to the
channel spacing environment.

4.1.25 RECOMMENDATION,—
In the case of receivers complying with
4.7.2.2 used In areas where offsset carrier

distorsion present on the transmitied
#-f signal should not exceed 15 per cent.

d) Per cent modulation. The »-f
signal transmitted by the ground radio
station should contawn, within 3 dB,
equal amounts of the twe modulating
tones. The combingtion of tones should
result in a modulation envelope having
a nomingl modulation percentage as
kigh as possible and it no case less
than 60 per cent.

¢) Transmitted tones. Tone codes
should be wade up of various combi-
nations of the tones listed in the fol-
lowing fable and designated by colour
and letter as indicated:

TasLe oF ToNE FREQUENCIES

Designation Frequency
(Hs)
Red A 3126
Red B J40.7
Red C 384.6
Red D 426.6
Red E 473.2

Note 1—It should be nofed that the
tones in any one celour growp are spaced
by Log-} 0.045 te avoid the possibility
of harmonic combinations.

Note 2—In accordance with the ap-
plication principles developed by the Sizth
Session of the Communications Division,
the only codes at present used interng-
tionally are selected from the red group.

Note 3.—Guidance material on the use

of SELCAL systems is contained in Ai-
tachment D to Part [

*ARINC STAFF NOTE

See Amendment 63, page 42

of this document

23/5/74
No. 52 BOEING
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Chapter 4.—Utilization
of Frequencies above 30 MHz

4.1 —Utilization *
in the Band 117.975 - 136 MHz

Introduction

The band 118 - 132 MHz was allocated
in {947 by tkhe Atlantic City ITU Radio
Conference, and agein in 1959 by the
Geneva Conference, but wilh extension

downwards to 117,975 MHz, for the exclu- -

sive use by the Aeronautical Mobile (R)
Service, This Chapter of Annex 10 degls
with Standards and Recommended Practices
relgting to this band and includes matters
pertaining to the selection of particular fre-
quencies for various aeronautical purposes.
These Standards are introduced by the fol-
lowing preface, which sets out the prin-
ciples upon whickh the utilization of VHF on
a world-wide basis with due regard to
economy has been planned,

't Radio Conferences subsequent to
1947 also made provisions for the use
of the band 132-136 MHz for the
JAeronautical M obile (R) Scrvice nunder
conditions which vary for the different
ITU Regions, countrics oF combination of
couniries. The utilization of this band has
been included in the Allotwent Table in
this Chapler; howezer, it should be kept
in mind that the use of frequencies of the
band 132 - 136 MHz must lake account of
the conditions contained in the notes
against this band in the ITU Allocation
Table.

Preface

The uiilization of VHF on @ worid-
wide basis with due regard to economy
and practicabifity requires a plan that
will take into accornt:

a) the need for an orderly evolution
towards mproved operation and the
required degree of world-wide stan-
dardization;

b} the desirabilify of providing for
an coomomic transition from present
utilisation to aptivoon utilization of
the frequencics avatlable, taking into
account He maximum possible wtiliza-
ton of existing equipment;

*ARINC STAFF NOTE

See Amendment 63, page 42
of this document

¢} the need to provide for co-ordina-
tion between infernational end national
utilization so as fo ensure mitwal pro-
tection from interference;

d) the need for providing a frame-
work for the integrated development
of Regional Plans;

e) the desirgbility of incorperating
in any group af frequencies to be used
thase now in use for international air
services; -

f) the nced for keeping the fotal
number of frequencics and their group-
ing in appropriate relation to the air-
borne equipment known fo be widely
wsed by .international air services

g) a requirement for the provision
of a single frequency that may be used
for emergency purposes on a world-
wide basis and, also, in certain regions,
for another frequency that smay be
used as g common frequency for spe-
cial purposes;

k) the need for providing sufficient
flexibility to allow for the differences
in application neccessitated by regional
conditions,

41,1, —GENERAL ALLOTMENT *
oF FREQUENCY Baxp 117.975-136 MHz

Note—The plan includes @ general
Allotment Table that subdivides the com-
plete band 1I7973-136 MHs, the chicf
subdivisions being the bands of frequen-
cies allocated to both national and ter-
national services, and the bands allacated
to national serviecs. Qbservance vi this
acneral  subdivision should keep to a
mintmum  the problem of co-ordinating
nuational and international application.

The block allotment of the frequency
band 117.975-136 MHz shall be as
shown in the following table (sc¢ box
on page 78).

4.1.2—FREQUENCY SEPARATION AND
LiMITs OF AssicNaBLy FREQUENCIES

4.1.2,1 Until 1 July 1976, the min-
imum separation between assignable fre-
quencies used in the International Aero-
nautical Mobile Service shall be 30 kHz,
except that a minimum channel spacing of
25 kHz may be used prior to that date
provided that the deployment of fre-
quencies at 25 kHz channel spacing does not
cause harmful interference to users of equip-
ment designed for 50 kHz channel spacing
and provided that operational requirements
so dictate, for facilities providing primary
means of communication,

27/11/80
No. 61
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Aitotvest Tasln (see 4,11

Block allotment
of frequencies
(MHz}

Warld-wide
utilization

Remarks

a 1180 121.4
inclusive

b 1215

¢) 121,610 121,975
inclusive

dy 12210 122.08
inchisive

€) 123.1

H 12301510 123.675

£ 123.710 129678
inclusive

hy 129.7t0 130.875
inclusive

3
i 130910135978

International and Nationat
Aeronautical Mobile Ser-
vices

Emergency frequency

Internationai and Nationai
acrodrome surface com-
munications

National Aeronautical Mo-
bile Services

Auxiliaty frequency SAR

National Ae¢ronautical Mo-
bile Service

International and National
Acronautical Mobile Ser-
vices

National Aeronautical Mo-
bile Services

International und National

Specific international altotments
will be determined in the light

of regionat agreement. National

assignments ate covered by the
provisions in 4.1.5. 10,

In order to provide a guard band
for the protection of the aero-
nautical emezpency frequency,
the neatest assignable frequen-
cics on cither side of 121.5 MH:z
are t21.4 MHz and 121.6 MHz,
except that by regional agree.
ment it may be dacided that the
mearest assighable frequencies
are 121.3 MHz and 121.7 MHz,

Reserved for ground movement,

preflight checking, air traffic

services clearances, and asso-
ciated operations,

Reserved for nationat allctments.

Seec 4.1.4.0

Reserved for national allotments.

Specific international allotments
will be determined in the light
of zegional agteement, National
assignments are covered by the
provisions in 4.1.5.10.

Rescrved for national allotments
but may be used in whole or in
part, subject to regional agree-
ment, to meet the rtequirements
mentioned in ¢.1.8.1.3,

Specific international sliotments

inclusive Acronautical Mobilke Ser- will be determined in the light
vices of regional agreement. National
aisignments are coveted by the

provisions in 4.1.5.10,

{S¢ee remark in the Iniroduc.
tion to Chapter 4 regarding the
band 132 - 136 MHz.)

27/11/80
No, 618

4.1.2.2 After | July 1976 and
until § January 1977, the minimum separa-
tion between assignable frequencies in the
International Aecronautical Mabile Service
shall be 25 kHz in thost areas where such
channel spacing has betn introduced by
regional agreement, and the minimum sepa-
ration between assignable frequencies shail
be 50 kHz in all other areas. After | January
1977, the minimum separation between
assignable frequencies in the Intcrnational
Aesonautical Mobile Service shall be 25
kHz,

Note 1.—The intent of this paragraph is lo
allow those sircraft engaged bﬁ:;emiam in
aress where 25 k.
be introdiced prior 1o } Ja
additions! period of time in which to effect
the requived girbome equipmeni

tions Recesmry 10 operste in @ 25 kHz'
chamnel specing environment,

Note 2.-It is recognized that, after | July
1976 and even after I January 1977 in some
regions or areas, §00 kHz or 50 kHz channel

cing ma vide an adeguate number o,

Ermdayu;’zﬂy nhtcdqa‘o” Wmﬂbm{

and natiorml air services and that equipment

c:::tgud‘ e speci, for 100 kHz ov 50 kHz
"

ny remain adequate for
services operaiing within such regions or
areas.

4.1.2.3 Until at teast 1 January
1988, equipment specifically designed for
25 kHz channel spacing shall be safeguarded
with respect to its suitability for the Inter-
natlonal Aeonauiical Mobile Service.

¥
4.1.2.4 in the band 117.975 -~ 136
MHz, the lowest 2ssignable frequency shall
be 118 MHz and the highest 135.975 MHz.

4.1.3.~-Fregrencies
Usep For Particvnaz Fuxcrions

1131

41311 The emergency channel
(121.5 MHz) shall be used oniy for
gennine emergency purposes, as broadly
outlined in the following :

Emeraeney ¢hanael.

¢) 10 provide a clear channel be-
tween aircraft in distress or emergency
aml a ground station when the normal
chanpels are being utilized for ather
airerafl ;

5 w provile a VHF communica-
tion channcl between ajrcraft and aero-
dromes, not normally used by iiter.
national air services, in caze of an
cuwergency condition arising ;

¢) W provide a vommon VI{F com-
wwnicativn channel between aircrafl,
either civil or military, and between
such  aircraft, and surface services,
involved in common search and rescue

*ARINC STAFF NOTE

See Amendment 63, page 42
of this document
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operations, prior to changing when
necessary to the appropriate frequency :

d) to provide air-ground comtuni-
cation with aircraft when airborne
equipment faflure prevents the use of
the regular channels;

¢) to provide a frequency channel for
the operation of survival radio equipment
or emergency location beacon — aircraft
(ELBA), and for communication between
survival craft and aircraft engaged in
search and rescue operations;

) ta provide a common VHF chanael
for communication between civil aircraft
and military aircraft or intercept control
units in the event of interception of the
civil aircraft.

Note 1.—The use of the frequency 1215
MHz for the purpose ontlined in c)
aboze is to be groided if it interferes in
any way with the cfficient handling of
distress traffic.

Note 2,=The current Radio Regulations
make provisions that the aerongulical
emergency frequency 121.5 MHz may aiso be
used by mobile stations of the Maritime Mobile
S}fﬂjge, using }43 er-nfission o commu’:rfcare on
this _frequency for safety purposes with siations
azf the Aeronawtical Mobile Service (RR 35721

73, 665141968 and 6652/969),

4.1.3.1.2 The frequency of 121.5
MHz shail be provided at:
a) all area costrol centres and flight
information centres, and
b) aerodrome control towers and
approach control offices serving inter-
national aerodromes znd international
aiternate aerodromes.
where the provision of that frequency is
considered necessary to ensure immediate
reception of distress calls or to sexrve the
purposes specified in 4.1.3.1.1.

4.1.3.1.3 RECOMMENDATION .—
The frequency of 121.5 MHz should be
provided at any additional locations where
such provision is considered necessary to
ensure fmmediate reception of distress calls
or to serve the purposes specified in
4.1.3.1.1.

4.1.3.1.4  The emergency channel shall
be guarded continuously during the hours of
service of the units at which it is installed.

4,1.3.1.5  The emergency channel shall
be guarded on a single channel simplex
operation basis.

4.1.4.—ATXILIARY FREQUENCIES
fOR SEARCH AND RESCUE OPERATIONS
4,1.4.1 Where a requirement is
established for the use of a frequency
auxiliary to 121.5 MHz, as described in
4,1.3.1.1 ¢), the frequency 123.1 MHz shall
be used.
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1.1.3,—Provisions CONCERNING THE

DEPLOYMENT OF VHF FREQUENCIES

AND THE AVOIDANCE OF HARMFUL
INTERFERENCE

4151 In the case of those VHF
facilities providing service up to the radio
horizon, the geographical separation be-
tween facilities working on the same fre-
quency shall, except where there is an
operationzl tequiréement for the use of
common frequencies for groups of facilities,
be such that points at the protection heights
and at the limit of the functional service
range of each facility are separated by
distances not less than the sum of distances
from each of the points to its associated
radio horizon.

4152 In the case of those VHF
facilities providing service beyond the radic
horizon, except where there is an opera-
tional requirement for the use of common
frequencies for groups of facilities, planning
for co-channel operations shall be such that
points at the protection heights and at the
limits of the functional service area of ¢ach
facility are separated by distances mot iess
than the sum of distances from each point
to its associated radie horizon.

Note 1.--The distance to the radio horizon
from a station in an eircraft is normally
given by the formula:

D=K+h
where I = distance in nagutical miles;

h = height of the aircraft station
above earth;

K = (corresponding to @ effective
earth’s radius of 4/3 of the
actual radius)

= 222 when his expressed in
metres; and

= [.23 when h is expressed in
feer.

Note 2.~In calculating the radio line-of
sight distance between g ground station and
an dircraft station, the distance from the
radio horizon of the aircraft station com-
puted from Note 1 above must be added to
the distance from the radio horizon of the
ground station. In calculating the latter the
samte formula is emploved, taking for h the
he;'ghr of the ground station transmitting
antenna.

Note 3.-The criterion contained in
4,1.5.2 is applicable in establishing mini-
mum geographical separation between VHF
facilities, with the object of avoiding co-
cliannel air-to-air  interference. Guidance
material relating to the establishment of
separgtion distances between ground Sta-
tions and between aircraft and ground sita-
tions for co-channel operations i contained

in Section 3 of Artachment A to Part I
Guidance material relqting to adjacent chan-
rel frequency deployment is contained in
Section 2 of Attachment A to Part II,

Note 4,—Guidance material on the inter-
pretation of 4.1.5.1 and 4.1.5.2 is contained
in Attachment A to Part Il

4.1.5.3 The geographical separa-
tion between facilities working on adjacent
channels shall be such that points at the
protection heights and at the limit of the
functional service range of each facility are
separated by a distance sufficient to ensure
operations free from harmful interference.

Note.—Guidance material covering separa-
tion distances and related system charac-

teristics is contained in Attachment A to
FPart IL

4.1.5.4 The protection height shall
be a height above a specified datum asso-
ciated with a particular- facility, such that
below it harmful interference is improbable.

