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Activities of AERONAUTICAL RADIO, INC. (ARINC)

and the

Purpose of ARINC Characteristics

Aeronautical Radio, Inc. is a corporation in which the United States scheduled 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 fulfilment 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 oftechnical information. ARINC sponsors the Airlines Electronic Engineering

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.

I

FOREWORD
An ARINC Equipment Characteristic is fmalized after investigation and coordination with

the airlines who have a requirement or anticipate a requirement, with other aircraft operators,

with the Mflitary 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 constitute 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 charmel 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.

BOHNG

EX.104l,p.4



BOEING
Ex. 1041, p. 5

mi.

w9wwwwwwwwwwwwwwwwwwmmwwwwwPPPNNPPPPPNPNNP

REPLACEMENT PAGE REVISED: December 39, 1994

_A_B_!flC CHARACTERISTIC 716
TABLE OF CONTENTS

ITEM SUBJECT PAGE

IN’I‘RODUC'I‘IOI_\] AND DESCRIPTION
Purpose of This Document
Function of Equipment a
Unit Description

VHF Transceiver Unit

Frequency Control
Antenna

Interchangeability
General

Interchangeability Desired for the ARINC 716
VI-IF Transceiver

"Generation Interchangeability" Considerations
Regulatory Approval
System Parameters

mmamug

v|—||—‘ Q44qmmmammmmaammmmhhnaanbhcmmwmmmmmmmumppm>>HHHHHHHHHHH
INTERCI-IANGEABILITY STANDARDS
Introduction

Form Factors, Connectors & Index Pin Coding
Transceiver Unit
"Standard Control Panel"
Antennas

Interwiring
Power Circuitry

Primary Power Input
Power Control Circuitry
The Common Ground
Internal Circuit Protection

Environmental Conditions

Cooling
Grounding and Bonding

.l:»t.ol~.)1-mun
TRANSCEIVER UNIT DESIGN

Frequency Range and Channeling
Frequency Selection
Residual FM Specification
Transmitter Frequency Offset
Transmit to Receive Recovery
Receiver Design

Sensitivity
Selectivity
Undesired Responses
Cross Modulation

Audio Output
Audio Source Impedance
Output Regulation
Gain
Hum Level
Voice Phase Shift Limit
Distortion
Voice Phase Shift Limit

Automatic Gain Control

Desensitization and Interference Rejection
AGC Versus Pulse Interference
Squelch Versus Pulse Interference
Pulse Noise Output
Receiver Operation in the Presence of

Inband Transmission
0ut—of-Band FM Broadcast Intermodulation

Interference
Out-of-Band FM Broadcast Desensitization

Interference

b9assssassbsbasaossoousmwwoemwesssewwwvbeoemsssawasmbebH9HHHS4mMMM9M9M“*WN“ O'\U;.l:st.Dk~JI-K--.iO\Lh.3=-u)[~)r—-
m

BOEWG

BflMLp5



BOEING
Ex. 1041, p. 6

REPLACEIVIENT PAGE REVISED: December 20, 1995

ARINC CHARACTERISTIC 716

TABLE OF CONTEEIS

ITEM SUBJECT PAGE

3.6.8 Squelch Provisions 7
3.6.9 SELCAL/Data Output 7
3.6.9.1 Gain 7

3.6.9.2 Frequency Response 7
3.6.9.3 Distortion 7
3.6.9.4 Phase Shift 7
3.6.9.4-.1 SELCAL/Data Phase Shift 7

3.6.9.4.2 Differential Phase Delay 7
3.6.9.5 AGC Attack Time 7

3.6.9.6 AGC Delay Time 7
3.7 Transmitter Design 7
3.7.1 Power Output 7
3.7.2 Frequency Stability 8
3.7.3 Sidetone 8

3.7.4 Transmitter Spurious Radiation 8
3.7.5 Microphone Input 8
3.7.5.1 Modulation Level 8

3.7.5.2 Speech Processing 8
3.7.5.3 Frequency Response 8
3.7.5.4 Distortion 9

3.7.6 Leakage 9
3.7.7 Key Line 9
3.7.8 Data Input 9
3.7.8.1 Modulation Level 9
3.7.8.2 Level Control 9

3.7.8.3 Frequency Response 9
3.7.8.4 Distortion 9
3.7.8.5 Phase Shift 9

3.7.8.6 Differential Delay 9
3.7.9 Muting 9
3.7.10 Receive to Transmit Turn Around .9

4.0 TRANSCEIVER UNIT DESIGN FOR THE 8.33 kHz
CI-IANNEL—SPACED MODE OF OPERATION

4.1 Frequency Range and Channeling 10
4.2 Frequency Selection 10
4.2.1 Control Panel Programming 10
4.3 Receiver Design 10
4.3.1 Selectivity 10
4.3.2 Cross Modulation 1021

4.3.3 Squelch Provision 105.
4.3.4 SELCAIJData Output 103.
4.3.4.1 Gain 10::

4.3.4.2 Frequency Response 10a
4.3.4.3 Distortion 10a
4.3.4.4 Phase Shift 103.
4.3.4.4.! SELCAL Phase Shift 10a

4.3.4.4.2 Differential Phase Delay 10b
4.3.4.5 AGC Attack Time 101:

4.3.4.6 AGC Decay Time 10]:
4.4 Transmitter Design 10}:
4.4. 1 Frequency Stability 10b
4.4.2 Microphone Input 10b
4.4.2.1 Modulation Level 101)

4.4.2.2 Speech Processing 10b
4.4.2.3 Frequency Response 101:
4.4.2.4 Distortion 10b

4.4.2.5 Transmitter Occupied Spectrum 1013
4.4.3 Data Input 10b

iv
BOEING

Ex. 1041, p. 6



BOEING
Ex. 1041, p. 7

E REPLACEMENT PAGE REVISED: December 30, 1994 '

ARINC CI-IARACTERISTIC 716

TABLE OF CONTENTS

El Q I
5.0 ANTENNAS 1 1
5. 1 General 1 1

5.2 Antenna Consideration for Multiple Systems
Operations 11A

6.0 AUTOMATIC TEST EQUIPMENT PROVISIONS 11A
6.1 General 11A
6.2 Unit Identification 11A
6.3 Pin Allocation 11A

6.4 Use of ATLAS Language ' 11A

'7 .0 BUILT-IN-TEST EQUIPMENT (BITE) 11B
7.1 Built-In-Test Equipment (BITE) 11B
7.2 BITE Display 11B
7.3 Fault Monitor 11B

L 7.4 Sclf—Test Initiation 11B I

7.5 Monitor Memory Output ‘ 11B

ATTACHMENTS

‘I 1 Transceiver Unit Connector Positioning 12 '
2 Standard Interwiring 13

- Notes Applicable to the Standard Interwiring 14 — 14A
3 Receiver Selectivity 15
4 Environmental Test Categories 16
5 Typical VHF Communications Antenna 17
6 Standard "Four-Wire" Microphone Interface 18

FT; 7 1 Control Panel Guidelines 19 I
i Standard Control Panel Outline Drawing 20

8 Assumed Test Procedures for Desensitization and

Interference Rejection - 20A
__ 9 Typical Test Procedures: Audio Output 2013

E’ 10 Receiver Selectivity ' 20C '
11 Transmitter Spectrum Mask 20D

Appendices

, 1 Excerpts from the International Standards and Recommended

J Practices Aeronautical Telecommunications Annex 105' to the Convention on International Civil Aviation 21-52 '

2 Bibliography 53
3 Frequency—Channel Pairing Plan 54

: i I

L: \ ' ' 3‘ ll

’ v

Ll BOEING "
1 Ex. 1041, p. 7



BOEING
Ex. 1041, p. 8

BOEING

Ex. 1041, p. 8

BOEING

Ex. 1041, p. 8



BOEING
Ex. 1041, p. 9

 

E I

REPLACEMENT PAGE REVISED: December .30, 1994

ARINC CHARACTERISTIC 716 - Page 1

1.0 INTRODUCTION AND DESCRIPTION

1.1 Pugpose 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 kl-Iz 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 kl-Iz) 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 techniques 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 fluipment

The function of the VHF Communication Transceiver is

to provide the aircraft with a voice or data
communications capability with the ground via
conventional VI-IF circuits.

1.3 Unit Description

1.3.1 VHF Transceiver Unit

The VHF Transceiver unit should house all the

components, electronics circuitry, etc. , incident to channel
selection, receiving and transmitting functions of VHF
air-ground-air communications.

1.3.2 Frguency 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 Interchangeabiligz

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 explained 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
VHF Transceiver

Unit interchangeabilty is required for the transceiver
regardless 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 Interchangeabilig“ 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 ofadditional 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

BOEWG
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ARINC CHARACTERISTIC 716 - Page 1A

1.0 INTRODUCTION AND DESCRIPTION §cont’d1

1.4.3 "Generation Interchangeability‘ Considerations
§cont’d1

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

1.5 Regglatog Apgroval

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 VI-IF
communications may be found in Appendix 1 to this
Characteristic. ‘They have been excerpted from ICAO
Annex 10, “International Standards and Recommended
Practices, Aeronautical Telecommunications", and from
the report of the ICAO’s 7th Air Navigation Conference.

NEXT PAGE INTENTIONAILY LEFT BLANK
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ARINC CI-IARACTERISTIC 716 - Page 2 ‘

REVISED: December 30, 1994

2.0 INTERCHANGEABILITY STANDARDS

2.1 Introduction

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 note 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 customer. 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 should be used.

The ATE interconnection insert ('I‘P) 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

(3-8 | be found in Chapter 6 of this document.

2.2.2 "Standard Control Panel"

Frequency control of the ARINC 716 VHF Transceiver
is effected by means of facilities provided on a VHF
NAVICOMM 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 VI-IF COMM control panel
suitable for use with the ARINC 716 VI-IF 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 antenna.
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 antennas 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 he 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 his
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 reader’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.

_BOE|NG
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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 Priming Power Input

The V}-IF 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 onfoff
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 onfoff 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
should not be accessible when the set is installed in the

aircraft radio rack, but should be replaceable only when
the guipment 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. -

REVISED: January 15, 1982
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2.0 INTERCHANGEABILITY STANDARDS ]cont’d!

2.5 Environmental Conditions

The VHF Transceiver should he 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 kgfhr of 40°C air and the
unit should not dissipate more than an average of 62 watts
of energy. The coolant air pressure drop through the
equipment should be 5 i 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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3.0 TRANSCEIVER UNIT DESIGN

3.1 Frguency 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
Radio Conference of the ITU allocated an additional

1 MHz of spectrum to the Aeronautical Mobile (R)
Service, resulting in the new allocation 118 to 137

V M1-Iz. "While operational requirements have not yet
been fully identified, the users desire that all ARINC
716 radios operate over that frequency band.

3.2 Fgguency 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 2 to this
document for the connector in assignments.) The
receiver should determine whicli) 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" ort and ignore data delivered to the "A" port when
the iscrete 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 m.A.

The "open "circuit" state is defined as a voltage greater
than wt-18.5 VDC (+30 VDC maximum) at this pm 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 su plies tuning information, the
data bus from that panel s ould 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 centralized radio

management s stem is employed, its normal control
source should e 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 below 5 per second (word removal from the bus
signifies tuning mformation source failure), the word
signlstatus matrix indicates an invalid condition, or the
word parity fail to be odd, the trahsceiver should remain
tuned to and operate on the last valid frequency received.

The VHF transceiver should recognize fr uencylfunction
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 c—5
Specification 429. See Note 1 to Attachment 2 for pin
encoding of the installation numbers.

3.3 Residual FM Specification

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

3.4 Transmitter Fguency 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 flexibili should be provided
to permit the same or a different v no for this offset to
be selected for each whole megahertz of receiving
frequency.

Double-channel o eration should be effected by the

grounding of the " requency Offset Enable" wire, eithery the control panel or other source.