4,155 The protection height to
te applied to functions or to specific facili-
ties shall be determined regionmally, taking
into consideration the following factors:

a) the nature of the service to be
provided;

b) the air traffic pattern involved;

¢) the distribution of communication
traffic;

d) the availability of frequency chan-
nels in airborne equipment;

&) probable future developments,

4.1.5.6 RECOMMENDATION.~
Where the protection heights determined are
less than those operationally desirable, sepa-
ration between facilities operating on the
same frequency should not be less than that
necessary to ensure that en aircraft at the
limit of the functional service range and the
operationally destrable protection height of
one facility does not come above the radio
horizon with respect to adjacent faciities.

Note,—The effect of this recommendation
is to establish a geographical seperation
distance below which harmful intérference
is probable.

4157 The geographical separa-
tion between VHF VOLMET stations shall
be determined regionally and, generally,
shal be such that operations free from
harmful interference are secured at the
highest altitude flown by aircraft in the area
concerned.,

Note.—Guidance material on the inter-
pretation of 4.1.5.7 is contained in Attach-
ment A to Pert II,

25/14/82
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4158 When utilizing 25 kHz
channel spacing prior to 1 July 1976, along
international air routes and at Jocations
serving international air services, selectivity
characterisiics of aitbomne equipment
designed for $0 kHz channel spacing shall be
tsken into account in frequency deploy-
ment in order to avoid harmiul interference
caused by 25 kHz channel spacing,

4159 Frequencies in the sero-
nautical mobile VHF band used for national
services, unless world-wide or regionally
aflotted to this specific purpose, shall t¢ %0
dcployed that minimum interference is
caused to facilities for the intesnational air
syvices in this band,

4,1.5.10 RECOMMENDA TION,—
The problems of inter-State interference on
frequencies allotted world-wide or om &
regional basiz to national services, should be
reroived by comsultation between the
Administrations concerned.

4.1.5.11 The communication covet-
age providsd by a VHF ground transmitter
shall, in order to avoid harmfil interference
to other stations, be kept to the misimum
consistent with the operational requirement

. for the function.

41512 RECOMMENDATION.—
For ground VHF facilities whick provide
service beyond the rodio horizon, eny
spuricus or harmonic rediation outside the
band plus or minuz 250 kHz from the
agsigned carrier frequency should not
exceed an effective radiated power of !
milliwart in any azimuth,

4.1.6, =EQUIPMENT REQUIREMENTS

Nou- L —Frequmcy tolerances to which sta-
n the aeronautical mobile band
‘ﬂl? 75-136 MH:) miust conform are con-

sained in Appendix 3 1o the Radio R
Tolerances for ransmitters JSo

than those mmud in the Radio Regulations

are reguired @.g. uipment specifications
in Part { comm s.mm such instances).

Note 2. — The frequency tolerance applicable
to individual components of a multi-carrier or
similer sysiem will be determined by the charac-
teristics of the specific system.

41.6,1 RECOMMENDATION,—
The ontenna gain of an extended range VHF
Jecility should preferably be such as fo
ensure that, Meyond the Hmits of plus or
minus 2 & about the cenire line of the
angitlar width ¢ of the arez 1o be served, it

27/11/80
No. 63
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does mot exceed 3 dB above that of & dipole,
But, in any case, i should be suck e to
ennwre freedom from harmful interference
with other radio servides.

Note 1,—The cctuel azimuth, the anguler
Wth the service ares, and the ¢ fective

zowowuldhan to be ¢ into
each individual case,
Note 2.~Guidance material on the inter-

pretation of 4,1.6.1 is contained in Astach-
ment A to .
4.1,7.~-METHOD OF OPERATION

4.1.7.1 Single
operation shall bs usd

117.975 MHz to 136 MHz at alt sitations
peoviding for sircraft engaged in interma-
tional air navigation,

4.1.7.2 In additio the above,

the ground-to-slr voics dunnel associated
with an ICAD standard madio navigational
aid may be used, subject to regional agree-
ment, for brosdeast of communication pur.
poses or both,

¥
4.1.8.-PLAN FOR THE ALLOTMENT OF
SPECIFIC VHF RADIO FREQUENCIES
FOR USE IN THE INTERNATIONAL
AERONAUTICAL MOBILE SERVICE

Insroduction
This plan designates the list of frequencies

awilable for awignment, itogether with
provigion for the use by the International

- Aeromgutical Mobile Service of all frequen-

cies with & channel spacing of 25 kHz, with
the frequencies in Group A continuing to be
used wherever they provide a wuffickent
number 10 meel the opemtional require-
ments.

The plan provides that the total rumber
of frequencies required in any region would
be determined reglonally, The effect of this
will de that frequencier assignable in o
perticuler region may be restricted fo a
limited number of the frequencies in the
tist, the actua! number being selected as
outlined herein,

In order thai the assignable frequencies
ray be coordinated between regions as far
ag practicable, the plan requires that, when-
ever the number of frequencies contoined in
Group A of 4.1.8.1.2 ks sufficient to meet
the requirements in a region, the frequencies
of thiz group be usted in the sequence
commencing with 118 MHz, This engures
that alf regions will have in common the
frequencies used in the region requiring the
least number of frequencies and, in respect
to any rwo regions, the rvegion with the
greater mimber wili kave in use ail the

frequencies used by the other. Group A

provides for frequency planning based om
100 kliz channel spacing.

Group B of the g st 4.1.8.1.2 contains
the frequencies in the bond 117,975 - 132
MHz ending in 50 kHz, Together with the
frequencies in Group A, they provide for
frequency plenning based on 50 bHz chan-
nel specing. In Group C gre listed the
frequency channels in the band 132 - 136
Mz bated upon 50 kHz channel spacing,
Group D contains the froquency channels in
the band 132 — 136 Mifs ending in 25 kHz,
and Group E similorly lsts the frequency
channels in the band 117,975 - 132 MHz,
The utilization of the channels in Groups B,
G Dand E is explained below.

Whenever the number of frequencies
required in g pariicular region exceeds the
number in Group A, frequencies may be
selected from the other Groups taking into
account the provisions of 4.1.8.1 with
respect f0 the use of channels based on 25
kNz charnel spacing and, with regerd 1o the
bend 132 — 136 MHz, the provisions of :he

Radio Resulations (see  Imroduction
4.1.). Akhough for Groups B, C, DandEa

preferved order of selection is not indicated,
regionsl plamning may require o porticular
selection of frequencies from these Groups
in order to cater for specific regional cir-
cumetances, This nxy apply particularly to
the ugilization of frequencies from the barnd
132 - |36 MHz for reasons of available
aiehorme equipment apdjor availzbility of
porticular frequency channels for the Aero-
noutical Mobile {R) Sewvice, It may also be
Jound that, in a particular region, it Iy
derirable to select frequencies. from Group B
fest, before selecting frequencies from
Groups G Dor E.

In many regions particuler frequencies
have already been assigned for porticular
Junctions a3, for instance, acerodrome or

- approach control, The plan does not make
sich assignments (except in respect o the
emergency channel and ground service fre-
quencies), such action being token region-
olly if congidered desirable,

4.18.1 The fiequencies in the
band 117.975 MHz to 136 MHz for use in
the International Aeronautical Mobile
Sesvice thall be gelected from the list in
41.8.1.2

4.1.8.1.1 When the number of fre-
quencies required in a particular region does
not exceed the number of frequencies con-
tained in Gioup A of 4.1.8.1.2, the frequen-
cles 30 be used shalt be selected in sequence,
in so far as practicable, from those of Group
Aof 4.1.8.1.2,

*ARINC STAFF NOTE

See Amendment 63, page 42
of this document
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‘ 4.1.8.1.2 List of assignable jre- GROUP B Group C (Contd)
L quencies. Frequency  Frequency  Frequency Frequency  Frequemcy  Frequency
Frequency Annotations {MHz) {MHz) (MHz} (MHz) (MHz) {MHz)
MHz) 118.03 123.85 127.35 134.70 135.15 135.60
1215 Emergency frequency 118.15 123.95 127.45 134,75 135.20 135.65
{ 123.1 Auxiliary frequency SAR 11825 124.05 127.55 134.80 135.25 135.70
! 121.60 118.35 124.15 127.65 134.85 135.30 135,75
121.65 118.45 12425 . 12775 134.90 135.35 135.80
121.70 ) 118.55 124.35 127.85 134.95 135.40 135.85
121.75 118.65 124.45- 127,95 135.00 135.45 135.90
121.80 118.75 124.55 128.05 135.05 13550 13595
12185 118.85 124.65 128.15 135,10 13555
121.%0 Reserved for aerodrome 118.95 124.75 128,25
121.95 ? surface communjcations 119.05 124.85 128.35
121,625 [see 4.1.1, Allotment 119.15 124.35 128.45 GROUP D
121.675 Table, Item ¢] 119.25 125,05 128.55
121,725 119.35 125.15 128.65 Frequency  Frequency  Frequency
121.775 119.45 125.25 128.75 (Milz) (MHz) {MEHz)
= 121,825 119.55 125.35 128.85 132.025 133.375 134,725
121.875 119.65 125.45 128.95 132.075 133.425 134.775
: 121.925 119.75 125,55 129.05 132,125 133.475 134.825
| 121,975 119.85 125.65 129.15 132175 133.525 134.875
\ GROUE A 119.95 125.75 129.25 132.225 133.575 134,925
120.05 125.85 129.35 132.275 133.625 134.975
Frequency  Frequency  Frequency 12015 125,95 129.45 132,325 133,675 135.025
(MHz) (MHz) (MHz) -120.25 126,05 129.55 132.375 133,725 135.075
118.00 123.80 127.40 120.35 126.15 129.65 132,425 133.775 135,125
118.10 123.90 12750 120.45 126.25 130.95 132,475 133825  -135.175
118.20 .124.00 127.60 120.55 126.35 131.05 132525 133.875 135.225
118.30 124.10 127,70 120.65 126.45 13L.15 132.575 133.925 135.275
= 118.40 124.20 127.80 120.75 126.55 131.25 132.625 133.975 135.325
118.50 124.30 127.90 120.85 126.65 13135 132,675 134.025 135.375
118.60 124,40 128.00 120.95 126.75 131.45. 132.725 134,075 135.425
118.70 124.50 128.10 . 121.05 126.85 . 131.55 132.775 134.125 135475 -
_ 118.80 124.60 128.20 121.15 126.95 ‘13165 . 132.825 134.175 135.525
ke 118.90 124.70 128.30 121.25 127.05 13175 132.875 134,225 135.575
119.00 124,80 128.40 121.35. 127.15 131.85 132,928 134.275 135.625
119.10 124.,90- 128.50 123.75 127.25 131.95 132.975 134.325 135.675
119,20 125.00 128.60 —-— 133.025 134.375 135.725
119,30 125.10 128.70 133.075 134.425 135.775
119.40 125.20 128.80 GROUP C 133.125 134.475 135.825
119.50 125.30 128.90 . 133.175 134.525 135.875
= 119.60 12540 . 129.00 Frequency  Frequency  Frequency 133.225 134575 135925
119.70 12550 129.10 (MEz) (MHz) (MHz) 133275 134625 135975
i 119.30 125.60 129.20 132.00 132.90 133.80 133325 134475 «
119.90 125.10 129.30 132.05 132,95 133.85
; 120.00 125.80 129.40 132.10 133.00 133.90
| 120.10 125.90 129.50 13215 133.05 133.95 . GROUP E
B% Gk oma | MR W | rwe pew e
) y : . g : {MHz) {MHz) (MHz)
120.40 126.20 131.00 132.30 133.20 134,10
120.50 126.30 131.10 132.35 133.25 134,15 118.025 118.575 119.125
120.60 126.40 131.20 132.40 133,30 134.20 118,075 118.625 119,175
120.70 126.50 131.30 132.45 133,35 134,25 118,125 118,675 119.225
120,80 126.60 131.40 132.50 133.40 134.30 118.175 118.725 119.275
120.90 126.70 131.50 132.55 133.45 124.35 118.225 118.775 119.325
121.00 126.80 131.60 132.60 133.50 134.40 118.275 118.825 119.375
121.10 126.90 131.70 132.65 133.55 " 134.45 118.325 118.875 119.425
121.20 127.00 131.80 132,70 133.60 134.50 118.375 118.925 119.475
121.30 127.10 131.90 132.75 133.65 134.55 118.425 £18.975 119,525
121.40 127.20 132.30 133.70 134.60 118.475 119.625 119.575
123.70 127.30 132.85 133.75 134,65 118.525 119.075 119.625
*ARINC STAFF NOTE Sl
See Amendment 63, page 42
. of this document
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Group E (Contd) 4.1.8.1.3 RECOMMENDATION .—
Frequencies for opemtiw.ul control commu-
: Frequenc nications may be required to enable aireraft
F';;;:;cy Frguﬂe;;cy ﬂ;ﬂf ) 4 operating agencies l.; n;:’: ;Ine a:;;g:'nom
prescribed in Annex 6, , in which case
119.675 124,925 127.87$ they should be selected from the bands
119.728 124,978 127,928 128.825 — 132,025 MHz. These frequencies
119.775 125,025 127.975 should be chosen, in 30 Jar as practicable,
119.825 125.078 128.028 from the upper end of the band and in
119.875 125.128 128.078 sequentisl order,
119.925 125.178 128,125 Note, - It is recognized that the assignment
128,178 of such frequencies and the Heensing of the
119,975 125.225 5
operation of the related facilities are matters
120,025 125.278 128,225 for national determination. However, in
120.075 125,328 128,275 regions where a problem exists with respect
120.125 125,378 128.325 to the provision of frequencier Jor operg-
120175 125.425 128.378 tioral control mﬂ. it may be advante-
: geous if States vour fo co-ordinate the
120.225 125.475 128,425 requirements of eircreft operating agencies
120.275 125.528 128,475 Jor such channels prior meetings.
120,325 125.578 128.525
120,378 125.625 128.575 4.1.8.2 The frequencies that may
120.425 125.675 128.625 be ailatted for uss in. the International
120,475 125.725 128.675 Actonautical Mobile Service in 2 pasticular
120525 125775 128725 | segion shall be lmited to the number
120.578 125,825 128,775 determined as being mecesmry for opera-
0675 159 1amrs | Crameedsinthersgon
¢ ¥ * Note,~The number o ncles
120,725 125.975 128.925 mqui‘:& in o perticular re ge::rmﬂy
120.775 126.028 128975 MM 63, lh;‘m Md‘a: %ﬁﬂl mk
: ]
120.825 126.075 129.028 i The capablities of ph
120.875 126.128 129.078 mgmu Jknown to be widely used in the
120925 126.175 129.125 region will be takem into eccount in thir
120.975 126.225 129.17% determinglion,
121.025 126.275 129.228
121.078 126,328 129.278
121.125 126.375 129.328
121.175 126.428 129,378
§21.225 126475 129.425 ATTACHMENT D TO PART I.— GUIDANCE MATERIAL
121215 126525 129478 FOR COMMUNICATION SYSTEMS
§21.325 126.575 129.525
121,375 126.625 129.57% ’
123.728 126.675 129.625
123,778 126.725 129.67§ i
. 126.778 130.928 ’
::;.:‘3: lzs‘szs |3°.91, 2.—VHF Communications 2.2.—0FF"SET CARRIER SYSTEM
:i::,f‘;' :32‘:;: :;:gg 2.1,—AUDIO CHARACTERISTICS The following are examples of off-set
. A 3 £ E carrier systems which meet the reqnirements
124,028 126.975 131125 oF VHF CoMMUNIcATION EQUIPMENT LR A ST T
:i:g;: ::;:g;: :;:'g: The aeronautical radiotelephony ser- a) Z-carrier ystem, Cittirs shold be
> . vices represent a special case of the oy "
124.175 127.125 131.275 application of radiotelephony, in that the :z;zxdesa; ?:::u:::: '::;:1; ::lzi T}:::
124.225 127.175 131.325 requirement is for the transmission of minus 2 kHz (15 3y Vi i ilrl)ius :
124.275 127.225 131,375 messages in such a way that fidelity of 130 MHz) - BEE o 2
124,325 ::;:;: ::::.2’: wave form is of secondary importance, :
124.375 . - emphasis being upon fidelity of basic in- b) 3-carrier system. Carriers should be
124,425 127.315 131.525 telligence. This means that it is not spaced at zero and plus and minus 7.3
124.475 127425 131575 necessary to transmit those parts of the kHz, This requires a frequency stability of
124.525 127.475 131.625 wave form which are solely concerned plus or minus 0.65 kHz (5 parts per
124,575 127,528 131.675 with individuality, accent and emphasis. miltion at 130 MHz).
e o o T ol s f & 5
'2‘.125 I27'615 |3!.825 carrier systems which meet the requirements
i24735 127725 131875 OEEAtLT; 46114
124:825 127,775 131.925 @) 4-carrier system, Cartiers should be
124,87$ 127.825 131.978 spaced at plus and minus 2.5 kHz and plus
and minus 7.5 kHz. This requires a fre-
quency stability of plus or minus 0.5 kHz
27/11/30 (3.8 parts per million at 130 MHz),
No. 61
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b)Y JS-carrier system. Carriers should be
spaced at zero, plus and minus 4 kHz and
plus and minus 8 kHz. A frequency
stability in the order of pius or minus 40
Hz (0.3 parts per million at 130 MHz) is
an achievable and practicable interpreta-
tion of the requirement in this case.

Note.— The carrier frequency spacin
referred to above are with respect to the
assigned channel frequency.

3.—SELCAL System

31 This material [s intend-
ed to provide information and guidance
relating to the operation of the SELCAL
system, [t is associated with the Recom-
mended Practices contained in Part I,
4.8,

1) Function. The purpose of the
SELCAL system is to permit the selec-
tive calling of individual aircraft over
radiotelephone channels linking the
ground station with the aircraft, and is
intended to operate on en-route fre-
quencies with existing HF and VHF
ground-to-air communications trans-
mitters and receivers with a minimum
of electrical and mechanical meodifica-
tion. The normal functioning of the
ground-to-air communications link
should be unaffected, except at such
time as the selective calling function is
being formed.

#i) Principles of operation. Selec-
tive calling is accomplished by the
coder of the ground transmitter send- -
ing a single group of coded tone pulses
to the aircraft receiver and decoder.
The airborne receiver and decoder
equipment is capable of receiving and
interpreting, by means of an indicator,
the correct code and rejecting all other
codes in the presence of random noise
and interference. The ground portion
of the coding device {ground selective
calling unit) supplies coded informa-
tion to the ground-to-air transmitter,
The airborne selective cailing unit
is the special airborne equipment which
operates with existing communications
receivers on the aircraft to permit
decoding of the ground-to-air signals
for display on the signal indicator.
The type of signal indicator can be
chosen to suit operational require-

ments of the user and may consist of
2 lamp, a bell, a chime or any com-
bination of such indicating devices.
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ATTACHMENT A TO PART II. — CONSIDERATIONS AFFECTING
TIIE DEPLOYMENT OF VIIF COMMUNICATION FREQUENCIES

Introduction

Paragraphs 4.1.5.2 and 4.1.5.3 of Part
I1 specify the geographical separation re-
quired for co-channel operation of VHF
facilities in the Aeronautical Mobile Serv-
ice. In Fig. A-1 the distance AB indicates
the separation required in order that air-
craflt ¢ and b operating at the protection
heights and at the limits of the functional
service range of stations A and B reapec-
tively, will not experience harmful inter-
ference.

Paragraph 4.1.6.1 of Part 1! recom-
mends the maximum antenna gain out-
side the main beam of facilities which
provide service beyond the radio horizon.
Figure A-2 illustrates the azimuthal angle
to be protected and the method of deriva-
tion. Smaller beam widths than 30 degrees
are not considered practical at present.

Note—The term “main beam" includes

all azimuths where antenng gain exceeds
3 dB above that of a dipole.

1.—Criteria Employed
in Establishing Adjacent
Chanonel Freqnency Deployment
with Respect to Receiver Hejecotion
ancd Other System Characleristics

1.1 For aircraft receivers
designed for operation in a 50 kHz
channel spacing environment and 2 ground
station frequency tolerance of 50 parts in
108 (== 0.005 per cent), an effective ad-
jacent channel rejection characteristic
of 60 dB or better is assumed. This as-
sumption will result in a geographical
separation distance between the nearest

limits of the functional service ranges of
the two facilities of at least 3 nautical
miles.,

1.2 For aircraft receivers de-
signed for operation in a 25 kHz channel
spacing environment and z ground station
frequency tolerance of plus or minus 0,002
per cent, an effective adjacent channel
rejection characteristic of 60 dB or better is
assumed, This assumption will fesult in a
geographjeal separation distance between
the nearest limits of the functional service
ranges of the two facilities of at least 3
nautical miles.

1.3 The above criteria are
based on the concept of protection by
receiver muting, except in the case of

area control and FIR channels where a

ninimum field strength is specified in
order to secure the desired wanted-to-
unwanted signal ratio.

1.4 The following additionat
assumptions were made in establishing
the criteria:

1} Propugation: free space propa-
gation between aircraft. The CCIR
curves for 100 MEz vertical polari-
zation over land in conjunction with
an assumed ground antenna height of
20 metres (65 feet) were used in com-
puting ground-air ficld strengths.

#i) Mintmum field strength al Hmit
of funciional service ronge: 45 dB
above | microvolt per wmetre at 3 000
metres (10000 feet) in the case of
arca control and FIR channels,

b

Radio h::zNk \

B

Fig. A-1.—Geographical separation required for co-channel operation
of VHF facilities

Note.~~To meet this requirement, a
station radiating 100 wails from an
anlenna 20 melres (65 feet) high should
be not more than 100 nautical miles from
the limit of its funclional service range.

i) Effective radiated power (ERP):
a maximum ERP of 20 watts from
ground and airborne stations with
the exception that, in case of ground
stations providing flight information’
or area control service communications,
it was necessary to assume a minimum
ERP of 100 watts.

1) Airborne entenna polar patlerns:
total variations not exceeding 10 db.
Since a maximum ERP was assumed
(annd therefore all wvariations are
downwards from this figure), no allow-
ance was necessary in respect of air-
borne transmitter polar diagrams,

oy Wanted-to-nunwanted signal ratio:
20 dB at the receiver output.

vi) Recefver muling characleristics:
a muting threshold correspending to a
received field strength of § microvolts
per metre, ’

2.—Criteria to be Employed
in Establishing Adjacent
Channel Frequeney Deployment
of VHF Facilities that have
u Service Range beyond
the Radio lHorizon

For the most economical use of fre-
quencies and to ensure freedom from inter-
ference, planning must be based on an
accurate knowledge of equipment used.
When the equipment characteristics and
field strength (or attenuation} curves are

on hand for the troposcatter regions, it is

relatively easy to determine the required
geographical separation. When these are
not known, the maximun permitted an-
tenna gain stipulated in Pare I, 4.1.6.1

will be assumed. There are several con-

ditions that must be calculated and com-
pared to determine the appropriate sep-

aration to Le used. The conditions to be
compared are:

1) ground facility-to-aireraft;

2) aircraft-to-ground facility;

3) aircraft-to-aircraft;

4) ground facility-to-ground facility.

BOEING
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r;‘ ) Case 1.—For the case of .p.rotection _o{
} aireralt A from a ground facility {(see Fig.
A-3):

A, Determine the signal level §
(db rel. 1 aV/m) received (rom
the desired station at the limit
of the service radius at the

protection altitude.

B. Assign the desired protection
ratio B (dB) required at the
aireraft receiver,

C. Let receiver adjacent channel
rejection be represented by A
(dB}. Then the level L (dB rel.
1 uV/m) that can be toler-
ated at the the recélver anten-
na can be determined by:
L=S~P+A

Distance d (km) from protec-
tion point to undesired {acility
to provide protection establish-
ed by "C" above, iz found
by application of L to the
apptopriate curves.*

=

E. The facility-to-facility separa-
tion D is d (km} plus service
radius {km).

(et *Nole I~—Figures A-7lo A-14 are

i Jfeld strengith curves approprivte [far the
average lemperale climate over land or
sea, which may be used to delermine
geographical separaiion for situations
where these field strenglhs will not nor-
_mally be exceeded more than 5 per cenl of
the time. These curves were established
by the Instituie for Telecommunico-
lions Sciences and Aeromomy of the
Environmental Science Services Admin-
istration of the United States of Ameri-
e,

Note 2.~For powcer levels other
tivan 1 kilowatt the neecessary correc-
— tions under “C” above would have
to be wmade. For example, 5 kilowotts
: ERP requires a minus 7 dB correc-
! tion,

Case 2.—Aircraft (A)-to-ground facility

| (see Fig. A-3). -

A, Determine signal level Sg at

) the ground facility receiving

antenna for proper system
operation,

m

B. Proceed as in Case 1, where
L=Sg—-P+A

C. Ground facility-to-ground fa-
cility separation will akso be
determiined as in Case 1 {[D) =
d + service radius),

Nate—~=Where grownd foeility receiv-
ers have seusiljvities of tess than | omi-

crovolt ucress 50 ohms, Cuse 2 05 maost
likely to vield the separution 1o be used.
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Azimuthal
angle 2¢

LR e

v

2. Azimuthal angle
of the service
area @

E

1. Line of sight—
from Facility
to aircraft at
20 000 feet
elevation

VHF Facility which
provides service
beyond the radio
horizon

4, Azimuth preferably limited
toe 3 dB above a dipole

Determine line of sight

Deterrnine azimuth angle ¢

Measure off 2 times azimuth angle {C-D and C-E)
Determine azimuth, preferably limited to 3 dB above
a dipole (D-E}

Fig. A-2.—Limit of azimuth protection for VHF facilities
which provide a service beyond the radie horizon

Frotection
' height

Facility site

Service
radius

N,

RO S,

TN S8 S N
Service area\
RN NN

Front or main
beatn arca

Facility-to-facility
separation

Back and side radiation

IFig. A-3.—Air-to-ground (facility from A) and ground-to-air
(A from facility)
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Case 3.~—Aircraft (A)-to-aireraft (B)
{see Fig, A-4):

A. Establish service radius and
protection altitude for facility
to be protected {(see aircraft A
in Fig. A-4).

B. Determine closest point to
aircraft A that aireraft B will
be transmitting to the ground
facility sitc and the altitude
where this will take place.

C. Proceed as in Case 1, using the
aireraft (B) contacting ground
facilities as the undesired
signal.

D. ThenL =S~ P+ A

E. The distance d to aircraft B
(undesired) obtained from the
curves, plus the service radius
of the facility to be protected,
will determine the separation
between aircraft B and the
ground facility protected.

F. Facility-to-facility  separation
may then be determined
graphically or by trigonometric
means.
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Case 4.~Ground facility-to-ground fa-
cility (see Fig, A-4), :
A. Determine signal level that can
be tolerated at the receiver
antenna at one facility by
L =8g — P 4 A (see Case 1)
B. Then facility-to-facility sepa-
ration for these conditions is
read directly from the curves
(after correcting for trans-
mitter power of other facilities
if different from 1 kilowatt).
C. 5Should equipments at the two
facilities have different charac-
teristics, repeat procedure in
“A" and "B above for the
other combination of equip-
ments,
D. Of the two distances derived,
use the greater to compare
with other cases (see below).

Note.—In most instances, 1 will be
Jound that ihe facility-to-facility con-
sideration will not be the conirolling
factor in  delermining geographical
separation.

Facility separation will then be the
greatest distance derived for Cases | to 4.

Service radius
Aircraft A

Main beam
protection area

Aircraft separation

Aircrafy B

é’acility-to-fa:ility

separation

/
—

Facility site

Fig. A-4.—Facility-to-facility separation based on air-to-air (A from B)
and ground-to-ground (C from D),

Aircraft

Wanted
transmitter

100 watts ERP

Radio horizon

Unwanted
transmitter

100 watts EAP

Radioc horizon

Fig. A-5.—VOLMET planning (illustrating co-chanuel protection)

3.—Criteria to be Employed

in Establishing Geographical
Separation between Ground Stations

and between Aircraft and Ground
Stations for Co-Channe! Operation
of VHF Facilities
that have a Serviee Area
beyond the Radio Horizon

Geographical separation of co-channel
facitities can be calculated by using the
method given in 2 above except that the
adjacent channel rejection {A) is omitted
from cousideration.

4.—Criteria Employed
in Establishing Co~Channel
Frequency Deployment of
YHF VOLMET Facilities

In the case of VHF VOLMET serv-
ices, the geographical separation between
co-channel stations should be 30 pautical
miles plus twice the distance to the radio
horizon from an aircralt at the highest
altitude flown by aircraft in the area
concerned,

Note.—At 15 nantical miles beyond the
radio horizon, the field strength at 13 500
metres (45 000 feeld, from o fransmiller
of 100 walts ERP, will be approximalely
at the receiver muling level of 3 wmicrovolls
per melre.