COMMENTARY

The amount of separation of transmit and receive
frequencies that might be em loyed 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 infr uent change. It is
anticipated, therefore, that o set selection for each
receive frequency will be made within the transceiver
by reference to a hard-wired program.

3.5 Transmit to Receive Recovefl

With the receiver squelch set to operate at 3 nV, the
receiver should recover after transmission to rovide 90 %

of its output at an input level of 10 ttV modu ated 30 % at
1000 Hz in less than 50 ms.

3.6 Receiver Desigg

3 . 6 .1 Sensitivig

With a 2 ;.LV (hard) signal, amplitude modulated 30% at

£00 Hz, the signal—plus—noise-to~noise ratio should be 6

3.6.2 Selectivig

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 i8 kl-Iz 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 assiged frequency.
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3.0 TRANSCEIVER UNIT DESIGN [cont’dl

Note: Although the airlines have not chosen to s ecify
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 i1‘? kHz from its assigned value.

COMMENTARY

It is the equi rnent manufacturefs option to choose
the stability gure 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
fore oing specification sets forth the minimum nose
ban width 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-s ecified nose

bandwidth is provided. Later on, as 2 kHz channel
deployment increases, -receivers having enchanced
adjacent channel re'ection, i.e., 60 dB skirt
bandwidths of 1 15 z or less, may well find favor
in the market place. Despite the fact that by that
time, all offset carriers should be reliabl constrained
within is kl-Iz of their assigned channel frequencies,
the prudent manufacturer will still provide a wider-
than-specified nose bandwidth. In addition to
ensurin optimal utility of the equipment, this
approac 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 selectivi characteristics based on

an assumed receiver stabi ity 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

consfidered within the limits set forth in Section3.4. .

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 be 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 ou ut when the
desired signal is modulated 50% under e following
conditions:

 

Minimum Desired

Signal Level-
Unmodulated

Undesired
Si al Level

Mo u 
With the simultaneous application to the input of the
receiver of a 30% modulated off—resonance signal with an

unniodulated desired signal, the audio 011331.11: produced bthe 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 ,u.V to 0.1 volt, and the audio gain adjusted in
each case for 100 mW output, the receiver should meet

the aalbove specification with the following undesiredsign s:

  Undesired Signal Off Resonance

Level _

 
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 545 was being
prepared, the "ail-transistor" receiver was Just
about to become a commercial realeifiy. Despite itsmany advantages over its tubed pr ecessor, there
were some areas in which it could not match the
performance of the older radio, of which cross
modulation erformance and interference !'B_]6Gl.IOI1
was one. e 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 channel duplex operation, foreseen when
ARINC Characteristic 520A was written, had not

materialized, nor was it necessary to specify more
than the very minimum provisions for it in ARINC
Characteristic 546. This enabled the airlines to
acce t the contemporary transistor receiver
capa ilities without submitting to too many
operational problems.
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3.0 TRANSCEIVER UNIT DESIGN §cont’d1

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, the r uirement for good cross
modulation and inter erence 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. Eflpi ment manufacturers shouldrecognize that e 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 $2096 (1 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

open circuit, and should operate normally after removalo 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 D
impedance to the load circuit (measured using the Figure
2 method of Attachment 9) when no power 1S 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 Oul_:put Regglation

With the output signal adjusted to 10 mW into 600 Q at

1000 Hz, the output voltage should not change more than2 dBV when the oad is Varied between 450 D and 2,400
(1 and by not more than 6 dBV when the load is varied
between 200 (1 and 20,000 D. The above described
output regulation should aiso be true when tested using
350 and 2,500 I-Iz signals.

3.6.5.3 Gain

The receiver ain should be such that a 2 pLV signal
modulated 30% at 1000 Hz will produce at least 40 mW
of output into 600 120% 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 all 30% 1000 Hz
modulated reference input.

3.6.5.5 Voice I’hase Shift Limit

The audio power output level should not varsy more than6 dB over the frequency range 300 Hz to 2 00 Hz with
respect to a reference level of up to 10 mW

established at 1000 Hz with a constant input carrier levei
modulated 30%. A sharp out-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 M7 modulated with 1000 Hz
and the receiver gain adjusted to produce 40 mW into a
500 Q resistive load, the total harmonic distortion should
not exceed 75% with 30% modulation or 20% with 90%

modulation (with the gain control reset to maintain the

putput at 40 mW), including any effects of the voiceimiter.

3.6.5.7 Voice Phase Shift Limit

With 1000 p,V modulated with 1000 Hz and the output
level adjusted for 40 mW into a 600 Q resistive load, the
audio output phase should not depart from that of the

positive going modulation envelope at the receiver inputy more than -30 degrees or +120 degrees.

COMMENTQ EY

The phase shift limits of the audio output are
different from those of data/SEIJCAL 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 -in ut signals from 5 ,uV to 100,000
all, and not more than dB with input signals from 5 p,V
to 500,000 nV. Variation of percentage modulation
should have negligible effect on the automatic gain
control. The receiver should not overload with one volt

of rf energy (hard) applied to antenna terminals.

3.6.7 Desensitization and Interference Rejection

Circuit should be included for the prevention, insofar as

practica le, of receiver desensitization due to ulse-tylpeinterference. As the magnitude and character 0 the pu se
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 made 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
52-0 dummy antenna:

Width of Pulse

Repetition Rate
Waveform

10 $2 [is
1000 i100 pps
Rise and decay time each
less than 1 as

3.6.7.1 AGC Versus Pulse Interference

With the receiver sensitivity set to maximum and with a
test signal of 3 to 1000 ,u.V, modulated 30% at 1000 Hz,
the resulting 1000 Hz output, shouid not decrease more

(3-6
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3.0 TRANSCEIVER UNIT DESIGN §cont’d[

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

3.6.7.2 Sguelch Versus Pulse Interference

The s uelch should not open when pulses and
unmodu ated carrier on the same uency are
introduced, having the following levels in microvolts:

 
3.6.7.3 Pulse Noise Output

With the receiver gain ad'usted so that a test signal of 100
pV, modulated 30% at 1 Hz, produces 10 mW output
111 a 600-!) resistive load, substitution of pulse- pe
interference superimposed upon the 100 _uV carrier in ieu
of the 1000 Hz modulation should not produce more than

5 rpW audio output with pulse peak amplitudes up to oneV0 1;.

3.6.7.4 Receiver Qperation in the Presence of Inband
lanai

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 tri ing when
the transmission frequency is as close as 2 z to the
receive frequency.

3.6.7.5 Out-of-Band Broadcast Intermodulation
Interference

No degradation of erformance should occur when third
order intermodu ation products in the VHF
communications band of 118.000 to 137.000 MHz result

from two or more FM broadcast signals of -5 (Him or less
mixing within the receiver. See Attachment 8 of this
document. -

3.6.7.6 Out-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 111 ut
terminals is less than -5 dBm. See Attachment 8 of ‘s
document.

3.6.8 Sguelch Provision

Manufacturers are encouraged to provide the best ossible
squelch system: one that can distinguish etween

communications signals and the usual types ofinterference and receiver background noise w ch 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 multi le stations in an offset carrier

network. Up to ve 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
p.V or greater.

Irres ective of how stable and reliable the squelch system
may e, it should also be ossible to disable the squelch
by command of a test ction 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, etc., should be provided. A service
adjustment inde endent of the voice or sidetone outputs
should be provi ed within the transceiver for output level
adjustment.

3.6.9.1 Gain

The receiver ain should be such that a 2 p.V si al
modulated 30 at 1000 Hz will produce at least 0.5 AC
of output into a 600 120% (2 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 res ect to 1000 Hz should be within i6 dB
from 300 Hz to .6 kHz.

3.6.9.3 Distortion

With an in ut signal of 1000 _u.V modulated with 30%
mod 1000 and the level adjusted to provide 0.5 V

guégut into 600 Q, the total distortion should not exceed. 0.
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3.0 TRANSCEIVER UNIT DESIGN jcont’d[

3.6.9.4 Phase Shift

There should be no phase inversion through the receiver.

3.6.-9.4.1 SELCAL/Data Phase fihift

With 1000 p.V modulated with 1000 Hz and the output
level adjusted to 0.5 V into a 600 {J resistive load, the
audio output phase should not depart from that of the

ositive going modulation envelope at the receiver input
y 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 (i) from 600 Hz to 6.6 kHz should be less
than 11' 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 ptV 30% 1000 Hz modulated rfsignal to the receiver
lllpllt.

3.6.9.6 AGC Decay Time

The data link audio output should reach 90% of its steady
state value within 50 ms after the receiver rf input of

100% [.t¥r, modulated 30% with 1000 -Hz is step reducedto p. .

3.7 Transmitter Desig

3.7.1 Power Output

When operated at rated input power, the transceiver
carrier power on ut measured into a 52 Q resistive load
at the end of a 5 . transmission line should be 25 to 40

watts on any 0 crating frequency. The transmitter should
be capable 0 continuous o eration with ARINC 600
cooling air. The transmitter s ould be designed to operate
with a 52 1) transmission line terminated in its

characteristic impedance.

3.7.2 Fr_eguency Stability

The transceiver carrier frequency should not deviate from
the assigned carrier frequency of any selected channel by
more than 10.00296 under the following conditions taken
one at a time.

(a) . 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 50°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 on any
channel by more than ;t0.003% when the ambient
temperature is varied from -50°C to 71°C and without
internal warm up. This applies to all operational
con 1t1ons.

The transmitter frequency should not deviate from the
assigned carrier frequency by more than i0.003% when
any other environmental characteristic or other situation
shall develop which might, in the opinion of the
manufacturer or the airline customer, exist in actualservice.

3 .7.3 Sidetone

The sicletone output (shared with the audio output) should
have a source of 1m edance of less than 20 Q, and should ¢’2
provide an output eve] of 40 mW into a 600 ;l;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 rovided 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 ower required to o erate the sidetone
should be obtain from a source as c ose 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 Ml-Iz from the carrier uency, 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
harmonics is based on 60 dB attenuation of the
harmonics 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 ower on ut

results in a lower power level. E AC has so
considered recommending -56 dBW as the
maximum level for all spurious emissions in the
band 108.0 to 136.0 ivfl-Iz, 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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3.0 TRANSCEIVER UNIT DESIGN [cont’d]

3.7.5 Microphone Input

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

(a) Microphone excitation voltage: 16 VDC open circuit.
fb) Excitation voltage source impedance: 400 D.
(c) Input impedance: 150 L1.

3.7 .5 .1 Modulation Level

An input level of 0.25 V rms at 1000 Hz z;pp1ied to themicrophone input should rovide at least 90 a modulation
of the transmitter. 's 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 included in the microphone input circuits.
It should provide sufficient extra gain to allow at least 10
dB (preferable 20 dB) of such eech processing, still
meeting the microphone input leve requirements. Service
adjustment provisions should be included to allow setting
the speech processing or clipping to the desired amount.

3.7.5.3 Freguency 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 uency in the
range 300 to 2500 Hz. The noise level should be at least

4(5)0g%_Ibe1ow the level of a carrier modulated 90% at1 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 a 50 Q resistive load.

3.7.7 Key Line

The transmitter PTI‘ keyiine (MPC1) should be enabled
only when the transceiver is in the Voice mode, i.e.,
Voice/Data. Select pin MPC7 is 0 en circuit (50 kt} or
greater). The transmitter data key me (MPD7) should be
enabled only when in the Data mode, i.e., Voice/Data
Select pin MPC7 is externally grounded ( _—l;3V).

The transmitter should be keyed (key down) when a
resistance of 60 Q or less to round or a positive voltage
of between 0 and 3 VDC m an external source is

applied to the key line P'IT in MPCI (in Voice mode),
or to the data key line pin PD7 (in Data mode).

The transmitter should not be keyed (key up) when 50 kn
or more to ground or a positive voltage of 20 to 31 VDC
from an external source is applied to the key line FIT pin
MPC1 and data key line pin MPD7.

The transmitter should not be damaged by inadvertent

plppllicatilon of up to -35 VDC from an external source toe ey me.