5.-~Criteria Employed
in Establishing Adjacent
Channel Frequency DNeployment
of VHF VOLMET Facilities

5.1 For aircraft receivers de-
signed for operation in a 25 kHz channel
spacing environment, an effective adjacent
chasnne! rejection characteristic of 60 dB or
better is assumed. This assumption will
result in a geographical separation distance
{D} between VHF VOLMET ground trans-
mitters derived as follows: .

D= (d, 4 d;) NM
where

d, = distance between aircraft and
wanted ground station

radio horizon 4+ 15 NM

I

and
d; = distance between aircraft and
unwanted ground station
=13 NM.
5.2 Where it is necessary to take

account, on a regional basis, of receivers not
specifically designed for 25 kHz channel
spacing and used in a 25 kHz channel
spacing environment, an effective adjacent
channel rejection characteristic of the re-

BOEING
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ceiver of the order of 40 dB is assumed, This
assumption will result in a minimum geo-
graphical separation distance (D) between o/
VHF VOLMET ground transmitters derived |
as follows: I

|

i

Ajreraft

D=(d,4+dy) NM
where dy dz
d, = distance between aircraft and
wanted ground station
= radio horizon -4 15 NM

dz = distance between aireraft
unwanted ground station

= 130 NM.

Unwanted
transmitter

Wanted
transmitier

ated .
Fig. A-6.—VOLMET planaing (illustrating adjacent chaunel protection)

5.3 Application of the above cri-
teria in the case of aircraft altitudes of
13 500 metres (45 000 feet) and 20 Q00
metres (66 000 feet) results in the fallowing
separation distances:

: ’ — 21) Interfering signal strength: if
Altitude Receiver rejection d, 4, D the received signal strength is in ex-

characteristic (NM) (VM) (NM) cess of the free space propagation

13 500 m (45 000 1) 60 dB 265 13 278 value, then the maximum value will

13 500 m (45 Q00 ft) 40 dB 265 130 {395 not exceed the iree space value by

20 300 m (66 000 ft) 60 dB 334 13 147 more than 5 dB over average earth.

20 000 m (66 000 £t) 40 dB 334 130 464 This condition is satished when trans-

— mitters of 20 watts ERP or more are
) . ustd in conjunction with a receiver ad-
5.4 The above criteria are Mote—If an ERP of 20 watts is jacent channel rejection of not less

assitnred, this wenld result i separation thar 35 dB. Thus, the wminimum dis-

based on the following additional as-
sumptions:

distances for 13500 metres (45000
fect) of 255 nautical miles for 60 dB

tance for ds can be derived from a
consideration of receiver muting level,

b 1) Effective radiated  power: an recoiver adfacent channel rejection and : ; iting
ERP of 100 watts for the ground sta- 309 nautical miles for 40 dB receiver receiver adjacent channel rejection and
tions. adjaccnt chanucl refection. transmitter ERP,
Fics. A-7 to A-14—Propacation CURVES FoR STANDARD ATMoSPHERE (301)
For FREQUENCY oF 127 MHz
(ESS4/1.T.5.A. — 1966 Propagation Model)

These curves labelled "5 per cent time availability"” represent only a statistically
expected value; i.e, a probability of 0.05 that a particular situation will result in the
specified field strength or greater during 5 per cent of the time,

' The parameters used to develop these curves include: |
1} frequency of 127 MHz; .

_ Z) horizontal or vertical polarization;

3) smooth earth with land or sea surface;
4) reflection coeficient of unity magaitude;
5) standard atmosphere with a 301 surface refractivity;

6) continental temperate climate;

7) Nakagami-Rice statistics for within-the-horizon fading;

&) An effective radiated power (ERP) corresponding to ! kilowatt input power into
‘ a lossless half-wave dipole.

BOEING !
Ex. 1041, p. 57
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AMENDMENT No. 63

TO THE

INTERNATIONAL STANDARDS,
RECOMMENDED PRACTICES AND
PROCEDURES FOR AIR NAVIGATION SERVICES

AERONAUTICAL
TELECOMMUNICATIONS

. ANNEX 10
TO THE CONVENTION ON INTERNATIONAL CIVIL AVIATION

. VOLUME II

The amendment to Annex 10 contained in this document

was adopted by the Council of ICAO on 13 December 1982.

Such parts of this amendment as have not been dis-~

approved by more than half of the total number of

Contracting States on or before 13 April 1983, will

become effective on that date and will become appli-

cable on 24 November 1983 as specified in the Reso-

lution of Adoption. !

DECEMBER 1982

INTERNATIONAL CIVIL AVIATION ORGANIZATION

BOEING
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63 :

Relevant existing text of Ammex 10
Volume I as amended by Amendment No. 62

(1)

Action Recommended

(2)

4513 The radic frequencies
used shall be selected from the radio
frequencies in the baud 117,975 MHz to

136 MHz. ] ne separation Detwieen assign-
able frequencies {channel spacing) and fre-
quency tolerances applicable to elements
of the system: shall be as specified in
Part 11, 412, and 4.16.

Note.—=The band [17,975-13) MHr was
allocated ro the Aeronautical Mobite (R) Ser-
vice in the Radio Reguiations (1947). By sub-

uent revisions of the Regulations at ITU

and the band 136 MHz to 137 MHZ sub-
jeet to the conditione of Radio
Regulation 595.

the bands 132 - 136 MHz and

orld Adms;m‘ raiive Conferences l’% ;@
- Z WS ed (3 1 -1 fan
o COnaIons which er for ERIONS,

or for specified countries or combinations of
countries.

4.6,2,~-RECEIVING FUNCTION

4.6.2.1 Sensitivity.  After  due
allowance has been made fot feeder jogs and
antenpa polar diagram variation, the ssnsi-
tivity of the receiving function shalf be such
ar to provide on a high percentage of
occasions an audic outpul signal with a
wanted/unwanted ratio of {5 dB, witha 50

136 = 137 MHz were |

per cent amplitude modulated [(A3)] radio
signal having a fiold strength of 20 micro-
volts per metre (minus 120 dBW/m®) or
more.

4,7.2.- RECEIVING FUNCTION

£7.2.1 Sensivity.

RECOMMENDATION .—After due allow-
ance has beem made for gircraft feeder
mismatch, attenuation Joss and antenna
poler diagram variation, the sensirivity of
the receiving function should be such as to
provide on a high percentage of occasions an
audio outpur sigrol with o waneed/
unwented ratio of 15 dB, witl. 2 50 per cent

|

emplitude moduliated | (A3)] radio signa
having ¢ field srrength of 75 microvolts per
merre (minus 199 dBWint),

(A3E)

BOEING
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Relevant existing text of Annex 10, Vol. I,

Part I, as amended by Amendment No.

62

Action Recommended

(2)

48,=SELCAL System

481 RECOMMENDATION, =
Where @ SELCAL sysiem is ingtalied,
the following  system  characteristics
thowld be applied:

a) Transmitted code. Eack Iranss
mitied code should be made up of ite
consecutite  tone  pulses, with each
pulie containing two simulianeously
transmitted tones, The pulses should
be of 1.0 plus or minns 025 seconds
duration, separaied by ar  interval
of 0.2 plus or minus 0. sccond.

b)* Stability. The frequeney of trans-
mitted tones should be held to plus of
ninng 015 per cent lolprance to cnsure
proper operation of the airborme de-
coder.

¢) Distortion. The ocverall oudin
distorsion present ow the iromamitted
rof signal should not exceed 135 per cexi.

&) Per cent modulation The ref
signal transmittcd by the ground radio
station should comtain, withim 3 dB,
equal awmountis of th: two woduiating
tones, The combingtion of tones should
result in a modulghion cnvelape having
¢ wominal maoduleiion percentage as
higk as possible and in no cuse less
than 6N per cent.

¢} Transmitted tones. Tome codes
shouid be made up of various combi-
nations of the tones listed in the fol-
lowing table and designated by colour
and leiter as tndicated:

Taste or Tunt FueQueNclEs

Degignation Frequency

(Hs)
Red A 326
Red B 3467
Red C < 3840
Red D 426.6
Red E 4732
Red F 5248
Red G 582.1
Red H 645.7
Red J 761
Red K 7943
Red L 8819
Red M : 9772

Red P
Red Q

Red R
Red S

1083.9
1202.3
1333.5
1479.1

BOEING
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—ft— 65 i
Relevant existing text of Ammex 10, Vol. I, Action Recommended
Part I, as amended by Amendment No. 62 (2)
Blue 4 326
1{ Blwe B ) 3s8.9
Blue € 3981
Blue D 4Lé
Biwe E 4558
Blue F 5433
Bive & 602.6
Blve H 668.3
i Biue 1 7413
- Bive K 2.2 L
Blue L ' 92120
Rive M 10115 ——
. delete
P Veilow A 3350 ‘ |1
T Vellow B 3715 :
! - elloe € 4121
i Vellow D 457.1
i Yellow E 5070
Veliow F 562.3
Yellowe G 623.7
Yellow H 6918 .
1 Yellow J 767.4 - :
Yellow X : 851 .
Vellow L 944,1
Vellme M ’ 1.047.1
. Note I1—I! should be noted thai the
= lones{in _any oné colnr groupjare J, ocdd 1
by l.og- T i0 cvetd ihe puxi%imy . delete

of harmonic combinations.

Note 2—In accordance with the ap-
plication principles developed by the Sisth
Session of the Communications Division,
the only codes ot present wsed interma-
lionally are selecied from the red gromwp.

Nole Je=Guidance material on the use I
of SELCAL systems is contgined in Al- . ,
lachwment D to Part I,

Note 4.--The tones Red P, Red q,
Red R, and Red S, are applicable
X after 1 September 1985, in accordance !
with 4.8.2.

4.8.2 As from 1 September 1985,
aeronautical stations which are re-
quired to communicate with SELCAL-

. equipped aircraft shall have SELCAL

X encoders in accordance with the red
group in the Table of Tome Frequencies
of 4.8.1, After 1 September 1985,
SELCAL codes using the tones RED P,

RED Q, RED R, and RED S may be assigned.

.Eif;u"_

BOEING
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85

Relevant existing text of Annex 10
Volume I as amended by Amendment No. 62
()

Action Recommended

(2)

3128 The use of classes of
cmission| }

--!J':'B and J98

following provisions of Appendix 27 Aerd:

21111 For radmteiephun: emissions the
audio frequencies will be limited 10
between 300 and 2 700 1z and the oc-
supied bandwidth of other authorized
le;-nmmaru: will nol exceed the upper

Imtl o issi

these limiis. however, no resincuon

el 3E

in their extension is im n so fay
as emissions oiker than 4aTe Con-
cermed, provided that the limiss of

unwanied emissions are met (se
Nos. 27/66B and 27/66C).

27/11B  On account of 1he possibility of
interference, & given channel
should not be used in the same
alloiment area for radivelephony
and dala ransmissions.

27712 The use of channcis derived from
the frequencies md;cated m ‘7116
for the various,
gions other thani mumm ||l

J3E

be subsect 10 Spetial arrangements
by the admipistrations concerned
and affected in order to avoid
harmful imerierence which may
rasull from the simuitaneous use
of the same channel for several
classes of emission.

Chapter 4.—LUtilization
of Frequencies above 30 MHz

4.1.—~Utiltzation

in the Band 117.975 - 136 MHz

introduction

' Radio Conferences subseguent to
1947 also made provisioms for the wse
of Hw hawd 132-136 MH: for the

{4.1 Utilization in the Band 117,975 - 137 Miz

The ITU Radio Conference (1979) made pro-

deronautical Mobile {R) Service umder
conditions which vary for the different
ITL Kegions. countrivs gr combination of
countrirs. The utilication of this band has
beert inciuded in the Allotment Table in
this Chapeer; however, it should be kept
in mind that the use of frequencies of the
band 132 - 136 MF =z must take account of
the conditions coutaited in the notes
against thiy band in the 1T Allocation
Table. X =

visions for the use of the band 136-137 MHz
by the aeronautical mobile (R) service, subject
to conditions of No. 595 of the Radio Regulations.

In the utilization of these bands, States’
attention ig drawn to the possibility of harm-

Preface

ful radioc interference from non-aeronautical
sources of radio frequency emergy and the need

to take appropriate measures to minimize its
effects.

BOEING
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Relevant existing text of Ammex 10
Volume 1 as amended by Amendment No. 62

(1)

Acetion Recommended

(2)

4.1.1,—GENERAL ALLOTMENT
or Freguexcy Baxp 117,975-136 MHz

Note~The plan mchrdr.r a geseral

4.1.1 - General allotment of Frequency

Allotment Tuble that n the com-
plote bund 117973 Iz Wthe chict
subditisions being the bmm‘.s of freqien-

cics ollacated io both national and wter-
national services, ‘and the bands allocated
to national serviecs. Observance of this
gracral subdivision  shonld keep to a
miniminm  the problem of co-ordinating
national and Mmternativnal application,

The block zllotment of the fn:qumc?
band 117.975 -[36_MHz | shall he as

137 Pﬂiz,-

‘1137 MHz _

shown in the following lable (.m' box
on page 78). .

b

In the zase of the new band 136 - 137 MHz,
International applications have not yet
been agreed, and these frequencies should
be brovzht into use on a regional basis
where sad in the mamner required.

BOEING
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87

Relevant existing text of Annex 10O
Volume I as amended by Amendment No. 62

Action Recommended

(1) (2)
Arcorwent Tasie (ue 4.1.1)
Biock ellotment
World-wide
of frequeencies Remarks
(At} ulilization

a) iB3to 1214 lnternational and National | Specific intermational allotments
inclusive Acroaautical Mobile Ser- will be determined in the light
wices of regional sgrecment. National
angnments are covered by the

provisions in 4.1.5.10.
3 1218 Emetgency frequency 1n order to provide 2 guard band
5 for the protection of the aeto-

Tmal f

2 u ¥y
the oesrest assignable l'requln:
€21 0n either side of 121.5 MHz
are 121.4 MHz and 12,6 MHz,
except that by regional sgree-
et it may be decided that the
meanest assignable frequencies
srs 131.3 MHz and 1217 MHz.
¢} 120,610 120975 | Internationat and Natlonal | Remeved for ground movement,
Inclugve, wrodiome sufeos come | pre-llight chucking, ait wmafflc L} 130.9-136.975( no change [Specific intermational

4y 1221012305
inclusive

) 123.1

N 12315 w 123.675

2 123.7 to 129.675
inclusive

&) 129.7 0 130375
inclugve

munications

etviced clearances, dhd a5

National Acromautial Mo-
bik: Service

International and National

" Aeromavtical Mobile Sers

vioes

Mational Aeronauticai Mo-

bile Serricss v

ciated operations,
1 National A 7“31 Mo- R d for nationsl aliotments.
bils Services :
Auxiliary frequency SAR

See 4.1.4.1

Remtved lor national allotments.

Specific rternational allotments
will be determined I the light
of regional agresment. National
ttdgnments are covered by the

s providons tn 4.1.5.10,

Remreed for national sllowments
but may be umd in whole or in
part, subjeci 10 regional agree-
i, to meet the requirements
mentioned in 4.1.8.1.3.

# 130910 135,975
nchigve

International and Nationa]
Atronautical Mobile Ser.
vices

Specific internationsl allotments
will be detcemnined in the light
of reglonal agreement, Nationa!
szzignments are covered by the
provisions in 4.1.5,10.

(See emark in the lazodue.
tion to Chapter 4 regasding the
band 132 = 136 MHz)

inclusive

allotmentcs will be
determined in the light
of regional agreement.
National assignments are
' |covered by the proviaions

{See yemark in the
Intyoduction to Chapter &
regarding the band
132-137 MHz.)

BOEING
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Relevant existing text of Annex 10,
Vol. I as amended by Amendment 62 Action Recommended
(1) (2)

ANNEX 10 - VOLUME I
PART II. - RADIO FREQUENCIES

Chapter 4.—Utilization
of Frequencies abave 30 MHz

B8 8L AP e S B PR L SN P AT I EEAS RO

4.1.2.4 In the band 117975 {136} " 137
MHz, the lowest assignable frequency shail
be 118 MHz and the highastMHz.
136.975

4.1.3 —-FREQUENCIES
UsEp ror PaRTICULAR FUNCTIONS

4.1.3.1 EBmergency channel.

41301 The emergency channel
(121.7 MHz) shail be used only for
genuine emergency purposes, as broadly
vutlined in the following:

8 B 49 20 08N e A
) to provide a frequency channel for 3E
use int the event of interception of aircraft,

Note 1—The vse of the frequency [21.5
MHz for the purpose owtlined "in ¢}
above is o be avoided jf it interferes in
any way with the efficient handling of
distress traffic.

Now 2.—The curremt Radio Regulgtions
make provisions that he aeronauticel
emergency frequency 121.5 MHz mav also be -
Wfdbyml! anons of the Maritime Mob '

Service, usingfAJ femission io communicate on
this frequency Jor safety purposes w 7

i 4 57 N
‘?73. 6651A4/968 and 665%965. ]

(RR593, 2990, and 2991).

BOEING
Ex. 1041, p. 73



‘ ARINC CHARACTERISTIC 716 - Page. 50

'1

H
V

Relevant existing text of Annex 10, _
Vol. I as amended by Amendment 62 Action Recommended

(1) (2)

Pr s s s dssan

4.1,3.1.4  The emergency channe} shall
be guarded continuousty during the hours of
service of the units at which it is installed.

4.1,1.1.5  The emergency channel shall
be guarded on 2 single chanmel simplex
operation hasis.

4.1.3.2 Afir-to—-air communications channel

4.1.3,2.1 Subject to regional air navigation
agreement, an air-te-air VHF communications
channel shall be designated to enable aircraft
engaged in flights over remote and oceanic
areas out of range of VHF ground stations to

\ exchange necessary operational information
X . and to facilitate the resolution of opera-
tional problems.

T AP EGP A O Dd L]
: i
Note: The assignment of the freguency to be

4.1,6, ~EQUIPMENT REQUIR EMENTS
used for the VHF air-to-air communica-

 Note !.—i-i'equ7ncy mlemrm-s’fo which sta« tions channel is intended to be

tions operating in the aer riend wohlle hapet

”‘i?}iy? .rrf_flm')'o v :-i' mL;P{i:ch’:ul;jbr)}?n are von- co=ordinated whenever necessary between
Iained in Appendix 1 1o the Radiv Regulations.

Toleranves for wranssiitters used for eeranauti- adjéc?nt regions to ez;sz:tre Fhe most

col services are not mentioned tn Annex 10, efficient and safe utilization of VHF

except in those cases wiere tighier lolerances

than thuse comtained in the Radio Regulations

are required (. the equipment specifications
« in Part | comain several such insiances).

frequencies.

137

e s st O RSSO S e

GIFIC VHF RADIO FREQUENGIES
FOR USE IN THE INTERNATIONAL
AERONAUTICAL MOBILE SERVICE

Plan of Assignable VHF Radio Frequencies
for Use in the International Aeronautical

Thit plan designaces the list of frequencies Mobile Service
avallable for assignment, together with
provizion for the use by the Interngtionsl
Aerongutical Mobile Service of all frequen-
dles with a channel spacing of 25 kHz, with
the frequencies in Group A continuing to bz
used wherever they provide ¢ sufficient
number 1o meet the opemtional require-
ments,

' The plan provides that the total number
T of frequencies required in any region would
be determined regionally: The effect of this
will be that frequencies cetignable in a
particulzr region may be restricted to a
limited number of the frequencies in the
list, the acmeal numbe being selecied ax
outlined herein,

Introduction

BOEING
Ex. 1041, p. 74



S S ¥

—

' 90

ARINC CHARACTERISTIC 716 - Page 51

Relevant exiscing text of Annex 10
Volume I as amended by Amendment No, 62
{1}

Action Recommended

(2)

* & 8 3 * s & » a

Group B of the list ot 4.1.8.1.2 containg
the frequencies in the band 117,975 = 132
MEz ending in 50 kifz, Togcther with the
frequencies In Group A, they provide for
frequency planning based on 3@ kHz chan-
nel spacing. In Group C ore listed the

frequency ciannels in the band 132 -{134
MHz based upon 50 K&z chiannel spacing
Group D comagins the frequency channels in .
the band 132 -[:z.m!z encfing in 25 kHz,

and Group E similuriy lists the frequency
channels in the band [I7.975 - 132 MHz.
The utilization of the channeis in Groups 8,
C, Dand £ is explained below.

Whenever the number of [requencies
required in e particular region exceeds the
ntmber in- Group A, frequencies may bde
selected from the other Groups taking into
aqecount the provisions of 4.7.8.1 with

" pespeet to the use of channels based on 25

|

137

kEfz channel spacing and., with regard o th
band 132 —- Mifz, the provisions of the
Radio  Reguiguons  (sec  Inwroduction to
44, Although for Groups B, €. D and E a
preferred order of selcction is not indicated,
regional planning may require 2 particular
selection of frequencies from these Groupy
in order 10 carer for specific regional cir-
cumstances. This may apply perticularly to
the utilization of frequencies from the land
132 - - MHz for reasons of avatlable

afrborne cquipment andfor availability of
particular frequency channels for the Aeros
nautical Mobile (R} Service. It may alsg be
found that, in @ particular region, it is
desirable to miect frequencies.from Group 8
first, before selecting frequencies from
Groups C, D or E.

In many regions particuler frequencies
have aiready been assigned for particular
functions as, for instance, aerodrome or
approach control, The plan does not make
wch assignments (except in respect to the
emergency channel and yround service fres
quencies), such action being laken region.
ally if considered desirable.

4.1.8.1 The (requencies in the
band 117.975 MMz to 136 MHz for use in
the International  Acronaytical Mobile
Service shall be selected from the list in
4.1.8.1.2.

bl

Note.-Fraquencies between 136 and 136.975

F: 5

MHz are not available for internmatiomal .
use before 1990. :

BOEING
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gl
Relevant existing text of Annex 10 Action Recommended
Volume I as amended by Amendment No. 62
(1) (2)
GROUP D (Continued)
GROUP D
FPrequency  Frequency  Frequency 136.000 136,325 136.650
(ats) ] Mz 136.025 136.350 136.675
132,025 133.375 134.725 136.050 136.375 136.700
1515 oes s 136.075 136.400 136,725
132175 133525 134875 136.100 136.425 136.750
132.225 133575 134928 136.12% 136.450 136.775
g:;;.; ggg.: 134,975 136.150 136.475 136,800
‘ 2 135.025 136,175 136.500 136.825
e e o 136.200 136.525 136.850
132,475 133.825 135.175 136.225 136.550 136.875
132,525 132.875 135.225 136.250 136,575 136.900
:gi—;;i :ggg_?g i:g;;: 136.275 136.600 136.925
e surs b 136.300 136.625 136.950
132.725 134.075 135.425 136.975
132,775 134,125 135,475
132,825 134,175 ;
132.875 134,225 :gi::gg Note.-Frequencies between 136 and 136.975
132928 134.275 135,625 MHz are not available for intermational
132975 134,325 135.675 use before 1990,
133.025 134,375 135,725 '
133.075 134.425 135.775
133.125 134.475 125,825
133.175 124525 115,875
133,225 134,575 135.925
133.275 134.625 135975
133,325 134.675
X
GROUP E
Frequency  Frequency  Frequency
(MHz) (MHz) M)
118025 118575 119,125
118.075 118,625 119.1%5
118,125 118,675 119.225
118,175 118.725 119.275
113,225 118.77§ 119,325
118.275 118,825 119.375
118328 118,878 119,425
118,375 118.925 119.475
118.425 118,975 119,525
118.475 119.025 119,575
118.525 119,075 119.625

BOEING
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APPENDIX 2
BIBLIOGRAPHY

The following is a list of AEEC Letters associated with the preparation of ARINC Characteristic 716.

AEEC Letter No.

78-041/VHFC-1¢
78-089/VHFC-11

78-107/VHFC-12

78-157/VHFC-13

79-001/VHFC-14
79-008/VHFC-15

80-015/VHFC-16

80-040/VHFC-17

80-083/VHFC-18

81-048/VHFC-19
81-065/VHEC-20

'82-028/VHFC-21

Date
April 3, 1978
August 8, 1978

August 29, 1978

November 16, 1978

January 2, 1979
January 23, 1979

Januvary 18, 1980

March 18, 1980

July 2, 1980

June 8, 1981
July 17, 1981

May 3, 1982

Subject

Circulation of Collins Strawman Spec for a new VHF
Com Transceiver

Circulation of Draft 1 of Project FPaper 716 VHR
Communications Transceiver

Circulation of Letters from Douglas Aircraft and
Dorne & Margolin, Inc., concerning VHF COMM
Project Paper Draft

Circulation of Comments on Draft 1 of VHF COMM
Project Paper 716

VHF COMM Transceiver Audio Qutput Phase Shift

Adoption of Draft 1 of Project Paper 716, "VHF
Communications Transceiver”

Circulation of Draft 1 of Supplement 2 to ARINC
Characteristic 716 "Airborne VHF Communications
Receiver”

Circulation of Draft 2 to ARINC Characteristic 716
"Airborne VHF Communications Receiver”

Adoption of Draft 2 of Supplement 2 to ARINC
Characteristic 716, "Airborne VHF Communications
Receiver

Circulation of Draft 1 of Supplement 3 to ARINC 716

Circulation of Draft 1 of Supplement 4 to ARINC
Characteristic 716, "Airborne VHF Communications
Receiver”

Circulation of Draft 1 of Supplement 5 to ARINC
Characteristic 5664, "“Mark 3 VHF Communications
Transceiver”
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REVISED: December 20, 1995

APPENDIX 3
FREQUENCY-CHANNEL PAIRING PLAN
Frequency Channe! Spacing Channel Labels ARINC 429
(MHz) (kHz) Name Transmitted Word Content
118.0000 25 118.000 030 18.000
118.0000 8.33 118.005 047 18.000
118.0083 8.33 118.010 047 18.008
118.0166 8.33 118.015 047 18.017
118.0250 25 118.020 030 18.025
118.0250 8.33 118.030 - 047 18.025
118.0333 8.33 118.035 047 18.033
118.0416 8.33 118.04G 047 18.042
118.0500 25 118.050 030 18.050
118.0500 8.33 118.055 047 18.050
118.0583 8.33 118.060 047 18.058
118.0666 8.33 118.065 047 18.067
118.0750 25 118.070 030 18,075
118.0750 8.33 118.080 047 18,075
118.0833 8.33 118.085 047 18.083
118.0916 8.33 118.090 047 18.092
118.1000 25 118.100 030 18.100
e.t.c

NOTE: This table is provided for the readet’s convenience. ICAO Annex 10 to the convention on International Civil
Aviation "International Standards and Recommended Practices, Aeronautical Telecommunications” has

precedence.
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SUPPLEMENT ] TO ARINC CHARACTERISTIC 716 - Page 2 -

PURPQSE OF THIS SUPPLEMENT

This Supplement modifies Characteristic 716 material on the subjects of remote squelch, master ofi-on control
and integral lighting power. Additionally, typographical errors are cofrected and minor editorial changes are
made to improve clarity.

ORGANIZATION OF THIS SUPPLEMENT

The first part of this document, printed on buff-colored paper, contains descriptions of the changes introduced
into the Characteristic by this Supplement, and, where appropriate, extracts from the original text for
comparison purposes. The second part consists-of replacement white pages for the Characteristic, modified to
reflect these changes. The modified and added material on each replacement page is identified with "¢-1"
symbols in the margins. Existing copies of Characteristic 716 may be updated by simply inserting the
replacement white pages where necessary and destroying the pages they replace. The bufi-colored pages should
be inserted inside the rear cover of the Characteristic.

Copies of the Characteristic bearing the number 716-1 already contain this Supplement and thus do not require
revision by the reader, .

CHANGES TO CHARACTERISTIC 716 INTRODUCED BY THIS SUPPLEMENT

This section presents a complete tabulation of the changes and additions to the Characteristic introduced by this
Supplement. Each change or addition is identified by tﬁe section number and title that will be employed when
the Supplement is eventually incorporated. In each case there is included a brief description of the addition or
change and, for other than very minor revisions, any text originally contained in the Characteristic is reproduced

I

for reference,

TABLE OF CONTENTS

Typographical error corrected.

2,2.1 TRANSCEIVER UNIT

The word "mass" changed to "weight".