3.7.8 Data Input

A balanced 600 -320% (1 input should be provided for
data modulation of the transmitter.

3.7.8.1 Modulation 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

¢-2

10 and preferably +20 dBm above that producing 70% ¢-1
modulation, reference pp 3.7.8.1, are applied.

3.7.8.3 Fgjuency Response

The frequency 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 to 90% should not
exceed 10% over the frequency range of 45 dB below the
level of 90% 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

applieldl as the high data input connector pin MPA5 as1000 z.

3.7.8.6 Differential Delay;

The differential delay to audio fr uencies (i) from 600
Hz to 6.6 kHz should be less than !10f seconds through
the transmitter.
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3.0 TRANSCEIVER UNIT DESLGN (cont’d) I

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 resent at least 50 kfl between ins MPC15

and MPDIS ground) and be able to withstan +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 apphed.
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4.0 TRANSCEIVER UNIT DESIGN FOR THE 8.33 kHz

CHANNEL-SPACED MODE OF OPERATION

4.1 Fguency Range and Qhgnggljng

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 M1-Iz
for 8.33 kl-Iz 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-
channel 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 kl-Iz
channels. ICAO Annex 10 has precedence over
Appendix 3 in this Characteristic.

The emergency frequency (121.50 MHz), the auxiliary
SAR frequency (123.10 MHz), and the datalink channels
(at least the four upper channels) will be used with a 25
kHz channel spacing.

4.2 Frequency Selection

4.3 Receiver Design

4.3.1 Selectivi_ty_

The nose passbaud and the stability of the receiver should
“be such that when a carrier modulated 30% at 1,000 Hz

is applied on any assigned carrier frequency there is no
more than 6 dB attenuation when it is moved to j: 2.780

kl-Iz from its assigned frequency.

The skirt selectivity should be such that at least 60 dB of
attenuation results when the modulated carrier departs 1
7.365 kHz or more from its assigned frequency.

Note: The nose passband is defined in order to receive
the full speech bandwidth (3; 2.5 kHz). This
value is increased by the ground frequency
tolerance (1 1 ppm) plus the Doppler effect (;1;
140 Hz).

COM-MENTARY

Skirt selectivity is defined at the minimum separation
between the adjacent and wanted channel, i.e. , at the
maximum airborne transmitter frequency tolerance
(:t 5 ppm as defined in paragraph 3.7.2) plus the
Doppler effect (air/air communication being the
worst operational case for Adjacent Channel cl

The ARINC 429 tuning-=word format for the 8.33 kHz Interference). The equipment manufacturer may
channels is the same as that for the 25 kHz channels choose the stability figure for the receiver.
except for the label. The VHF COM label is 030 (octal) However, the stability figure may be dictated by the
for 25 kHz channel spacing and 047 (octal) for 8.33 kHz stability specified for the transmitter elsewhere in
channel spacing, see ARINC Specification 429, "Mark 33 this Characteristic. It should be evident that the
Digital Information Transfer System (DITS)". preceding specification sets forth the minimum nose

bandwidth and the maximum 60 dB skirt bandwidth

COMMENTARY for the receiver. Obviously, a wider-than-minimum
nose bandwidth and/or a narrower-than-maximum

The tuning control panel should be able to control skirt bandwidth are acceptable to the airlines in
and display the channel name with at least six digits. actual practice. The manufacturer is free to trade
When the control panel is operating in a mode which these numbers with stability as he sees fit.
is capable of displaying 8.33 kl-Iz channels, like
118.005, it should also display the 25 kHz. channels, For purposes of illustration, Attachment 10 depicts
like 118.000, by scrolling through both the 8.33 and the selectivity characteristics of a typical receiver
25 kHz spaced channels as shown in the Frequency- based on an assumed receiver stability of j; 5 ppm.
Channel Pairing Plan in Appendix 3. However, the stability figure suggested for the

receiver in Attachment 10 is not part of the
4.2. 1 Control Panel Prog;g1:_ngjgg specification material contained inthis Characteristic.

Also, Section 3.6.2 does not include allowances for

When MPD5 is internally grounded the transceiver is a non—symmetrical pass-band or other design
. capable of operating in either of the 8.33 kl-Iz or 25 kl-Iz problems. These deficiencies in actual receivers
' modes. must be considered within the limits set forth in

Section 3.6.2.
COMMENTARY

It should also be noted that the receiver local oscillator

The control panel programming feature is optional. phase noise should be sufficiently 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/I-Iz 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:

Desired

. Signal Level-
Unmodulated

(Hard W)

Minimum

Undesired

Signal Level
Modulated

50 %

(Hard W)

Undesired

Signal

Frequency

 iiii
i

i

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 ,u.V to 0.1 V, 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 Level Off Resonance

0.06 volts

0.3 volts

0.6 volts

1.2 volts

  
  
4.3.3 Sguelch 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 kl-Iz environment.

4.3 .4 SEJ=CAL/Data Outgut

The only data output allowed when using the 8.33 lcl-Iz
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 output level adjustment.

4.3.4.1 Gain

The receiver gain should be such that a 2 p,V signal
modulated 30% at 1,000 Hz will produce at least 0.5
VAC of output into a 600 _-l; 20% 0 load.

4.3.4.2 Frequency 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 i 6
dB from 300 Hz to 2.5 kHz.

4.3.4.3 Distortion

With an input signal of 1,000 [JV modulated 30% at
1,000 Hz and with the level adjusted to provide a 0.5 V
output into 600 Q, 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 audio
output phase should not depart from that of the positive
going modulation envelope at the receiver input by more
than -90°.

COMZMENTARY

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 kl-Iz

CHANNEL-SPACED MODE OF OPERATION tcont’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
uV 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
aV, modulated 30% with 1,000 Hz is step reduced to 10
_uV.

4.4 Transmitter Design-

4.4.1 Frguency Stability

The transmitter carrier frequency should not deviate from
the assigned carrier frequency of any selected channel by
more than i 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 —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 50° C.

(cl) 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 i0.0005% 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 i0.0005% when
any other environmental characteristic or other situations
develop which might, in the opinion of the manufacturer
or other airline customer, exist in actual service.

4.4.2 Microphone Input

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

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

(b) Excitation voltage source impedance: 400 Q.

(0) Input impedance : 150 (2.

4.4.2.1 Modulation Level

An input level of 0.25 V ms at 1,000 I-Iz 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 Frguenc 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 1] 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 inputs are not allowed when using the 8.33 kHz
mode.

C-8

BOEING

EX. 1041, p. 24



BOEING
Ex. 1041, p. 25

 

c-3 |

l ¢-s |

E..- ¢-8 I

I

F: 1

Li

C!

r—!

REPLACEMENT PAGE

5.0 ANTENNAS

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 type is used, or one of the flush—rnonnted,
"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 range of the
transceiver. The antenna should be essentially vertically
polarized and omnidirectional to the maximum degree
practicable.

5.2 Antenna Considerations for Multiple Systems
Qperations

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 unit 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 new aircraft and antenna designs is
encouraged.

REVISED: December 30, 1994
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6.0 AUTOMATIC TEST EQUIPNIENT PROVISIONS

C-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.

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.

prevent damage to the contacts and entry of contaminants 6.4 Use of ATLAS L-mggge [ ¢-8
into the connector while the equipment is installed or
being moved between the shop and aircraft. This cover Equipment of manufacturers should note that the airlines
should be secured to the T-R unit by a suitable means so desire to have VHF Transceiver test procedures intended

for execution by automatic test equipment written in theas to prevent loss.
ATLAS language described in ARINC Specification 616. ¢‘2

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

C-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

This connector should be fitted with a suitable cover to
i need not exceed 0.1 watt.

C-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).

TPIA-TPIB Manufacturers Identification (Resistor
values to be registered with ARINC
when selected)

Equipment

TP2A—TP2B Modification Status of the Equipment

TPZC 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 assigggent. 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.

TP1C—TP1D Part No. or Type No. of the .
I
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7.0 BUILT-IN TEST EQUH’l\r[ENT QEITEI

¢-8 | 7.1 Built-In Test I-"Auipment (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
faults 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 continuously 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 I Section 7.4. In addition BITE should display faults which

C-6

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, EM], ground-handling,
servicing interference, abnormal accelerations or
turbulence should not be recorded as faults.

¢~8 17.2 BITE Display

(3-6

The VI-IF 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 alpha-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 between
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

'Ihe 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 simultaneously.
If the self-test routine detects a fault, the "all on"
indication should be deactivated leaving the appropriate
"fault" 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

| es
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¢-8 | 7.0 BUILT-IN TEST EQUIPMENT [EITEQ §cont’c_i]

6-8 | 7.4 Self—Test Initiation [cont’dz

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

¢—6 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.

(1-8 | 7.5 Monitor Memory Output

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
¢-6

: 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 standalone unit. A FIDS Unit in order

k to act as a collector of fault information would be fedfault data from external LRUS. It is envisaged that
: fault data words will be transmitted via the normal

' DITS output ports of the external I.RUs. The FIDS

I input ports would monitor the DITS buses andextract the word(s) assigned for transmission of the
E fault data. If such a system were to be implemented,
I the LRU BITE memory could be the source of the

i fault data.
I

i
!
i
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ATTACHMENT2
STABHQARIIINHHERNVIRINR}

¢—1 l flflfl HIRE I-R® TRA1:SCE]VER CONTROL PANELHi D- MFA |

Mike Input ]Lo 9-: MP3: ] (E) To HikePTT D- MPB Oj-

KEY Event D-5 MPD1 o--—--—---—-- I To Flight Recorder
¢-2| Future spare MPA2 o
¢-4 I Mike Input (rind) D-5 me o———@

¢_2l Future Spare MPC2 0Future Spare HPD2 0
Optional Hi D-5 HPA3 o———~——o 5

¢_1 (Remote squelch) ]ARM D-3 MP3; ojo 6Lo D- MPC ojo 7
Bl: Ground D-0.1 MPD3 o——o 14 D.C. Ground

¢-2| Future spare MPA4 c
C-41 Audio Ground D-5 MPB4 0»---— G)

¢_2| Future Spare HPC4 0
Future Spare 5 HPD4 oData Input Hi D- MPA5 To Data Link
Data Input ]1.o D-5 MPB5 @

¢—5 I Reserved MPC5 nee 3
(;-9I 8.33 kHz Program MPDS o::o 4 I

Future spare MPA6 0
Future Spare (Contact) <3 HPB6 o

¢'2 Future Spare MPD6 0
Future spare MPD6 o

Freq./Funct ]A D-5 HPA? : 17¢-1 Sel.Data up PortB B D-5 MP3? V 18 I
Voice/Data Select D-5 HPCT o——o 16
Data Key Line D-5 MPD7 o——— 1 To Data Link
Future Spare MPA8 o

¢‘-2 Future Spare (contact) MPBB o
Freq. Offset Enable D-5 MPC8 o—— 1

(1-1 I Data ggylme Return D-3 1 HPD8 o——— 1 To Date LinkSDI C" 2 Input D- . MPA9 o—-

°‘5| ] (3) n-0.1 MPB9 o——] ,,Ground D-0.1 HPc9 0:
Reserved for Act: D-0.1 HPD9 0: 1

Future spare HPA10 0

¢_2 Future Spare (contact) MPB10 0
Future Spare MPC1O a
Future spare MPD1O o '1

Freq./Funct. A D-5 HPA11 : 21¢-1 Sel.Data I/P Pot-tA ]B D-5 MPB11 '._, 22 To Frequency control
Suggested Spare #3 D-5 HPC11 ojo 19
Data Select Discrete D-5 MPD11 0?-o 24 To Frequency control
Future Spare HPA12 o -

¢_2 Future Spare (Contact) MPB12 o
Future Spare MPc12 0
Future Spare HPD12 o I

SELCAL Audio & ]H1' D-5 MPA13 To SELCAL &Data Output Lo D-5 MPB13 ._, Data Link
squelch Disable D-5 I’-IPB13 ojo 8

2| squelch Disable Return D-5 MPD13 ojo 9C— Future Spare HPA14 0
C-3 I Ground/Air Discrete D-5 MPB14 "
¢_2 Future spare HPc14 0

Future Spare HPD14 0
Audi o/sidetone
Output Hi D-5 MPA15

Audiolsidetone ] _ l
output Lo D-5 HPB15 ,

Muting D-5 HPC15 0-: ] Customer OptionMuting Return MPD1S 0:
Antenna RF Input BP1 o-— To Aircraft Antenna
Power Input +27.5 vac 10-0.‘: 392 10A (2.) 27.5 voc
spare BP3 o
Power Input Ground 10-0.1 BP4 4):“-
Not Used - BP5 o
Volune Lo D-5 o 10 o—

]ARM D-5 o 11 o——— ] Customer OptionalHi" D-5 0 ‘I2 o—
28 VDC Power In 2.5 o 13 o—
Voice/Data I-lode Annun. D-S o 15 o——-
5 VAC Panel u

Lights Hi 0.2-1 0 1 o——— Panel Light

5 vac ] ]Panel Lights Lo 0.2-1 0 2 o— Supplies
Reserved

Transfer Light 28 VDC dinmable o 20 o-——
¢‘5 Reserved . BOEING "

Test - Transfer Light and Static Displays 0 23 o——— @
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ATTACHMENT 2 cont’d

NOTES APPLICABLE TO THE STANDARD INTERWIRING

Source/Destination Identifier (SD11 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.