Text revised in third paragraph to redefine provision for protective cover.

ORIGINAL TEXT FOLLOWS

2,2.1 Transceiver Unit

The Transceiver should comply with the dimensional
standards in ARINC Specification 600, "Air Transport
Avionics Equipment Interfaces (NIC Phase 1)", for the 3
MCU form factor. The Transceiver should also comply
with ARINC 600 standards in respect of mass, racking
attachments, front and rear projections and cooling.

The Transceiver should be provided with a low insertion
force, size 1 shell ARINC 600 service connector. This
connection, which should accemodate service intercon-
nections in its middle insert (MP}), automatic test
equipment jnterconnections in its top insert (TP) and
coaxial and power interconnections in its bottom insert
(BP), should be located on the center grid of the
receiver's rear panel. Index pin code 04 should be used.

The ATE interconnection insert (TP) will not be
included in the mating half of the connector instailed in
the aircraft since ATE interconnections are employed in
the bench testing of the receiver only. The aperture for
this insert in the aircraft-mounted connector hali
should be provided with a protective cover to prevent
contamination of the contacts in the equipment half
during the time the receiver is installed in the aircraft,
Further guidance on the ATE interface will be found in

. Chapter 5 of this document.
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SUPPLEMENT 1 TO ARINC CHARACTERISTIC 716 - Page 3

3,2 FREQUENCY SELECTION

Typographical error corrected and reference to data output deijeted.
Text added to describe continued operation of receiver with a failure of the tuning source.
3.6.5.4 DISTORTION

Cutput signal level changed from 200 milliwatts to 50 milliwatts.

ORIGINAL TEX‘I_' FQLLOWS
3.6.5.5 Distortion

With an input signal of 1000 microvelts modulated with

1000 Hz and the receiver gain adjusted to ptoduce 200

milliwatts into a 800 ohm resistive load, the total |
harmonic distortion should not exceed 7.5% with 30%

modulation or 20% with 90% modulation {with the gain

control reset to maintain the output at 50 milliwatts),

including any effects of the noise limiter.

3.,6.5.6 Short Circuit Protection

New section added.

3.6.7.1 AGC VERSUS PLUS INTERFERENCE

Typographical error corrected in title.
3.7.1 POWER QUTPUT
Power of 25 watts nominal changed to cover a range of 25 to 40 watts.

QRIGINAL TEXT FOLLOWS
3.7.1 Power Output

When operated at rated input power, the Transceiver

carrier power output measured into a 52 ohm resistive

load at the end of a 5 {t. transmission line should be 25

Watts (nominal) on any operating frequency, The

transmitter should be capable of continuous operation .

with ARINC 600 cooling air. The transmitier should be |
designed to operate with a 52 ohm transmission line

terminated in its characteristic impedance., The rf

power output should be within the range of 25 to 40

watts.

3.7.7 KEY LINE
Voice/Data Select pin MPB8 changed to MPC7.
3.7.8.2 LEVEL CONTROL

Paragraph reference changed from 3,5.8.1 to 3.7.8.1.

ATTACHMENT 2 - STANDARD INTERWIRING

Pin assignments changed for control pane} connector.
Pins MPA3, MPB3 and MPC3 change to "Optional" status for remote squelch.
Pin MPDS$ assigned to "Data Keyline Return".
In Note 1: pin MPCI change to MPAS
pin MPC2 changed to MPB9
pin MPC3 changed to MPC?9
In Note 4: reference to On/Off control deleted.

- In Note 5: pin MPDI changed to MPBI.
BOEING
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SUPPLEMENT | TO ARINC CHARACTERISTIC 716 - Page 4

ATTACHMENT 6 - STANDARD "FOUR-WIRE" MICROPHONE INTERFACE

Interface revised.

ATTACHMENT 7 - CONTROL PANEL GUIDELINES

Standard connector used,

Master off/on control deleted,

Integral control panel lighting power changed from 26 volts t0 5 VAC.

ORIGINAL TEXT FOLLOWS

1.3 Connector Ty pes

The "Standard Control Panel” should utilize two Cannon
type DC 37P connectors (or equivalent) positioned on
the vertical center line of the unit. The connector
mounting panel should be #.000 inches from the rear
face of the fron panes as shown in Attachment 8.

1.5 Master Qff-On Control

Some customers will desire a master off-on switch for
controlling primary power to the VHF transceiver. This
should consist of a single pair of contacts, arranged
either as a separate switch or ganged with the audio
volume control, as the customer may choose, to
energize the airframe-mounted switching function
described in Section 2.4.2 of this Characteristic.

1.6 Integral Lighting

Integral control panel lighting should be provided
utilizing 26 VAC power, of 26 VDC power if special
circumstances should dictate a customner's choice of this
power, The conirol panel lighting circuit should be
" isolated from ground and other circuitry within the
contro! panel. The control of these lights will be
dictated by the user's requirements and the controlling
power circuits will be external, in most cases, from the
radio control panel. Tha lighting should properly
illuminate the control marking and the positions of ail
controls, Provisions should be made for either red or
white lighting at the user's option. The airline
customers prefer internmal lighting of the frequency
selector drums or discs instead of surface lighting.

BOEING
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ORIGINAL SCHEMATIC

ATTACHMENT 6

STANDARD "FOUR-WIRE"

MICROPHONE INTERFACE
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NOTE: A diode is used in series with keying relay to prevent sneak current from the data
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SUPPLEMENT 2 TO ARINC CHARACTERISTIC 716 - Page 2

A. PURPOSE QF THIS SUPPLEMENT

This Supplement introduces a change to frequency
response, a modification to the key event, an
increase in control panel depth, a revision of the
tour-wire microphone schematic and change of
the audio output levels.

B. ORGANIZATION OF THIS SUPPLEMENT

The first part of this decumnent, printed on buff-

colored paper, contains descriptions of the,

changes introduced into the Characteristic by this
Supplement, and, where appropriate, extracis

from the original text for comparison purposes.

The second part consists of replacement white
-pages for the Characteristic, modified to reflect
these changes. The modified and added material
on each replacement page is identified with "¢.2v
symbols in the margins.  Existing coples of
Characteristic 716 may be updated by simply
inserting the replacement white pages where
necessary and destroying the pages they replace.
The buff-colored pages should be inserted inside
the rear cover of the Characteristic,

Copies of the Characteristic bearing the number
716-2 already contain this Supplement and thus do
not require revisions by the reader.

C. CHANGES TO CHARACTERISTIC 716 INTRO-
DUCED BY THIS SUPPLEMENT

This section presents a complete tabulation of the
changes and additions te the Characteristic intro-
duced by this Supplement. Each change or
addition is entitled by the section number and
title currentiy employed in the Characteristic, or
by the section number and title that will be
employed when the Supplement is eventually
incorporated. In each case there is included a
brief description of the addition or change and,
for other than very minor revisions, any text
originally contained in the Characteristic is repro-
duced for reference.

3.4 TRANSMITTER FREQUENCY OFFSET

Text modified,

ORIGINAL TEXT FOLLOWS:

[ 3.4 Transmitter Frequency Qffset

The transceiver should be capable of double-channel
operation, i.e., transmitting on a frequency higher by
some whole number of megahertz than that on which it
is receiving. Sufficient flexibility should be provided to
permit the same or a different value for this oifset to
be selected for each whole megahertz of receiving
frequency.

grounding of the "Transmitter Frequency Offsei" wire,

‘Double-channel operation should be effected by the
either at the control panel or elsewhere,

items incorporated into this Characteristic, AEEC

3,4 Transmitter Frequency QOffset {(cont'd)

COMMENTARY A

The amount of separation of transmit and receive
frequencies that might be employed in communi-
cations systems of the future has not yet been
determined., It is assumed that once they are
established, however, offset values will be subject
to ne more than very infrequent change. It is
anticipated, therefore, that ofiset selection for
each receive frequency will be made within the
transceiver by reference to a hard-wired program.

3.6.5 AUDIO QUTPUT
Text changed to incorporate RTCA 5C-132 values.
ARINC STAFF NOTE deleted.

ORIGINAL TEXT FOLLOWS:

3.6.5 Audio Quiput

An output isolated from ground having a source
impedance of 50 ohm or less shall be provided for voice
communication output. A service control should be
provided within the transceiver for adjustment of the
output level. The adjustment should vary the output
from 5mW to 50mW.

ARINC STAFF NOTE: During the discussion of the

called for the audio output standards specified herein to
be in consonance with the audio system minimum
operational standards being developed by RTCA Special
Committee 132. This RTCA work was not complete as
of the publication date of this document. Accordingly,
manufacturers and users should expect a Supplement to
this Characteristic at some time in the future to amend
the numbers specified in the sub-parts of this Section.

3.6.5.1 GAIN

Audio output referénce changed for 50mW to
40mw,

ORIGINAL TEXT FOLLOWS:

3.6.5.1 Gain

The receiver gain should be such that a 2 microvolt
signal modulated 30% at 1000 Hz will produce at least
50 mW of output into a 600 + 20% ohm resistive load.

3.6.5.3 FREQUENCY RESPONSE

Qutput level variation limit modified.

ORIGINAL TEXT FOLLOWS:

3.6.3.3 Freguency Response

The audio power output level should not vary more than
2 dB over the frequency range 300 Hz to 2500 Hz with
respect to a reference level of up to 10 miliiwatts
estabiished at 1000 Hz with a constant input carrier
level moduiated 30%. A sharp cut-off in response below
300 Hz and above 2500 Hz is desirable. Frequencies
above 3730 Hz should be attenuated at least 20 dB and
preferably 40 dB, -
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SUPPLEMENT 2 TO ARINC CHARACTERISTIC 716 - Page 3

3.6.5.4 DISTORTION

Audio output reference changed from 50mW to
40mw.

ORIGINAL TEXT FOLLOWS:
™ 1.6.5.4 Distortion

With an input signal of 1000 microvolts modulated with
1000 Hz and the recelver gain adjusted to produce 50
milliwatts into a 600 ohm resistive load, the total
harmonic distortion should not exceed 7.5% with 30%
modulation or 20% with 90% modulation {with the gain
control reset to maintain the output at 50 milliwatts),

L. including any effects of the noise limiter.

3.6.5.5 VOICE PHASE SHIFT UNIT

Audio output reference changed from 50mW to
40V,

ORIGINAL TEXT FOLLOWS:

3.6.5.5 Voice Phase Shift Limit

With 1000 uV modulated with 1000 Hz and the output
level adjusted for 50 mW into a 600 chm resistive load,
the audio output phase should not depart from that of
the positive going modulation envelope at the receiver
input by more than -30 degrees or +120 degrees,

COMMENTARY

The phase shift limits of the audio output are
different from those of data/SELCAL output due
to the number of stages required for the

i processing of each signal type.

3.7.3 SIDETONE

Audio output reference changed from 50mW to
40mW.

A nominal seiting of 10mW inserted.

ORIGINAL TEXT FOLLOWS:

3.7.3 Sidetone

The sidetone output (shared with the audio output)
should have a source impedance of less than 50 ohms,
and should provide an output level of 50 mW into a 600
+20% ohm resistive load when the transmitter is
amplitude modulated 90% at 1000 Hz. A service
adjustment independent of the receiver audio output
service adjustment shall be provided to adjust the
output level, The adjustment shall provide for a
variation from 5 mW to 50 mW. The RF power required
to operate the sidetone should be obtained from a
source as close as practical to the transmitter power
| output connection,

3.7.7 KEYLINE
Typographical error omitting a line corrected.

ORIGINAL TEXT FOLLOWS:

3.7.7 Key Line

The transmitter PTT keyline (MPC1} should be enabled.

only when the transceiver is in the Voice mode, i.e.,

VoicefData Select pin MPC7 is open circuit (50K ohms

or greater). The transmitter data Kkeyline (MPD7)

should be enabled only when in the Data mode, i.e.,
Voice)/Data Select pin MPC7 is externally grounded

{+ 3V). -

The transmitter should be keyed (key down) when a
resistance of 60 ohms or less to ground or a positive
voltage of between 0 and 3 VDC from an external
source is applied to the key line PTT pin MPC1 (in Voice
mode), or to the data key line pin MPD7 (in Data mode).

The transmitter should not be keyed (key up) when 50K
te 31 VDC from an external source is applied to the key
line PTT pin MPC! and data key line pin MPD7.

The transmitter should not be damaged by inadvertent
application of up to -35 VDC from an external source to
the key line.

5.4 USE OF ATLAS LANGUAGE

Reference changed to ARINC Specification 616.
ORIGINAL TEXT FOLLOWS:

5.4 Use of ATLAS Language

Equipment of manufacturers should note that the
airlines desire to have VHF Transceiver test procedures
intended for execution by automatic test equipment
written in the ATLAS Language described in IEEE

- Standard 416-1976.

ATTACHMENT 2 - STANDARD INTERWIRING

Pin MPC3 assigned to "Frequency Offset Enable",
"Not Assigned" spares assigned.
Note {7) added.

ATTACHMENT 6 - STANDARD "FOUR-WIRE" MICRO-
PHONE INTERFACE

Diode arrangement changed for flight recorder
discrete {key event),

"WOICE/DATA SELECT" connection shown.
Ground connection added.
Note on single-ended input added.

ACARS interface added.
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SUPPLEMENT-2 TO ARINC CHARACTERISTIC 716 - Page &

ATTACHMENT 7 - CONTROL PANEL GUIDELINES

1.3 CONNECTOR TYPES

Panel depth increased to five inches.

ORIGINAL TEXT FOLLOWS:

1.3 Connector Types

The "Standard Contro! Panel" should utilize a MIL-C-
83723, Series 3-type connector (M83723-72R1624N)
positioned at the center of the unit, The connector
mounting panel should be 4.000 inches from the rear
| face of the front panel as shown in Figure 1.
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B.

C.

PURPOSE OF THIS SUPPLEMENT

This Supptement introduces a new pin assignment
of an air/ground discrete.

ORGANIZATION OF THIS SUPPLEMENT

The first part of this document, printed on
bufi-colored paper, contains descriptions of the
changes introduced into the Characteristic by this
Supplement, and, where appropriate, extracts
from the original text for comparison purposes.
The second part consists of replacement white
pages for the Characteristic, modified to reflect
these changes. The modified and added material
on each replacement page is identified with "¢-3"
symbols in the margins. Existing coples of
Characteristic 716 may be updated by simply
inserting the replacement white pages where
necessary and destroying the pages they replace.
The buff-colored pages should be inserted inside
the rear cover of the Characteristic.