J W
Open
Open
To MPC9
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
-connector into the COMM Transceiver, despite 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 (’I'P) of
the equipment connection to functions required
specifically to support automatic testing in the
workshop 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—n1ounted 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 refers.

<3

<3

Eour Wire Microphone

Pin MPB1 provides the return pin for microphones
having separate PTT function to achieve PIT
function isolated 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 its use
affords, they will quickly point out that these savings
are rapidly nullified by maintenance costs if frequent
breakage occurs.

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

Both installation and equipment designers should give
due regard to special cases wherein parallel or series-
parallel connected 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 {Contact}

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

¢-2

BOEING
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y ATTACHMENT 2 [cont’g)

s_1.r'__°t  :

(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
0 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.

(-2) 4-Wire Mike Grounding

Pin MIPB2 is connected internally to pin MPB1. The

L ¢_6 microphone circuit can be grounded by either of the I
three following methods:

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

E b. Pin MPB2 can be connected to SPASE, or '
c. Pin MPB1 can be connected to SPASE.

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

F‘; {0} Control Panel Lamps I

; For Control Panels utilizing liquid crystal displays,
' ¢—5 a “ground” on Pin 23 initiates a test of static

' displays.

@ 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.

E {E 833kHzPmggg

3 ¢"9 See Section 4.2.1 Control Panel Programming.
t I 1

Cl |
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ATTACH M EN T 3

RECEIVER SELECTIVITY
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ARINC CHARACTERISTIC 716- Page 16

ENVIRONMENTAL TEST CATEGORIES

The following RTCA DO-I60 categories apply to the environmental specification of the
ARINC 716 Comm Transeiver:

_ UNIT LOCATION

Environment _ Section Rack Cocit Skin of MC

1 A1

2

ATTACHMENT a
iII

Temperature -5: Altitude 4 CAT A CAT CAT D2
Temperature Variation 5 CAT C CAT C CAT A
Humidity 6 CAT A CAT A CAT B

Shock 7 CAT A I CAT A CAT BVibration 8 CAT 0 or B* CAT K or A* | CAT 3 or C*

Explosion 9 CAT X CAT X 5 CAT E

Waterproofness 10 CAT X CAT X N CAT W
Hydraulic -Fluid 11 CAT X CAT X 3 CAT H

Sand 6: Dust 12 CAT X CAT X g CAT D
Fungus 13 CAT X CAT X g CAT F

Salt Spray 14 CAT X CAT X l CAT 3
Magnetic Effect 15 CAT X CAT X i CAT X
Power input 16 CAT A CAT A ? CAT A
Conducted Voltage Transient 17 CAT A CAT A CAT A
Audio Frequency Conducted i8

Susceptibility
Induced Signal 19 CAT A CAT A CAT A

Susceptibility
Radio Frequency Susceptibility 20 CAT A CAT A ' ----

(Radiated dc 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
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ATTACHMENT 6

STANDARD "FOUR—\T/IRE"

MICROPHONE INTERFACE

MP

——-- -—--lI
l
II
I
I
I

 

 

 

I
II
II

III
I
JI

—.- .sM.se- “ , Audio 2003-
L - - In Ground

,. 15-13 men - Excitation

: ® Chassis
Ground

Flight Rec (Key Event)

* Data Keyline

{when Used) 1. Data [
input ~ » Ch . T_ assis o

* Selcai dc Data I: _ Ground Speech
Output - Amplifier

Audio 6: I I -1Sidetone ‘

Output I ' ' '

* Data Keyiine Return

ae voice/Data Select To Voice/Data Select Logic

* Freqfbata Port A [
* Tuning Source Select (Ground Select Port A)

Freq/Data Port B I:

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 audio input may be used provided that the input impedance between pins MPAI and
MPBI is 150 ohms.

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

a. Pin MPB2 can be jumpered to pin MPBIL to obtain internal grounding, or
b. Pin MPB2 can be connected to SPASE, or
-3. 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 MPB50.

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

EX. 1041, p. 38



BOEING
Ex. 1041, p. 39

 
wt

¢-Ii

REPLACEMENT PAGE REVISED: August 15, 1980

ARINC CHARACTERISTIC 715 - Page 19

ATTACHMENT 7 " :

Control Panel Guidelines

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 Vi-[F Comm
frequency display, essentially in the center, with two
selector knobs, one on each side.

1.2 Frequency Selection 6: Disglay

The frequency selector should extend through the range
ll8.0 through l35.975 ME-iz. Suitable switch wafers,
conforming to the requirements of ARINC Specification
No. #10, to cover this frequency range in 25 kHz ~ I
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/ll" numerals and - I
would 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 Tyges K I
The "Standard Control Panel" should utilize a MIL.-C-

33723, Series 3—type connector (M83723-72Rl62!+N)
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. |

1.1% 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. I

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 integral 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-
No. 410, to meet the specific requirement of the_
customer.

BOEING
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ATTACHMENT 7 (cont'd)

STANDARD CONTROL PANEL OUTLINE DRAWING

  

NOTE: The positions of the controls and display are not shown in order to
allow design flexibility.
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ATTACHMENT 8

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 5+0 microvolts per meter across the VHF COM receiver
input. (It should be noted that Annex 10 specifies a wanted signal strength of 75
microvolts per meter for VHF COM, and this value should be satisfied "on a high

- percentage of occasions" (Annex 10, Volume I, Part 1, paragraph 4.7.2.1). In
practice-there are a significant number of occasions when VI-IF 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

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.

BOEING
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ATTACHMENT 9

 

 

¢-6

TYPICAL TEST PROCEDURES

AUDIO OUTPUT

Unit Under Test —--LRE1

a) select R1, adjust input and unit under test for desired output level V1 (up to
rated output)

b) select R2, adjust R2 for V2 = .9 V1

c) z = 60 R
o 5 ‘ E 2

FIGURE 2

Unit Under Test

a) adjust and maintain signal source (G) at V1 = 30 mv

b) adjust R1 until V2 = V2 V}

C) 20 = R1

BOHNG
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LJL__; - ATTACEEMENT 10
RECEHflflSELECTHflTY

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

 
 

+ 8 330 I
E ' Hz

2 Doppler
(286 Hz)

E I

§ Transmitter inslabitity
(685 H z)

Receiver instability

(685 Hz)

:tJ_ '

_ i IL!

Ground instability (137 R2)

+ Doppler (140 Hz)

Receiver instability

C‘ (685 Hz) :

E I

%\
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ATTACHMENT 11
TRANSMITTER SPECTRUM MASK

ATTENUATlON

NBC)

-10

-20

-30

-40
.uHu

-50

-60

-70 -80

14151613I2I110

FREQUENCY OFFSET FROM CARRIER (kHz)

PREFEHABLE VALUE
fl

 

A MINIMUM VALUE 0
/

 
U er bound :

mdV
6

mmosmmmmtm_._
mmmm

Am.mV

nwossmmm.m..h.4.._
Jfiwuu

HmA

ommmmmfinsfizF1
Frequency is specified in Hz deviation from the channel center (on both sides), and the attenuation is specified in dBc.
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"' ‘ Appendix I PART I
EXCERPTS FROM

INTERNATIONAL STANDARDS

AND RECOMMENDED PRACTICES

AERONAUTICAL

TELECOMMUNICATIONS

ANNEX 10

TO THE CONVENTION ON IN'I'ERNATIONAL CIVIL AVIATION

VOLUME I

(PART I-EQUIPMENT AND SYSTEMS;

PART lI—RADIO FREQUENCIES)

“mum EDITi0N or VOLUME I—JULY 1972

4.5.--Air-Ground VHF
Communication System

The design polarization
of emissions shall he vertical.

4.7.2.— RECEIVING FUNCTION

Ll Characteristics * _ _' ‘ _ 4.7.2.1 Senszvtty.
4.5.1 The characteristics of the 4'7-‘systtem Ch“-mctensflcs

ah__émum[_ VHF communication system of the Airborne Installation RECOMMENDATION.-2-ifter tine m'!r:zw-
used ‘in the International Aeronautical M.“ has been mm.“ for “mm” fee er

. . . . 4.7.1.—Tn.ANsMI'1‘TING FUNCTION mismatch, attenuation loss and antennaMobile Service shall be In conformity . - . . . . .
with the following 5pccifications- polar diagram variation‘ the Smsmmy of

' 4.7.1.1 Frequency stability. The the receiving function should be such as to

Cl .|_5_1,] Rad1ote]ep1-mug emis- radio frequency of operation shall not vary provide ona high percentage ofoccasians an
‘ 5j.,n5 she]; be continuous wave (cw) more than plus or minus 0.005 per cent audio output signal with a warttedl

_.m,p1jmde modulated carriers (A3)_ from the assigned frequency. Where 25 kHz -unwanted ratio of 15 dB, with :25!) per cent
_ - l ‘ _ channel spacing is introduced, the radio amplitude modulated (A3) radio signal

4--'-‘-1-2 Spurious 613113510115 Shall frequency of operation shall not vary more having a field strength of 75 microvolrs per
be kept at the lowest value which than plus or minus 0.003 per cent from the metre {minus 109 JBW/M2).

m_____
the state of tcclmique and the nature of
the service permit.

Note. —/lppcndix 4 to the Radio Regulations
contains the tolerances for the levels ofspuriaus
emissions to which transmitters must conform in
accordance with RR .324 7/6 72.

4.5.1.3 * The radio frequencies
used shall be selected from the radio
frequencies in the band 117.975 MHz to
1.36 MHz. The separation between assign-
able frequencics (channel spacing) and fre-
quency tolerances applicable to elements
of the system shall be as specified in
Part II, 4.1.2. and 4.1.6.

llole.—The band 117.975-132 MH: was
_.: cared to the Aeronautical Mobile (R) Scr-

assigned frequency for new transmitters
installed after 1 January 1974 and for all
transmitters after 1 January 1981.

4.7.1.2 Power. On 21 high percen-

tage of occasions. the effective radiated
power shall be such as to provide -.1 field
strength of at least 20 rnicrovolts per metre
(minus 120 clBWfm2) on the basis of free
space propagation, at ranges and altitudes
appropriate to the operational conditions
pertaining to the areas over which the
aircraft is operated.

4.7.1.3 Modulation. A peak modu-
lation factor of at least 0.85 shall be
achievable.

Note.-For planning extended range VHF
faciiities. an airbome receiving fitnction
sensitivity of 30 microvolts per metre may
be assumed.

4.7.2.2 Effective acceptance band-
width for I 00 kHz, 50 kHz and 25 kHz

* ARINC STAFF NOTE

See Amendment 63, page 42
of this document

vice in the Radio Regulations (194 7). By sub- 4.7.1.4 RECOMMENDATION .-
5"’3"“""."""'5"°"5 Of ‘he R93“l“”°"5 ‘" WU Means should be provided to maintain the
World Administrative Conferences the band ad I . I. H I. M“.132-136 MHz was addedto the (R) allocation m"=’$*~’ '" "“'°"_ “W “ '9 "3_ p.65,66
under commons which differfar JTU Regions, practicable value without ovel-modulation. R 61
or for specified countries or combinations of ’
countries. BOE I N G
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Part l-—Equipment and Systems .

channel spacing receiving installations. The
receiving function shall ensure an effective
acceptance bandwidth as follows:

a) Until 1 January 1974 and in areas
where off-set carrier systems are em-
ployed, the receiving function shall pro-
vide an adequate audio output when the
signal specified at 4.7.2.1 has a carrier
frequency within 15 kl-lz of the assigned
frequency.

17) After 1 January 1974 and in areas
where off-set carrier systems are em-

ployed,_ the receiving function shall pro«
vide an adequate audio output when the
signal specified at 4.7.2.1 has a carrier
frequency within 3 kHz of the assigned
frequency.

c) In areas where off-set carrier systems
are not employed, the receiving function
shall provide an adequate audio output
when the signal specified at 4.7.2.1 hasa
carrier frequency within plus or minus
0.005 per cent or the assigned frequency.

4.7.2 .3 Adfacent channel rejection.
The receiving function shall ensure an effec-
tive adjacent channel rejection as follows:

a) 25 kHz channel spacing environ-
-ment: 50 dB or more at plus or minus 25
Him with respect to the assigned fre-
quency and 40 dB or more at plus or
minus 17 kHz;

b) 50 kHz channel spacing environ-
meat: 50 dB or more at plus or minus 50
1:11: with respect to the assigned fre-
quency and 40 dB or more at plus or
minus 35 kHz;

c) I 00 kHz channel spacing environ-
ment: 50 dB or more at plus or minus 100
kHz with respect to the assigned fre-
QUBECY.

4.7.2.4 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, 50 kHz

and 10¢) kHz respectively.
Note.--Flequency planning is normally

based on an assumption of 60 dB effective
adjacent channel rejection or plus or minus
25 kHz, 50 kHz or 100 kHz from the
assigned frequency as appropriate to the
channel spacing environment.

4.7.2.5 RECOMMENDATION.-'

In the case of receivers complying with
4.7.2.2 used in areas where off-set carrier

systems are in force. the characteristics of
the receiver should be such that:

a) the audio frequency response pre-
cludes harmful levels ofaudio heterodynes '
resulting from the reception of two or
more off-set carrier frequencies;

1:) the receiver muting circuits. if pro-
vided, operate satisfactorily in the pre-
sence of audio heterodynes resulting from
the reception of two or more off-set
can'ier,fi-equencies.

4.8.--SE1.-GAL System *

$8.1 R'E.COMM'END.A'l‘ION.-

Where a SELCAL system is installed,
the following system characteristic:
should be applied:

a) Transmitted code. Each trans-
mitted code should be made up of two
consecutive lone pulses, with each
pulse containing two simultaneously
transmitted tones. The pulses should
be of 1.0 plus or minus 0.25 seconds

. duration, separated by on internal
oi 0.2 plus or minus 0.1 second.

b) Stability. The frequency of trans-
mltled toner should be held to plus or
minus 0.15 per cent tolerance to ensure
proper operation of the airborne de-
coder.

c) Distortion. The overall audio
dlsiorsion present an the transmitted
r-f signal should not exceed 15 per cent.

d) Per cent modulation. The r—f
signal transmitted by the ground radio
station should contain, nrlthin 3 dB,
equal amounts of the two modulating
tones. The combination of tones should
result in a modulation envelope having
a nominal modulation percentage as
high as possible and in no case loss
than 60 per cent.

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

TABLE or Toma FREQUENCIES

Dcsr'guult'on Frequency
(Hz)

Red A 3126
Red 3 346.?
Red C 384.6
Rod D 426.6
Rod E 473.2

Designation Frequency
(H5)

Red F 524.8
Red G 582.1
Red H 645.?
Red J’ 716.1
Red K 794.3
Red L 381.0

Red M _ 977.2‘ls

Blue A 323.6
Blue B 358.9
Blue C 398.1
Blue D 441.6
Blue 13 489.3
Blue F 543.3
Blue G 602.6
Bhtc H 668.3
Blnc .7 741.3
Blue K 822.2
Blue L 912.0
Blur M 1011.6

Yellow A 335.0
Yellow B 37l.5
Yellow C 412.1
Yr.-llorv D 457.1
Yellow B 507.0
Yellow F 562.3
Yellow C 623.7
Yellow H 691.8
Fella-to J‘ 767.4
Yellow K 851.1
Yellow L. 944.1
Ycllrrw M 1.0-47.1

Note 1.--It should be noted that the
tones in any one colour grouparc spaced
by Log-1 0.045 to avoid the possibility
of lrortnorric combinations.

Note 2.-In accordance with the op-
plz'::atr.'0n pr1'nciple.r developed by the Sixth
Session of the Corntnrtrtlcallorls Division,
the only codes at present used interna-
tionally are selected from the red group.

Nole 3.-—Gnidoucc material on the use
of SELCAL systems is contained in At-
tachment D to Part I.

*ARINC STAFF NOTE

See Amendment 63, page 42
of this document ‘\

235174
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Chapter 4. Utiliiation
of Frequencies above 30 MHz

c) the need to provide for co-ord:’na-
tion between :'ntm:at:'onal and ttaliollal
utilization so as to cnsnrc -mutual pro-. . . 9:‘ .

4-1-‘Ut1h53t'°“ tectlou from nIll't"f£'7‘(.’tln.‘u7,'in the Band 117.975 --136 MHZ

_ __ d) the need for providing a frame-
l"tr°‘"'“'"°" zcvorla for the integrated devclapntctat

The band 118 - J32 Mt’-Ia was allocated ‘ll R‘9‘°”“’ P’“"“""
in 1947 by the Atlantic City ITU Radio

Conference, ami again in 1959 by the _ . b '1!
Gem“ C,,,,fe,.e,,,,, gm; M-1;, extension In any gronp of frcqttcnczcs to‘ c use_
downwwds to u7__975M1;1z' for the exc1u__ tlxasa now m. use for mternatwnal arr
sive use by the Aeronautical Mobile (R) “"""“r' ‘
Service. 171:’: Chapter of Annex 10 deal:

a) the dr.s:'rabilz't3.- of incorporating

 

with Standard: and Recommended—Prac::'ces
relating to this band and includes matter:

pertatrring to the selection of particular fire-
quancies for var:'ous- aeronautical purposes.
These Standards are introduced by the fol-
lowing preface, which sets out the prin-
ciples upon which the utilization of VHF on
a world-wide Basra with due regard to
economy has been planned.

l TU Radio Con-frrr‘Hcc.r subsequent tn
5'94? also marlc taro-c'I'sI'or1.t for the use
af llrr band 133-136 MHz for the
.~‘lrronant:'cal .-‘lloblla (R) San-:‘.;-g under

corzdltions zc-ltirlz vary for the dtfercnt
[TU Regions, conntr:'¢'.t or combinatirm of
comrtrles. Tho trtflfsation of tin‘: band has
bacu frlcludcd in the Allotment Table in

tin‘: Clraptcr; hon-c-z-cr, it should be kept
in urinal that the use of frequencies of the
band 132- 136 .‘lf.Fi:: must take account of
the conditions containcd in the notcs
agairtst tlu'.t band -in the ITU Allocation
Table.

Preface

The nt:'l:'::atian of VHF on a world.
wide basis -zoitlr due regard to economy
and practicability rcqnfrcs a plan that
will talzc into arcarmt:

a) the mod for an ordcrly evolution
tom:tra'.t lnr,t:ro-z-rd operation and the
rcqarirca‘ tlt‘grc'c' of zvorlzl-zvlzlc stan-
dard:'satian_.-

b) the dcsirolu'l:'t_\' of providing for
an ccanoml: tnmsitlon from present
m't'l1'::atl'an to o,htr'n:mrr trtillsatiatt of
the frcqtn-nc1'¢'.s' a:'or'labl¢', takirug into
account tlrc maximum possible nu'll::a-
lion of c.vr'str'ng eqm'{-mcnt;

*ARINC STAFF NOTE

f) tho need for leeepiny the loldl
number of fraqrrcncics and their group-
ing in appropriate relation to the air-
borne eqm'pmcnt known to be 9.'t'ld£'l_\‘
used b_1,-.lntcrnatz'onal air services.‘

g) a requirement for the provision
of a sirxglc frequency that may be used
for emergency purposes on a world-
wide basic and, also, in certain regions,
for another frequency that may be
am! as a common frcqltaazcy for spe-
cial purposes,"

h) the need for pro:-{ding sufiicfant
flexibility to allow for the difiicranccs
in application ntcccssitatad by regional
cottditlons.

4.l..1.—-GENERAL ALLOTMENT
or FREQUENCY BAND 111975-136 MHz

Note.—Tlu- _t:lan :'nclua‘as a general
Allotment Tabla that subdiz-idc: tlrc (.'0t_n-
filatc band 117.975-136 .\lHs, the chart
.ml:dr'z*:'.n'on.s ltclng tlm bands Of l"¢‘Q"¢'"'
ric: allocated to ball: national and int¢'r-
national .scrt.'iccs. and the‘ bands alla_lrata'.d
to national .ser'z1'cc.r. Obscn-mica U1’ ll"-9
_r:ram'al slrlarlit-f.n'on should l2acp_ tn_ a
tninimmu the problcnr of ca—ortlI}!al1|ll.l
natr'onal and internattonal apflzcatuon.

The block allotment of tl1e frequency
band 117.975-1.36 Ml-Iz shall be as
shown in the following table (sac box
on page 78).

4.1.2.-FaEQL'Excs' SEPARATION‘ AND
Lmtrs or Assucxanuz Fnaoumcras

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 50 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 haxmful interference to users of equip-
ment designed for 50 kHz channel spacing
and provided that operational requirements

P‘ ‘-47 so dictate, for facilities providing primary

See Amendment 63’ page 42 means of commumcatxon.
of this document _21;11/so
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.-\r.r.o1'.-at-:.\'r T.-\BLl-‘. (rte -t.I.Il

Black allotment

offiequerrcier
(MR2)

World-wide
rulmtctinrr

g} 118 to l2|.4 International and National
inclusive Aeronautical Mobile Ser-

vices

Emergency frequency

4:) l2l.6 to l2l.9‘lS Intemationai and National
inclusive aerodronte surface corn-

ntttnlcations

:1) I22 to 123.05 National Aeronautical Mo-
inchrsive bile Services

e) l23.l Auxiliary frequency SAR

1) 123.15 to |23.615 National Aeronautiml Mo-
bile Service

3) 123.‘! to 129.675 International and National
Aeronautical Mobile Ser-
vices

Ir) I293 to 130.875 National Aeronautiml Mo-
bile Services

is

9 130,9 to 135,975 International and National
Aeronautical Mobile Ser-
vices

21'] I H80
Nu. 6|

Specific international allotments
will be determined in the light
of regional agreement. National '
asstnments are covered by the
provisions in 4.1.5.10.

In order to provide a guard band
for the protection of the aero-
nautical emergency frequency.
the nearest aatbnlbie frequen-
eieson either side of 121.5 Ill-Ir
are t2l.4 NH: and l2l.6 Mllz.

except that by regional agree-
ment it may he decided that the
nearest assignable frequencies
are 121.3 NH: and 121.1 MHz.

Reserved for ground rnotrernent.
pre-flkht checking. air traffic‘
services clearances. and asso-
ciated operations.

Reserved for national allotments.