Copies of the Characteristic bearing the number
716-3 already contain this Supplement and thus do
not require revisions by the reader.

CHANGES TO CHARACTERISTIC 716 INTRO-
DUCED BY THIS SUPPLEMENT

This section presents a complete tabulation of the
changes and additions to the Characteristic intro-~
duced by this Supplement. Each change or
addition is entitled by the section number and
title currently employed in the Characteristic, or
by the section number and title that will be
employed when the Supplement Is eventually
incorporated. In each case there is included a
brief description of the addition or change and,
for other than very minor revisions, any text
originally contained in the Characteristic is re-
produced for reference.

ATTACHMENT 2 - STANDARD INTERWIRING

Pin MPBl4 changed from "Future Spare
{Contact)" to "Ground/Air Discrete".

Note added.

SUBPLEMENT 3 TO ARINC CHARACTERISTIC 716 - Page 2
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SUPPLEMENT 4 TO ARINC CHARACTERISTIC 716 - Page 2

A. PURPOSE OF THIS SUPPLEMENT

This Supplement introduces pin assignments for
microphone grounding provisions and revised
cooling,

B. ORGANIZATION OF THIS SUPPLEMENT

The first part of this docurnent, printed on buif-
colored paper, contains descriptions of the
changes introduced into the Characteristic by this
Supplement, and, where appropriate, extracts
irom the original text for comparison purposes.
The second part consists of replacement white
pages for the Characteristic, modified to reflect
these changes. The modified and added material
on each replacement page is identiiled with "¢-4"
symbols in the margins, Existing copies of
Characteristic 716 may be updated by simply
inserting the replacement white pages where
necessary and destroying the pages they replace.
The buff-colored pages should be inserted inside
the rear cover of the Characteristic,

Copies of the Characteristic bearing the number
716-4 already contain this Supplement and thus do
not require revisions by the reader.

C. CHANGES \TO CHARACTERISTIC 716 INTRO-
‘DUCED BY THIS SUPPLEMENT

This section presents a complete tabulation of .

changes and additions to the Characterlistic intro-
duced by this Supplement. Each change or
addition is entitled by the section number and
title currently employed in the Characteristic, or
by the section number and title that will be
employed when the Supplement s eventually
incorporated. In each case there is included a
brief description of the addition or change and,
for other than very minor revisions, any text
originally contained in the Characteristic is
reproduced for reference.

2.6 Cooling
Maximum power dissipation and coeling reduced.

ORIGINAL TEXT FOLLOWS:

2.6 Cooling

The VHF Transceiver should be designed to accept, and
airframe manufacturers should configure the instal-
lation to provide forced air cooling as defined in ARINC
Specification 600. The standard installation should
provide an air flow rate of 33.0 Kg/hr of 40°C air and
the unit should not dissipate more than 150 watts of
energy during continuous transmission. The coolant air
pressure drop through the equipment should be 5 + 3
mm at standard conditions of 013,25 mbars. This
pressure drop does not include the drop through a
returning orifice when such orifice is located external
to the equipment case.

2.6 Cooling {cont'd) f
COMMENTARY

Equipment failures in aircraft due to inadequate
thermal management have plagued the airlines for
Flany Yyears. In Section 3.5 of ARINC
Specification 600 they have written down every-
thing they believe airframe and equipment
suppliers need to know to prevent such problems
in the future. They regard this material as
“required reading" for all potential suppliers of
VHF Transceivers and aircraft Installations.

ATTACHMENT 2 - STANDARD INTERWIRING

Pin MPB2 assigned to "Mike Input (Gnd)."
Pin MPB4 assigned to "Audio Greund."”

Note added to describe use of pins MPBZ and
MPB4.

ATTACHMENT 6 - STANDARD "FOUR~WIRE" MICRO-
PHONE INTERFACE

Pins MPB2 and MPB4 added.

Ground removed from pin MPBL.
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SUPPLEMENT & TO ARINC CHARACTERISTIC 716 - Page 3

ATTACHMENT 6

STANDARD "FOUR-WIRE"

MICROPHONE INTERFACE
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Freg/Data Port B B? |—- * ACARS Interface

NOTES:

{when Used)

1. A diode is used in series with keying relay to prevent sneak current from the data
link (also required in the data link).

2. A single-ended audio input may be used provided that the input impedance between
pins MPA! and MPB1 is 150 /L.

NEXT PAGE INTENTIONALLY LEFT BLANK
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A,

AMENDMENT TO SUPPLEMENT # TO ARINC CHARACTERISTIC 716 ~Page 2

PURPOSE QF THIS SUPPLEMENT

This  Supplement re-introduces into  the
Characteristic material originally incorporated by
Supplement No. 3 that was inadvertently omitted
from the replacement white pages furnished with
Supplement No. 4.

QRGANIZATION OF THIS SUPPLEMENT

The first part of this document, printed on buff-

colored paper, contains descriptions of the

changes introduced into the Characteristic by this
Supplement, and, where appropriate, extracts
from the original text for comparison purposes.
The second part consists of replacement white
pages for the Characteristic, medified to reflect
these changes. The medified and added material
on each replacement page is identified with "¢-4n
symbels in the margins.  Existing copies of
Characteristic 716 may be updated by simply
inserting the replacement white pages where
necessary and destroying the pages they replace.
The bufi-colored pages should be inserted inside
the rear cover of the Characteristic.

Copies of the Characteristic bearing the number
716-& already contain this Supplement and thus do
not require revisions by the reader.

CHANGES TO CHARACTERISTIC 716 INTRO-

DUCED BY THIS SUPPLEMENT

This section presents a complete tabulation of the
changes and additions to the Characteristic intro-
duced by this Supplement. Each change or
addition is entitled by the section number and
title currently employed in the Characteristic, or
by the section number and title that will he
employed when the Supplement is eventually
incorporated. In each case there is included a
brief description of the addition or change and,
for other than very minor revisions, any text
originally contained in the Characteristic is
reproduced for reference. ’

ATTACHMENT 2 - STANDARD INTERWIRING

Note (2) of Supplement 3 added.
Note of Supplement 4 changed to Note @

Assigment of pin MPBL4 to "Ground/Air Discrete"
added (from Supplement 3).
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3.1

SUPPLEMENT 5 TO ARINC CHARACTERISTIC 716 -Page 2

PURPOSE OF THIS SUPPLEMENT

This Supplement reserves pins on the YHF
Communications Control Panel to control tests of
static displays and transfer light annunciation, In

addition, the frequency coverage has been

changed to 118.000 to 137,000 MHz,
ORGANIZATION OF THIS SUPPLEMENT

The first part of this document, printed on buff-
colored paper, contains descriptions of the
changes introduced into the Characteristic by this
Supplement, and, where appropriate, extracts
from the original text for comparisen purposes.
The second part consists of replacemnent white
pages for the Characteristic, modified to reflect
these changes. The modified and added material
an each replacement page is identified with e 51
symbols in the margins. Existing copies of
Characteristic 716 may be updated by simply
inserting the replacement white pages where
necessary and destroying the pages they replace.
The bufi-colored pages should be inserted inside
the rear cover of the Characteristic,

Copies of the Characteristic bearing the number

716-5 already contain this Supplement and thus do
not require revisions by the reader,

CHANGES TO CHARACTERISTIC 71§ INTRO-
DUCED BY THIS SUPPLEMENT

This section presents a complete tabulation of the

changes and additions to the Characteristic intro-
duced by this Supplement, Each change or
addition is entitled by the section number and
title currently employed in the Characteristic, or
by the section number and title that will be
employed when the Supplement is eventuaily
incorporated. In each case there is included a
brief description of the addition or change and,
for other than very minor tevisions, any text
originally contained in the Characteristic is
reproduced for reference.

Frequency Range and Channefing

- Revise to increase coverage to 137.000 MHz,

delete reference to potential use of 137-138 MHz,
and revise Commentary,

ORIGINAL TEXT FOLLOWS:

r 3.l Freguency Range and Channeling

The transceiver should operate on a total of 720
channels spaced 25 KHz apart in the band 118.000 to
135.975 MHz. Channel changing time should not exceed
60 milliseconds.

The transceiver should also be capable of operating in
the band 136 to 138 MHz when needed.

COMMENTARY

The capability for easy adaptation of the
transceiver to operate in the band 136 to 138 MHz
Is desired as insurance for the future. Current
U.S. aviation community thinking is that
increased  spectrum may be needed to
accommodate future air-ground communications
needs.

Attachment 2 - Standard Interwiring

" Revise assignment of pins.

Pin Old Assignment New Assigniment

20 Spare Reserved - Transfer light
annunciation -28 V.
dimmable

23 Spare Reserved - Test transfer
light and static displays

3 Spare Reserved
4 Spare Reserved

Attachment 2 Notes Applicable to the Standard

Interwiring

Add Note 10 on use of control panel pins reserved
for transfer light annunciation and lamp tests.

Add Note 11 to reserve control panet pins 3 and &
w0 protect against possible future
non-interchangeability problems resulting from
their reported non-coordinated use in some
aircraft.
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B.

AMENDMENT TO SUPPLEMENT 5 TO ARINC CHARACTERISTIC 716 -Page 2

PURPOSE OF THIS SUPPLEMENT

This Amendment corrects the erroneous
duplication of assignments for control panel pins 3
and & in Supplement S. These pins were correctly
assigned "Reserved" status in Supplement 5 but
their previous assignments as "Suggested Spares"
were not deleted.

ORGANIZATION OF THIS SUPPLEMENT

The first part of this document, printed on buff-
colored paper, contains descriptions of the
changes introduced into the Characteristic by this
Supplement, and, where appropriate, extracts
from the original text for comparison purposes.
The second part consists of replacernent white
pages for the Characteristic, modified to reflect
these changes. The modified and added material
on each replacement page s identified with "g¢-5"
symbols in the margins.  Existing copies of
Characteristic 716 may be updated by simply
inserting the replacement white pages where
necessary and destroying the pages they replace.
The buff-colored pages should be inserted inside
the rear cover of the Characteristic,

CHANGES TO CHARACTERISTIC 716 INTRO-
DUCED BY THIS SUPPLEMENT

This section presents a complete tabulation of the
changes and additions to the Characteristic intro-
duced by this Supplement. Each change or
addition is entitled by the section number and
title currently employed in the Characteristic, or
by the section number and title that will. be
employed when the Supplement is eventually
incorporated. In each case there is included a
brief description of the addition or change and,
for other than very minor revisions, any text
originally contained in the Characteristic is
reproduced for reference.

Attachment 2 - Standard lnterwiﬁgg

Delete references to assignment of control panel
pins 3 and 4 as "Suggested Spares", Pins are now
assigned "Reserved" status.
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SUPPLEMENT 6 TO ARINC CHARACTERISTIC 716 - Page 2

A. PURPOSE OF THIS SUPPLEMENT

This Supplement introduces a detailed description
of Built-In Test Equipment (BITE) and text
addressing recognition of the SPI bits on ARINC
429 inputs. It also revises the desensitization and
interference rejection characteristics of the VHF
Communications  receiver, and adds an
attachment with "Assumed Test Procedures",
providing guidelines for the bench testing ¢f those
parameters. In addition, It revises portions of the
audio output characteristics to bring them in line
with RTCA Document DO-170, Audic System
Characteristics and Minimum  Performance
Standards and revises the standard- "four-wire"
microphone  interface to incorporate the
provisions for Single Point Audio System Earth
(SPASE) concept. It also revises the status of the
SDI bits from "reserved” to "standard",

B. ORGANIZATION OF THIS SUPPLEMENT

The first part of this document, printed on buff-
colored paper, contains descriptions of the
changes introduced into the Characteristic by this
Supplement, and, where appropriate, extracts
from the original text for comparison purposes.
The second part consists of replacement white
pages for the Characteristic, modified to reflect
these changes. The meodified and added material
on each replacement page is identified with "¢-6"
symbols in the margins. Existing copies of
Characteristic 716 may be updated by simply
inserting the replacement white pages where
necessary and destroying the pages they replace.
The buff-colored pages should be Inserted inside
the rear cover of the Characteristic.

Copies of the Characteristic bearing the number
716-6 already contain this Supplement and thus do
not require revisions by the reader.

C. CHANGES TO CHARACTERISTIC 716 INTRO-
DUCED BY THIS SUPPLEMENT

This section presents a complete tabulation of the
changes and additions to the Characteristic Intro-
duced by this Supplement. Each change or
addition is entitled by the section number and
title currently employed in the Characteristic, or
by the section number and title that will be
employed when the Supplement is eventually
incorporated. In each case there is included a
brief description of the addition or change and,
for other than very minor revisions, any text
originally contained in the Characteristic is
reproduced for reference.

3.2 FREQUENCY SELECTION

Description of SDI code added.

ORIGINAL TEXT FOLLOWS:

3.2 Frequency Selection

The transceiver should be designed to utilize the serial
digital frequency/function selection system described in
ARINC Specification 720. Two serial digital data input
ports should be provided, one labeled "Freq./Funct,
Select Data Input Port A" and the other "Freq./Funct,
Select Data Input Port B". {(See Attachment Z to this

3.2 Frequency Selection (cont'd)

ORIGINAL TEXT FOLLOWS:

document for the connector pin assignments.) The
receiver should determine which of these ports should
be open to adrnit data by reference to the binary state
of the tuning data source selection discrete, It should
respond to data delivered to the "A"M port and ignore
data delivered to the "B" port when the source selection
discrete is in the "ground" state. It should respond to
data delivered to the "B" part and ignore data delivered
to the "A' pori when the discrete is in the "open
circuit" state, The "ground" state of the discrete is
defined as a voltage between 0 and +3.5 VDC at the
connector pin assigned to the discrete in Attachment 2.
The maximum current flow in the discrete wire In this
condition should not exceed 20 mA. The "open circuit"
state is defined as a voltage greater than +18.5 VDC
(+30 VDC maximum) at this pin or a resistance to DC
ground from this pin of greater than 500,000 ohms.