Sec 4.I.6.|

Reserved for national allotments.

Specific international allotments
will be determined in the light
of resional agreement. National
asstgnnsents are covered by the
provisions in 4.1.5.10.

ltesmed for national allotments

but may be us-.d in whole or in
part. subject to regional agree-
ment. to meet the requirements
mentioned in d.l.I.l.3.

Specific international allotments
will be determined in the light
of regional agreement. National
assignments are covered by the
provisions in 4.|.$.l0.

(See remark it the Introduc-

tion to Chapter 4 regardktg the
band 132 — 136 Ml-Ir.)

4.l.2.2 After I July 1916 and
until I January I917. the minimum separa-
tion between asfignable frequencies in the
International Aeronautical Mobile Service
shall be 25 ltflr in those areas where such

channel Slncing has been introduced by
regional agreement, and the minimum sepa-
ration between assignable frequencies shall
be 50 kHz in all other areas. After I January

I977. the rninirnum separation between
assignable frequencies in the international
Aeronautlal Mobile Servit: shall be 25
kHz.

Note I. -The intent of this paragraph is to
allow share their engaged in apenrrianr In
trees where 25 R clrcrurcl spacing will not
be lnmsducedprhr to I January I977. an
odrlriotll period oftime in which to 1: feet
the required airborne equipment flec-
rrorrr rreeerury to aperlre in e 25 kHz
clrerntel srarclngeurtrnnrnenr.

Note 2.-Ir tr remgrrtred than a rat I My
l976and even after llerruary I9 7fn some
regions or arm. I001.-Hr or 50 kit: channel

id‘! at ntber

 '""".;'$’r;'i.ry .".‘i.:..r“'3.l‘f.r"“.....rt,..‘.’.iI
nariorarl air services and that equipment

derigrsed spec! J00 til at .50 Hi
channel rpc/3"’ Or'errrrfll aéeqlrera fa:
emit-er opemtrr: wtrlrlnr such regions orareas.

4.1.2.3 Until at least 1 January
1985. equipment speciflmlly designed for
25 Ill: channel spacing dultbe safeguarded
with respect to its suitability for the Inter-
national Afionautioal Mobile Service.

4.1.2.4 ¥ in the hand 117.975 — I36
Mlle, the lowest assignable frequency shall
B 313 MHZ and the highest l3§.975 MHZ.

4.1.3.--Fnt=.qt'r.n'ctr.s
L’sr:o roar PARTICULAR Ft'.\'r:rrorrs

4.1.3.] Emt'r,(mr:_\' rharrncl.

«l.|.3.l.l The emergency channel
(lZl.5 .\ll-fr.) shall be used only for
genuine erncrgeucy purposes. as broadly
mttliued in the following:

it) to provide a clear channel be-
tween aircraft in distress or emergency
and a ground station when the normal
channels are being utilized for other
aircraft:

M to provisle a VHF communica-
tion channel bctwccn aircraft and aero-

drornes. not normally used by inter-
national air services. in case (If an

csrtergetrcy conrlitiort arising:

rl tu pros-inlc a common: VHF com-
trrttnicatiun channel between aircraft.
either civil or military. and betu.'cr.'1t
such aircraft. and surface services.
inmlt-eul in cornnron search and rescue

*ARINC STAFF NOTE

See Amendment 63. page 42
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operations. prior to changing when
necessary to the appropriate frequency:

ti) to provirle air-ground communi-
cation with aircraft When airborne
equipment failure prevents the use of
the regular channels;

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

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

.-Vote 1.—Thc use of ill: frequency 121.5
.l1H.:.' for the purpose outlined in c]
about is to be avoided if it ittlcrfqres in
any rt-cr_v saith the cfiicicnt ltandlmg of
distress irofiic.

Note 2. — The current Radio Regulations
make provisions that the aeronautical
emergency fl-eqttency 121.5 MHz may also be
used by mobile stations of the Maritime Mobile

Sb€l'l;'$t?, using }43 emission to cornmuizticate ont is ucncy or so ety purposes wit stations

3/‘ theegeronautical Mobile Service (RR 5'572/73, 6651.-H968 and 6652l969).

4.1.3-.1.2 The frequency of 121.5
MHz shall be provided at:

a) all area control centres and flight
information centres, and

b) aerodrome control towers and
approach control offices serving inter-
national acrodromes and international
alternate aerodromes.

where the provision of that frequency is
considered necessary to ensure immediate
reception of distress calls or to serve the
purposes specified i.n 4.13.1.1.

4.1.3.13 RECOMMENDATION.-—

The frequency of 121.5 MHz should be
provided at any additional locations where
such provision is considered necessary to
ensure immediate reception of distress calls
or to serve the purposes specified in
4.1.3.1.}.

4-.l.3.1.4 The emergency channel shall
be guarded continuously during the hours of
service of the units at which it is installed.

4.13.1.5 The emergency channel shall

be guarded on a single channel simplex
operation basis.

4.1.-l.—.-\L'xIl..l.-\R\' FREQUENCIES
son SEARCH AND Rescue Opunarroxs

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.l.l c), the frequency 123.1 MHz shall
beused.

ARINC CHARACTERISTIC 716 — Page 25

l.l.5.—Pnovrsto:<s Coxcennrso TI-IE

DEPLOYMENT or VHF FREQUENCIES
AND rue .-kvoroazsce or HARMFUL

INTERFERENCE

4.1.5.1 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
operational requirement 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.

4.1.5.2 In the case of those VHF

facilities providing service beyond the radio
horizon, except where there is an opera-
tional requirement for the use of common
frequencies -for groups of facilities, planning
for on-channel operations shall be such that
points at the protection heights and at the
limits of the functional service area of each

facility are separated by distances not less
than the sum of distances from each point
to its associated radio horizon.

Note I. -The distance to the radio horizon
flora a station in an aircraft is normally
given by the formula:

D-‘.=K\/h-
where D = distance in nautical miles;

h =her;ght of the aircraft station
above earth:

K = (corresponding to an effective
earth ‘s radius of 4/3 ofthe
actunlradius}

= 2.22 when his expressed in
metres; and

= 1.23 when it is expressed in
feet.

‘Note 2.—In calculating the radio Iine-of-
stght distance between a ground station and
an aircraft station, the distance fir-om the
radio horizon of the aircraft station com-
puted frorn Note 1 above must be added to
the distance fiom the radio horizon of the
ground station. In calculating the latter the
same formula is employed. taking for h the

height of the ground station transmittingan enno.

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-
clfonnel air-to-air interference. Guidance
material relating to the establishment of
separation distances between ground sta-
tions and between aircraft and ground sta-
tions for co-channel operations is contained

in Section 3 of Attachment A to Part II.
Guidance material relating to adjacent chan-
nel frequency deployment is contained in
Section 2 ofAtrach men: A to Part 11‘.

Note 4.—Gr.u'dance material on the inter-
pretation of-4.1.5.1 and 4.1.5.2 is contained
in Attachment A to Part 11.

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 rnaterial covering separa-
tion distances and related system charac-
teristics is conurined in Attachment A to
Part II.

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.

4.1.5.5 The protection height to
be applied to functions or to specific facili-
ties shall be detetrnined regionally. taking
into consideration the following factors:

a) the nature of the service to be
provided;

11) the air traffic pattern involved‘,

c) the distribution of communication
traffic;

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

a) 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
some fitequency should not be less than that
necessary to ensure that an aircraft at the
limit of the functional service range and the
operationally desirable protection height of
one facility does not come-above the radio
horizon with respect to adjacent facilities.

Note.--The e fear of this recommendation
is to establis a geographical separation
distance below which harmfitl intérfercnce
is probable.

4.1.5.7 The geographical separa-
tion between VHF VOLMET stations shall

be determined regionally and, generally,
shall be such that operations free from
harmful interference are secured at the

highest altitude flown by aircraft in the area
concerned.

Note. —Guidonce rnateriol on the inter-
pretation of 4.1.5.7 is contained in Attach-
ment A to Part II.

25/11/32
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‘ml. 75-1'36 Mlle) must

4.1.5.3 when utilizing 25 kilz
channel rpeoinz prior to! My l9‘l6.Ilonc
intetnrtlonrl air routes and at locations
net-vine international air services. nleetlvlty
dtnructaislicl of airborne equipment

designed for Sokllz channel epacing shell be
taken into recount In frequency deploy-
ment in order to avoid harntiul interference

at.tretlby‘2Skl'lzdtannclIpIciIIIv

4.1.5.9 Frequencies it the aero-
nautleal mobile VI-IF land need for national
services. unless woritl-wide or regionally

allotted lothisrpecliie|tutpo:e.tluIlbero
deployed that rttlnitnum interference is
caused to facilities [or the international at
service; in this hand.

4.-1.5.10 Rl0OllI|lNDA'l‘1ON.—

The prouetn of inter-flue interference on
fleqttencie: allotted uorld-wide or on a
rq-tonal battle to lflflDlllI.la‘lI7ll¢l. rhoutdlte
resolved by oottntltatlon between the
Admltttttratlont concerned.

4.1.5.1! The eomtnnnieation cover-

age provided by I VHF pound tnnsmllter
shall. in order to avoid hmnftll interferenw
toother statténs.oat:opctottteuatnhuu:a
consistent with Ilteopenttionsl requirement

. for the furtotioll.

4.1.5.12 RlGOIfllENDt|.’1'10N.-
For pound VHF facilities whtch pt-ovfle
service beyond the radio horizon. any
tpttrlour or harmonic radiation outside the
band pit: or rntntte 230 I'll: fiotn the
assigned carrier fi’¢qll¢l'lt'-‘JP should not
exceed an efleettre radiated power of I
tntllluotttnonyetlttntth.

4.1.6. —Equtt-Mtanr REQUIREMENTS

Note I. —Frequenc,v tolerance: to which sta-
tlonr a tin; in the ttetonattttcal ntoblle bandornt are con-

tained tn Appendix 3 to the ‘ llegulotittnr.
Tolerances for nottetnlttert tttedfitr aerotttttttt-
cal tertvtcer one not tnentloned in Anna: 10.
except in those cases where tlxhter tolerances

than those ¢‘0lrleltt'l'lltg'l'l! the Radio Regrtlatggare required .:. utpmetlt specific!!!
in Part I contain et.-uera such tnetotteerl.

Note 2. —ThefieaItency tolerance applicable
to r'ttdt'w‘duol components of rt mutt!-carrier or
similar rystent will be deternttned by the charac-
tert'.rtt'c: of the specific system.

4.1.6.! REOO1t1!llNDA'110N.-

The antenna pin ofan extended range I'll)‘-'
ficlltty should preferably he state as to
east.-e that, beyond the limits of plur or
tttlnttt 2 ¢ about the centre line of the
angttétr width o of the area to be served. it

2'I[l H30
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dounotettceedsdflaboretharofadtpole.
Mt. lnany out. lnhouldbetuehuto
ettatre freedom porn hatnful lttterferenee
wtthotherradtotenltet.

Note l.-The actual (zltrnrth, the angular
width 0 the rervlce tree. and lheefeetlve
rodht ttottld have to be 1' into
eceottttt «eh tittllttldual ear.

Note 2.-Gttldtnee material on the inte-
prenttlon 0 4.1.6.! it entrained in Attach-
tnerltai to ll.

t.t.'l.--ttr:'rtrol:t or orunrtott

4.1.7.1 Sinai: channel titnplex
operation dun he not! in the VHF band
111.975 Ill-lz. to 136 Mile at all stations

atproviding for ritual‘! engaged Interne-
tionalnlrnrvhtlon.

4.1.7.2 In addition to the above.

the ground-unit voice elunnel eaoelated
with an ICAO llndard rltlln navigational
nitlnuylreoted.ntbiecttoregionela;ree-
tnent.tor btoadenttoteomnntnlcationpttn
poretorltotlt.

9(-
4.I..8.-PLAII POI. TI-II AL‘laO‘l'|IlN'l‘ OI‘
S?IClf!C VHF RADIO FREQUENCIES
FOI Ull IN ‘I'll! INTERNATIONAL
AIIOHAUITCAL HOIILI SERVICE

ltttrodttetton

Tltlr plan designate: the list offrequettcter
marble fitr aretgntnent. together with
ptovtsiott for the are by the ttttentattonal

- Aerottttuttatl Mobile Service ofalt fiequette
cler with a channel spacing of 2.5 kHz. with
the _freqItertcr'erin Group A continuing to be
used wherever they provide tt atfficlettt
number to meet the apfllttonal requie-
ntetttt.

The plan provide: that the total number
of fiequencle: required in any region would
be deterntlned regionally. The effect of thit-
wlllbethotfiequatcinaufimbleflla
ptrtlatlar region may be rendered to a
limited rtuntber of the fleqrtettele: in the
lot. the acute! tttttnbtr being telected at
outlined herein.

In order that the assignable fiequencies
may be no-ordlttated between regions as far
at practicable. the plan requires that. when-
ever the number affreqtleflciet eontainedln
Group A of -t.l.8.l.2 it atffictent to meet
the requlretnentr in a region. the frequencies
of this poup be ‘used in the reqttenee
comrnent.-tn; with 118 Mlle. This ensures
that all regions trill have in common the
frequencies used in the region requiring the
tear: tnttnber of fieattettt.-let and. it respect
to any two tegionr. the region with the
greater nutnber tttfl have in use all the

fiemtenelet used by the other. Group A
provider fitr fnqtteney platuting based on
100 Hi: channel epeelttg.

Group I of the lite at 41.8.1.2 contains
the flequerrelet tn the band I! 7.975 - 132
Mile ending in 30 kHz. Together with the
fieattetteiet in Group A, they provide for
frequency planning bated on 50 We chan-
tteltpoelng. lttllrottp Ccrellstedthe
hequeney channel: in theband I32 — I36
Mlle herd upon 50 Ht: channel tpacittg.
Group D contain: the frequency channel: in
the bud l32 — 136 ml: endittgttt 2.5 kite,
and Group it‘ tinttlvly llrttthe ,6-equency
ehennele in the land ll7.97.i — 132 MHz.
The utlllutlott of the channelr in Group: B,

Cbatldflltexplabredbelow.

ltlhenera the number of freqttenct'e.t
required in a pttrticttlar region exceed: the
truntber in Group A. F¢¢lHertct‘e: may be
cleared flout the other Group: taking into
acoatutt the ptotdtlanr of 4.1.8.! with
rerpeetto eheureofchttnnelrbasedon 25
kit: chattttel tpaeittgattd. with regard to the
band 132 — 136 MHZ. llteprovtltlonr ofthe
Radio llegttlottottt (tee lttttodttctlon to
4.1.). Altltatmtfor Groups 3. C. D and E a
preferred ado ofzhetlon ltrtat itttlicttted.
tulotut ptanttltte may require a pm-ttatlar
slection offteauenelee firottt there Group:

in order to eetaftr tpeeljlereglonaleh
atnrttlneee. flu‘: may apply pertlcultrly to
the utilization ofjrequenelet flout the band
132 - 136 Mile ftr ruttnt of available
Q-borne equlpnretlt and/or avatlabillty of
prrtlculr fivequency channel: fitr the Aero-
ttautloalhlobtle (ll) Servleelrnnyalro be
fottudthet. lttaprrtlt-ularreelon.ttt‘t
desirable to ll¢'cl’fieqtl¢1It.'t'et‘.fi'Dm Group B
1581‘. before releetitg frequerreter fiont
Groupr C. D or E.

In many regions particular frequent-let
have already been ertiened for porttatlar
fitlmfortt 08. for instance, aerodronte or

- approach control. The "plan does not make
lid! lflltttmartr (except in retpeet to the
¢M¢'l9'|¢)' dldttttel and ground service fie-
quenctee). etch action being taken region.
ally lfeondda-ed derivable.

4.1.8.1 The frequencies in the
band .1 17.975 Mil: to 136 MHZ for use in
the lnternationtl Aetomutical Mobile
Service dull he cleeted from the list in
4.13.1.2.

4.1.8.1.! When the number of fre-

quencies required in I pertleulax region does
not exceed the number of frequencies eon-
tained In Group A oi‘ 4.1.8.12, the frequen-
cies to he used shall be selected in nquenoe,
in so far as practicable. from those of Group
A of 4.13.1.2.

*ARINC STAFF NOTE
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‘ 4.1.8.1.2 List of a357'gnabIe fie» GROUP B GroupC(Com‘d)

‘-+41 quemua Frequency Frequency Frequency Fmillerlcy Frequency Frequency
Frermenczv Annotations (MHz) (MHz) (MHz; (M192; (MHz) (MHz)

“"3” 113.05 123.35 127.35 134.70 135.15 135.50
11115 Em°1§°"°Y 11°‘1“°’1°Y 113.15 123.95 _ 127.45 134.75 135.20 135.55

1 113-1 -““*“'“1' "“‘1“°“°5’ 51111 113.25 124.05 127.55 134.30 135.25 135.70
3 121.50 113.35 124.15 127.55 134.35 135.30 135.75

121.55 113.45 124.25 . 127.75 134.90 135.35 135.30
121.70 . 113.55 124.35 127.35 134.95 135.40 135.35
121.75 113,55 124.45 127.95 135.00 135.45 135.90
121.30 113,75 124.55 123.05 135.05 13550 135.95
121.35 113.35 124.55 123.15 135.10 13555

121.90 Rem,“ go, ,md,°m,, 113.95 124.75 123.25
121.95 ma, communications 119,115 124.35 123.35
1214575 [see 4.1.1, Allotment 119-15 124-95 128-45 GRDIIPD
111-575 '1'a1a1e, Itemc] 119.25 125.05 128-55
121.725 11935 125.15 123.55 F*e<1uenc:~' fiequency Frequency
121.775 119.45 125.25 123.75 (MHz) {MHz} (MHz)

1-. 121.325 119.55 125.35 128.55 132.025 133.375 134.725 '
1 121.375 119.55 125-45 128-95 132.075 133.425 134.775 ‘
: 111-925 119.75 12555 129.05 132.125 133.475 134.325
1 121.975 119.35 125-65 129.15 132.175 133.525 134.375

‘ 1 69°91 3323? 133113 133233 133132 133122 131"‘??? '
Ffeqztency fiequency Frequency 120.15 ' 125.95 129.45 132325 133575 135:025

(M112) (MHZ) (MHz) 5 12°-25 115-05 129-55' 132.375 133.725 135.075
113,110 123,30 127,411 120.35 126.15 129.65 132,125 133375 135425

113.10 123.90 12750 120.45 125.25 — 130195 132.475 133.325 135.175
113.20 .124.00 127.50 120-55 126-'35 131-05 132.525 133.375 135.225
113.30 124.10 127.70 120-55 125'“ 131-15 132.575 133.925 135.275 -

5, 113.40 124.20 127.30 120-75 125-55 131-15 132.525 133.975 135.325 I
113.50 124.30 127.90 11°-35 125'“ 131-35 . 132.575_ 134.025 135.375
113.50 124.40 123.00 130-95 12535 131-451 132.725 134.075 135.425
113.70 124.50 123.110 . 121-05 1-35-35 « 131-55 132.775 134.125 135.475 '

_ 113.30 124.50 128.20 121.15 126-95 "131-65 -- 132.325 134.175 135.525
141 113.90 124.70 123.30 121.25 127-05 131-75 132.375 134.225 135.575 ' ' '

119.00 124.30 123.40 121.35 . 127.15 131.35 132.925 134.275 135.525
119.10 124.90- 123.50 123.75 127.25 131.95 132.975 134.325 135.575
119.20 125.00 123.50. ————:—- 133.025 134.375 135.725
119.30 125.10 123.70 133.075 134.425 135.775
119.40 125.20 123.30 Gnour C 133.125 134.475 135.325
119.50 125.30 123.90 . 133.175 134.525 135.375

:1. 119.50 125.40 - 129.00 ”;:;;;')"y “gig” 133.225 134.575 135.925 1
1 119.70 125.50 129.10 133.275 134.525 135.975

' 119.30 125.50 129.20 132.00 132.90 133.30 133.325 7 134.575 *
§ 119.90 125.70 129.30 132.05 132.95 133.35

1 120.00 125.30 129.40 132.10 133.00 133.90
1 120.10 125.90 129.50 132.15 133.05 133.95 . GROUP 3 1

333 32-13 :33 :33 :3-12 1332 1«~»-«em 14-4 mew
‘ ' ' ‘ ' ' (MHz) (MHz) (MHz)120.40 125.20 1.31.00 132.30 133.20 134.10

120.50 125.30 131.10 132.35 133.25 134.15 113.025 113.575 119.125
120.50 125.40 131.20 132.40 133.30 134.20 113.075 113.525 119.175
120.70 125.50 131.30 132.45 133.35 134.25 113.125 113.575 119.225
120.30 125.50 131.40 132.50 133.40 134.30 113.175 118.725 119-275
120.90 125.70 131.50 132.55 133.45 134.35 113.225 118.775 119-325
121.00 125.30 131.50 132.50 133.50 134.40 113.275 118.825 119-375
121.10 125.90 131.70 132.55 133.55 ' 134.45 113.325 118-875 119-425
121.20 127.00 131.30 132.70 133.50 134.50 113.375 118.925 119.475

121.30 127.10 131.90 132.75 133.55 134.55 113.425 1121.40 127.20 132.30 133.70 134.50 113.475 . .
123.70 127.30 132.35 133.75 134.55 113.525 119-075 119.625

‘-1 E’ 27/11/30 1
*ARINc STAFF NOTE.‘ @-

See Amendment 63, page 42
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' Group E(Cantd1 4.I.8.l.3 RECOMMENDATION.-
? Frequetwits for opentiovull contra! outnum-

nications may be rewind to enable circa-aft‘ Fm uézxc F1-e 1: Fr: mac

'1 111121 y min?’ mint; y °“""i.'.'2‘ii.'f1d" '71 7.51 113. °..iii’i."°"
: prest.-n‘ Mex . . 5' use

119.515 124.925 121.1115 they should be selected mm the band:
119.125 124.915 121.925 128-825 - 132-025 "Hz Time fmiuencin
119.115 125.025 127.915 should be dram. In so for 4: mcucabk.
119.325 125.075 128.025 .1705’! “'13 “PP” ‘M 0f "19 50541 MG’ I'll
119.875 125.125 128.075 I-‘1'"¢fl|,'1l-10'40-
119.925 125.175 128.125 Note.-It humanized that the asrignmail
119.915 125.225 123.115 of such fiequendmud the Bmsin: om:
1211.025 125.215 1211.225 "P""*”' "T 1"” ”“'“U‘F“‘“"‘" ""4"far 115119115! derermavaztaon. However. 111

120.125 125.315 123.325 to the provide: of fiequalciu for open-
12o.115 125.425 1211.315 «out control us. It my be adam-

1211.225 125.415 128.425 1'0"‘ '1'31'1"” '°’,';"°°°'°"“""*1'*'
1211215 125.525 1211.415 fi,,'”"“,,,d,'"“‘c,,',,,,,",,,,,“' ,,,°'’‘'‘ ,,,,,,,W‘'‘'‘*'
120.325 125.575 128.525

120.375 125.625 128.575 4_ _ _2 m,n“
110415 125-575 '33-535 he 1118511511 127:; fltqfie |n‘tet2h1:11::ay1
11°-‘75 '35-735 ‘"575 Aeronautiul uouie s...‘... in 1 9211113115:
120.525 I25.775 123.715 region ‘an a united '0 “R numb,
120.575 125.025 125.775 anggmimd as being laundry for opera-

::1::: :1:-:1: --=1-W1--1°»
120.125 125.915 1211.925 ...£'}.'¢'&‘°E': Juuflrgw 12° £23175;
33.375 125.025 128.975 denrulhd 05,1119 GIIIWIJ? the recogn-- . 25 126.075 129.025 W315” “F”: ‘WV’ '1

120.1115 125.125 129.015 °’ "’;'f",;,'g’;,’;
120.925 126.175 129.125 "ya, “:1 5; 3“. am, ._-mu," 5. ug,
120.975 126.225 129.175 fiurnlimrbn.
121.025 126.275 129.225
121.075 126.325 129.275
121.125 126.375 129.325
121.175 126.425 129.375

I 123,215 |25_475 329315 ATTACHMENT D TO PART I. —— GUIDANCE MATERIAL
121.275 126.525 129.575 F
mm mm mm 011 COMMUNICATION SYSTEMS
121.575 126.625 129.575 '
123.725 125.675 129.625
123.775 126.725 129.675 ,
123.825 126.775 130.925 _ _ '

Communications 2.2.-‘OFF-'SET CARRIER SYSTEM
123.925 126.875 131.025 .