When the transceiver is installed in an aircraft in which
a dedicated control panel supplies tuning information,
the data bus from that panel should be connected to the
"B" port on the receiver. The "A" port and the source
selection discrete are unused. When the recelver Is
installed in an aircraft in which a centralized radic
management system is employed, its normal contrel
source should be connected to the "A" port, its back-up
source to the "B" port and the source selection discrete
wired in the manner described In the radic management
specification. .

ARINC Specification 429, "Mark 33 Digital Information
Transier System {DITS)", defines the format of the
serial digital tuning signal delivered to the transceiver
and the word repetition rate {5 per second rminimum).
Should this rate fall below 5 per second (wérd removal
from the bus signifies tuning information source
failure), the word sign/status matrix indicates an
invalid condition, or the word parity fail to be odd, the
transceiver should remain tuned to and operate on the
last valid frequency received.

3.6.5 Audio Output

Section revised to conform with RTCA DO-170,
Audio System Characteristics and Minimum
Performance Standards. Paragraphs renumbered.

ORIGINAL TEXT FOLLOWS:

3.6.5 Audio Qutput

An output isolated from ground having a source
irpedance of 20 ohms or less should be provided for
voice communication output. A service control should
be provided within the transceiver for adjustment of
the output jevel. The adjustment should vary the
output from 5mW to 40mW. The nominal setting should
be 10mW at 1000 Hz.

3.6.5.1 Gain

The receiver gain should be such that a 2 microvelt
signal modulated 30% at 1000 Hz will produce at least
40 mW of output into a 600 + 20% ohm resistive load.
3.6.5.2 Hum Level

Hum and noise in the receiver output should be at least

40 dB below 10 milliwatts output with a 1000 microvolt
30% 1000 Hz modulated reference input.

BOEING

Ex. 1041, p. 102



SUPPLEMENT 6 TO ARINC CHARACTERISTIC 716 - Papge 3

3.6.5.3 Frequency Response

The audio power cutput level should not vary more than
6 dB over the frequency range 300 Hz to 2500 Hz with
respect to a reference level of up to 10 milliwatts
established at 1000 Hz with a constant input carrier
level modulated 30%. A sharp cut-off in response
below 300 Hz and above 2300 Hz is desirable,
Frequencies above 3750 Hz should be attenuated at
least 20 dB and preferably 40 dB.

3.6.5.4" Distortion

With an input signal of 100¢ microvolts modulated with
1000 Hz and the receiver gain adjusted to produce 40
milliwatts Into a 600 ohm resistive load, the total
harmonic distortion should not exceed 7.5% with 30%
modulation or 20% with 90% medulation {with the gain
control reset to maintain the output at 40 milliwatts),
including any effects of the noise limiter.

3.6.5.5 Voice Phase Shift Limit

With 1000 uY modulated with 1000 Hz and the output
level adjusted for 40 mW into a 600 ohm resistive load,
the audio outpui phase should not depart from that of
the positive going moedulation envelope at the receiver
input by more than -30 degrees or +120 degrees.

COMMENTARY
The phase shift limits of the audio output are
different from those of data/SELCAL output due

to the number of stages required for the
processing of each signal type.

3.6.5.6 Short Circuit Protection

The transceiver should be able to endure an output
short circuit and should operate normally after the
removal of the short circuit.

3.6.7 Desensitization and Interference Rejection

Sections added to improve receiver performance
in the presence of high power FM broadcast
transmissions.

6.0 BUILT-IN TEST EQUIPMENT (BITE}

New section added.

ATTACHMENT 2 - NOTES APPLICABLE TO THE
STANDARD INTERWIRING

SDI pin assignment revised from "reserved" to
"assigned". Note | revised.

ORIGINAL TEXT FOQLLOWS:

{  Source/Destination Identifier (SDY) Encoding

These pins are reserved for encoding the location
of the Comm receiver in the aircraft, (Le.,
"system number"} per Section 2.1.4 of ARINC
Specification 429. If the SDI function is used, the
following encoding scheme should be employed,
the pins designated being either left open circuit
or connected, on the aircrafi-mounted half of the
connector, to pin MPC9, The wiring of these pins
should cause bit Nos. 9 and 10 of each digital
word transmitted to the Comm Transceiver to
take on the binary states defined in Specification
429, When the SDI function is not used, both pins

ATTACHMENT 2 - NOTES APPLICABLE TO_ THE
STANDARD INTERWIRING (cont'd)

ORIGINAL TEXT FOLLOWS:

MPA9 and MPB9Y should be left open circuit with
the result that Bit Nos. 9 and [0 are binary

Tzeros."
Connector Pin
Unit No. MPAS MPBR9
1/2/3 Open Open
1 Open To MPC9
2 To MPC9 Open
3 To MPC9 To MPC9

Note 9 revised.

ORIGINAL TEXT AS FOLLOWS:

(@  4-Wire Mike Grounding

Pin MPB2 is connected iaternally to pin MPBI.
Pin MPB2Z can be jumpered to pin MPB4 to abtain
internal grounding of the micrephone circuit or it
may be connected to an external ground.

ATTACHMENT 6 - STANDARD "FOUR-WIRE" MICRO-
PHONE INTERFACE

Drawing revised to make provisions for Single
Point Audio System Earth (SPASE) concept.

ATTACHMENT 8 - ASSUMED TEST PROCEDURES,
DESENSITIZATION AND INTERFERENCE REJECTION

Attachment added to reflect recommendations of
the ICAO HIRSG.

ATTACHMENT 9-TYPICAL TEST PROCEDURES,
AUDIO OUTPUT

Attachment added to reflect revised audic output
characteristics,
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SUPPLEMENT 6 TO ARINC CHARACTERISTIC 716 - Page &

ATTACHMENT 6
ORIGINAL FOLLOWS:

STANDARD "FOUR-WIRE"
MICROPHONE INTERFACE

MP -
ey AT z =150
! A Al

H
1
L]
'
|
; Bl j 1}
= B2 Audio
SPASE ~===|--+|= o= - - - @4 By |——diGround
¥
D f
3 W Excitatifn
- Chassis
DC Ground Ground

Flight Rec (Key Event) =

* Data Keyline

Data [ -
Input B3 =
Al © —_.L._.. Chassis To .
* Selcal & Data , I Ground Speech
Output « Amplifier
Audio & S E
Sidetone S BLs
g I
C7 = To Voice/Data Select Logic
CALL p—
Bl [—
DIt [— (Ground Select Port A)
_ ]: A7 [
Freq/Datg Port B B7 — * ACARS Interface

{when Used)
*% Alternate grounding
provisions. See Note
8 of Attachment 2.

NOTES:

1. A diode is used in series with keying relay to prevent sneak current from the data
link (also required in the data link).

2. A singie-ended audio input may be used providéd that the input impedance between
pins MPA] and MPBI is 150 A, ,
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SUPPLEMENT 7 TO ARINC CHARACTERISTIC 716 - Page 2

A. PURPOSE OF THIS SUPPLEMENT

This Supplen?ent introduces a description of squelch
operation in offset carrier environment.

B, ORGANIZATION OF THIS SUPPLEMENT

The first part of this document, printed on buff-
colored paper, contains deseriptions ot the changes
introduced into the Characteristic by this Supple-
ment, and, where appropriate, extracts from the
original text for comparison purposes. The second
part consists of replacement white pages for the
Characteristic, modified to reflect these changes.
The modified and added material on each replace~
ment page is identified with "¢-~7" symbols in the
margins. Existing copies of Characteristic 716 may
be updated by simply inserting the replacement
white pages where necessary and destroying the
pages they replace. The buff-colored pages should
be inserted inside the rear cover of the Charac-
teristic.

Copies of the Characteristic bearing the number
716-7 already contain this Supplement and thus do
not require revisions by the reader.

C. CHANGES TO CHARACTERISTIC 716 INTRCDUCED
BY THIS SUPPLEMENT

This section presents a complete tabulation of the
changes and additions to the Characteristic intro-
duced by this Supplement. Each change or addition
is entitled by the section number and title currently
employed in the Characteristic, or by the section
number and title that will be employed when the
Supplement is eventually incorporated. In each
case there is included a brief description of the
‘addition or change and, for other than very minor
revisions, sny text originally contained in the
Characteristic is reproduced for reference.

3.6.8 Squelech Provisions

This addition describes proper squelch operation during
reception of multiple signals from an offset carrier
network.
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SUPPLEMENT 8 TO ARINC CHARACTERISTIC 716 - Page 2

A. PURFOSE OF THIS SUFPLEMENT

This Supplement primarily introduces a new Section 4.0
for the description of an optional 8.33 kHz channel
spaced DSB-AM VHF voice communications system,
The 8.33 kHz channel-spaced mode of operation for voice
communications, if implemented concurrently with the 25
kHz channel-spaced modes of operation, would require
dual-bandwidth receivers to ensure inter-operability of the
aitborme transceivers with the current (25 kHz) and
proposed European narrowband (8.33 kHz) VHF voice
communications systems. The narrowband mode of
operation is limited to voice communications.

B. ORGANIZATION OF THYS SUPPT EMENT

The first part of this document, printed on buff-colored
paper, contains a list of changes being introduced into
ARINC Characteristic 716 by Supplement 8. These pages
should be inserted inside the rear cover of the
Characteristic. The second part of this document, printed
on white paper, consists of the replacement pages for
Supplement 8.  Changes introduced as a result of
Supplement 8 are identified by a ¢-8 symbol in the
margin. Existing copies of ARINC Characteristic 716
may be updated by simply replacing all of the Table of
Contents and text pages for Sections 1 through 6
preceding Attachment 1 with Supplement 8 which includes
ail of the text for Sections 1 through 7. New Attachrments
10, 11 and Appendix 3 should be inserted where
appropriate. _ '
C. CHANGES TO ARINC CHARACTERISTIC 716
INTRODUCED BY THIS SUPPLEMENT

This section presents a complete tabulation of the changes
and additions to the Characteristic to be introduced by this
Supplement. Each change or addition is defined by the
section number and the title that will be employed when
the Supplement is eventually incorporated. In each case
a brief description of the change or addition is included.

1.1 Purpose of This Document

Text and commentary was added to indicate that Section
3.0 applies to the 25 kHz channel-spaced voice and data
modes of operation and that Section 4.0 applies to an
optional 8.33 kHz channel-spaced voice mode of
operation.

2.2.1 Transceiver Unit

A reference to Chapter 5 was changed to Chapter 6,
2.2.3 Aantennas

A reference to Section 4.0 was changed to Section 3.0.

4,0 TRANSCEIVER UNIT DESIGN FOR THE 8.33
KHZ CHANNEL-SPACED MODE OF
OPERATION

A new section was added to define the transceiver
characteristics of an optional 8.33 kHz channel-spaced
voice mode of operation. The 8.33 kHz channel-spaced
mode of operation for voice communications, if
implemented concurrently with the 25 kHz channel-spaced

modes of operation, would require dual-bandwidth
receivers to ensure inter-operability of the airborne
transceivers with the current (25 kHz) and proposed
EBuropean narrowband (8.33 kHz) VHF veice
communications systems, The narrowband mode of
operation is limited to voice communications. The
characteristics specified for the 8.33 kHz channel-spaced
mode of operation are mainly the channeling, the
frequency selection, the selectivity, the frequency
stability, the frequency response, and the transmitter
occupied spectrum.

5.0 ANTENNAS

This Section was formerly Section 4.0 and was re-
numbered when the new Section 4.0 Transceiver Unit
Design for the 8,33 kHz Channel-Spaced Mode of
Operation was introduced.

6.0 AUTOMATIC TEST EQUIPMENT PROVISIONS

This Section was formerly Section 5.0 and was re-
numbered when the new Section 4.0 Transceiver Unit
Design for the 8.33 kHz Channel-Spaced Mode of
Operation was introduced.

7.0 BUILT-IN-TEST EQUIPMENT (BITE)

This Section was formerly Section 6.0 and was re-
numbered when the new Section 4.0 Transceiver Unit
Design for the 8.33 kHz Channel-Spaced Mode of
Operation was introduced.

ATTACHMENT 10 - RECEIVER SELECTIVITY

This is a new attachment containing the receiver
selectivity for the 8.33 kHz channel-spaced mode of
operation referenced in Section 4.0.

ATTACHMENT 11 - TRANSMITTER SPECTRUM
MASK

This is a new attachment containing the Transmitter
occupied spectrum for the 8.33 kHz channel-spaced mode
of operation referenced in Section 4.0.

APPENDIX 3 - FREQUENCY CHANNEL PAIRING
PLAN .

This is a new appendix containing the frequency-channel
pairing plan for 8.33 and 25 kHz spaced channels
referenced in Section 4.1.
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SUPFLEMENT 9 TO ARINC CHARACTERISTIC 716 - Page 2

A, QSE_OF THIS SUPPLEMENT

This Supplement introduces clarification of the Tuning
Control Panel operation with 8.33 kHz and 25 kHz
channe] spacing.

B. ORGANIZATION OF THIS SUPPLEMENT

The first part of this document, printed on buff-colored
paper contains a list of changes introduced into
Characteristic 716 by Supplement 9. The second part
consists of replacement white pages for Characteristic
716, modified to reflect the changes, The modified and
added material on each page is identified by a ¢-9 in the
margins. Existing copies of ARINC Characteristic 716
may be updated by simply inserting the replacement white
pages where necessary and discarding the pages they
replace. The buff-colored pages are inserted inside the
rear cover of the Characteristic.

C. CHANGES TO ARINC CHARACTERISTIC 716
INTRODUCED BY THIS SUPPLEMENT

This section presents a complete tabulation of the changes
and additions to Characteristic 716 introduced by
Supplement 9. Each change or addition is defined by the
section mumber and the title currently employed in
Characteristic 716, In each case a brief description of the
change or addition is included.

4.2 Frgg' uency Selection

Commentary was changed to clarify that the tuning
control panel should scroll through both the 25 kHz and
8.33 kHz spaced channels.

4.2.1 Control Panel Programming’

MPD5 was designated to be internally grounded to
indicate if the transceiver is capable of operating in ejther
of the 8.33 kHz or 25 kHz modes.

ATTACHMENT 2 - STANDARD INTERWIRING

MPD5 was changed from "reserved" to "8.33 kHz
Program" and a new note 12 was added to refer to
Section 4.2.1,

APPENDIX 3 - FREQUENCY-CHANNEL PAIRING
PLAN

Replaced table. The new table contains two additional
colunms for "Labels Transmitted” and "ARINC 429
Word Content".
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