1219?, “£925 "H75 vV?I.;1.?--%UDI0 CHARACTERIIESTICS caE;ll}:rs1;?S1:*n\:;fl:hi€iIff exillgles oi off-set
nuns 326.975 “L125 011 OMMUNICATION QUIPMENT of PM” 4 6 1 I 2.‘: T1163 9 leqfllfemeflts
124-075 nuns 131'!” The aeronautical radiotelephony ser- ’ 1 ' I I .
127"” 117375 ""225 vices represeiit a. special case oi the R) zflrmer wy”em' Cam-er‘ shwld be
124.175 127.125 131.275 application of radiotelephony in that the 5113396 at plus and minus 5 1-11-12. This
124.225 121.115 1:11.325 requirement is for the tratismission of ’°‘.‘“"°‘ “ f’°‘“""‘°” ‘‘‘‘'’““5’ °‘ P1“ °f
127-275 "7325 "L315 messages in such a way that fidelity of mums 2 kHz (153 Pam-' P" mum“ at
'2‘-335 121275 '3'-225 wave form is of secondary importance, 130MHz)‘
127-375 “L325 “"275 emphasis being upon fidelity of basic in- b) 3-ca-rn'er system. Carriers should be
'22-235 "7-375 '3'-525 telligence. This means that it is not spaced at zero and plus and minus 73

$1-"75 : :3:-5:5 necessary to tra1nsn-nit those parts of the kHz. This requires a frequency stabijjty 2,1‘-525 - -5 5 wave form which are solely concerned plus or minus 0.65 kHz (5 parts per
124.575 1374525 131-575 with individuality. accent and emphasis. million at 130 MHz).
I2-1.525 127.575 131.725 _

1 124.675 127.625 131.775 Tife f°u°“'"‘3 afe examples 01' 4- and 5-
i ‘Z4325 '2-L675 "1325 came: systems which meet the requirements

124.115 121.125 131.1115 °”""‘ 1’ 4-5-1-1-3*
124.825 127.775 131.925 5') 4-cam'er system. Carriers should be
124.875 127.825 131.975 spaced at plus and minus 2.5 kHz and plus

and minus 7.5 kHz. This requires a fre-
quency‘ stability of pins or minus 0.5 kHz

27111180 (3.8 parts per million at 130 MHZ).
No.61
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. ARINC CHARACTERISTIC 716 - Page 29E:

b) 5-carrier system. Carriers should be
spaced at zero, plus and minus 4 kHz and
plus and minus 8 kHz. A frequency

a stability in the order of plus or minus 40
L-_\ Hz (0.3 parts per million at 130 MHZ) is

an achievable and practicable interpreta-
tion of the requirement in this case.

Nore.— The carrier frequency spccin
referred to above are with respect to I‘ e
amkned channel frequency.

3.—SELCAL System

, 3.1 This material is intend-

i ed to provide information and guidance
l relating to the operation of the SELCAL

system. It is associated with the Recom-
mended Practices contained in Part I,
4.8.

a‘) 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 modifica-

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:

i 5:’) Principles of operation. Selec-
tive calling is accomplished by the
coder of the ground transmitter sencl- .

L ing a single group of coded tone pulsesto the aircraft receiver and decoder.
The airborne receiver and decoder

equipment is capable of receiving and
5 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 calling unit
! is the special airborne equipment which

E 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 consistof
a lamp, :1 ball, a chime or any com-
bination of such indicating devices.
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ARINC CHARACTERISTIC 716 - Page 30

ATFACIIMENT A TO PART II. — CONSIDERATIONS AFFECTING

THE DEPLOYMENT OF VHF COMMUNICATION FREQUENCIES

I:1 (roduction

Paragraphs 4.1.5.2 and 4.1.5.3 of Part
II 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-
craft a. and b operating at the protection
heights and at the limits of the functional
service range of stations A and B respec-
tively, will not experience harmful inter-
ference.

Paragraph 4.1.6.1 of Part ll 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 beani widths than 30 degrees
are not considered practical at present.

No!e.—TIze term “main beam" include:
all azfrirzcllzs where anrerma gum exceeds
3 dBuboae that of a dipoie.

l.—-Criteria Employed
in E.-atablishing Atljncent

Channel Freqm-ncy Deployrnent
with Respect to Receiver Rejection
and Other System Characteristics

1.] For aircraft receivers

designed for operation in a 50 kHz
channel spacing environment and a ground
station frequency tolerance of 50 parts in
10" (1 0.005 per cent), an effective ad-

jacent channel rejection characteristic
of 60 dB or better is assumed. _This as-
.-nunption 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 a 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 result in a
geographical st=P?\ration 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

minimum field strength is specified in
order to secure the desired wan1.ed-to-

unwanted signal ratio.

1.4' The following additional
assumptions were made in establishing
the criteria:

0 Propagation: free space propa-

gation between aircraft. The CCI-R‘.
curves for l00 MEI: 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 field strengths.

ii) Minimum field strength at linait
of functional service range: 45 dB
above 1 microvoit per metre at 3 000
metres (10 000 feet) in‘ the case of
area control and FIR channels.

Radio horizon 

Note.--To meet this requirement, 4:
station radzialiizg 100 watts from an
mm.-mac 20 metres (65 feet) high should
be not more than I00 ncm'a't'a! miles from
the limit afits functional service range.

iii) Ejective radiated power (ERP):
a maximum ER‘? 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. '

iv) Airborne antenna paler patterns:
total variations _not exceeding 10 db.
Since a maximum ERP was assumed
(and thereiore all variations are
downwards from this figure), no allow-
ance was necessary in respect of air-
borne transmitter polar diagrams.

t') Wnrrtrd-to-trritt-niiicd signal ratio:
20 dB at the receiver output.

oz’) Receiver nmtt'n:g characteristics.-
a muting threshold corresponding to a
received field strength of 5 microvolts
per metre. '

2.—C1-iteria to he Employed
in Establishing Adjacent

Channel Frequency Deployment
of VHF Facilities that have

in Service flange beyond
the Radio llnrizon

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 maximum permitted an-
tenna gain stipulated in Part II, 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 be used. The conditions to be

compared are:

1) ground facility-to-aircraft:

2) aircraft-to—ground facility;

.i') aircraft-to-aircraft:Fig. A-1.-Geographical separation required for co-channel operation

of VHF fflciliiiefi 4) ground facility-to-ground facility.
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Annex 10—Aeronautr‘cal Telecommunications Volume I

E‘ Cox: I.—For the case of protection of
i aircraft A from :1 ground facility (see Fig.

A-3):

A. Determine the signal level 3 _
Service area(db rel. I ;.iV/rn) received from

the desired station at the limit
of the service radius at the

protection altitude.

B. Assign the desired Protection 3' Aazligttgg
ratio P (dB) required at the
aircraft receiver.

C. Let receiver adjacent channel ' — Z. Azimuthal. angle
rejection be represented by A 9‘ ‘he 5“""°°
(dB). Then the level L (dB rel. “ea 05
1 ;.:V/rn) that can be toler-
ated at the the receiver anten- - E

L na can be determined by:

' L = S __ P + A 1.Line of sight-P
from Facility

D. Distance :1 (km) from protec- VHF Facility which to aircraft at
tion point to undesired facility P'°Vid93 56 fvice 20 000 feet

beyond the radio elevationto provide protection establish-
ed by "C" above. is found
by application of L to the
appropriate curves. ‘

horizon

E. The facility-to-facility separa-

tion D is d {km} plus service 4. Azimuth prefe rablv limited
radius (km). to 3 dB above a dipole

Lf ‘Nola I.-—Fz‘g:lrcs A-'1" to 11-14 are _ Determine line of sight

: field strength curves ajbproprialeifarlhe _ page 1-mine azimuth angle ¢. '‘W9mE¢’- fem?‘-‘"155 €i1""1i3 01"" a"“£.°" . Measure off 2 times azimuth angle (C-D and C-E)
"at whlqh may be ‘rifled 1” diglerfifme . Determine azimuth, preferably limited to 3dB above
geographical reparalzon for.s¢_l:¢alzons a dipole (D-E—). where these field slrenglhs will nal nor-

L _ _mally be e.1cceea‘ed more than 5 per cent of
the time. These curves were established
by the Inslz'mle for Teleeommum'cn-

 

I lions Sciences and Aercmomy a the Fig. A-2.—Limit of azimuth protection for VHF facilities
; lfsirrvtronmenlal Sczence Sen-zces.4 mm: which provide a service beyond the radio horizon

tslralzon of the Untied Slates ofAmm.-co.

Nair _2.-——For power levels other ' ~
than I farlottralt the rlrccssory correc-

r:l lions uudrr "C” almt-r Wotlld haw I
10 br Hltrtlt‘: For exaxiiplc, .5 kilatt-ell: - — — '

, Eli!’ rrqmrr: a mimrs 7 dB correc-! lwu.

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

I i ("G NE‘ N3)’ ' Facility site I
A. Determine signal level 5g at

' the ground facility receiving
antenna for proper system
operation.

B. Proceed as in Case 1,. where Service area
L = 53 .. p + A Facility-to-facility

C. Ground facility-to-grotmd l'o- sepam‘wn 1-‘rout or nmiu
eility sepnmtiun will also he l""“” ‘”""'
tIctortttinL'd us in Case 1 (I) =
d + service radius). - ' Back and side radiation

 
Nolr.—--ll'Jn'rr grrmml f:rr'I'i:'ly rrrr1'v-

rrs have srnsilit-ilic.r of la-rs linm 1 mi-
rrowlf urmss 50 clams, ('r:su 2 1': mm‘! Fig. !\-3.--Air-ti:-grultml (facility from 1".) and ground-to-air
likely to 3-z'rll1 rite sepcu-urior: to be usrd. (A from facility)
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Appendixl Partl (con-t'd)

Amtchrnent A to Part H

Case 3.—-Aircraft (Ii)-to-aircraft (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 aircraft [3 wili

be transmitting to the ground
facility site and the altitude
where this will" take place.

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

signal.
D. ’I‘henL=S-—P+A
E. The distance cl to aircraft B

(undesired) obtained from the
curves. plus the service radius
of the facility to beprotected,
will determine the separation
between aircraft B and the

ground facility protected.

F. Facility—to-facility separation
may then be determined
graphically or by trigonometricITIEEIHS.

ARINC CHARACTERISTIC 716 — Page 32

Annex 10 — Aeronautical Telecommunications

Cars 4.--Ground facility-to-ground la-
cility (see Fig. A-4). -

A. Determine signal level that can
be tolerated at the receiver
antenna at one facility by

L =Sg— P-l-A(seeCase 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. Should 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).

Nate.-—Irz most -instances, it will be
found that the facility-to-facility con-
sideration will not be the coniralling
factor in determining geographical
separation.

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

Main beam
protection area

Service radius
Air: raft A Aircraft separation

Aircraft B

Fa cillity site
Facility-to-facility

separation

 
Fig. A-=1.—Fncility-to-facility separation based on air-to-air (A from B)

and ground-to-ground (C from D).

Aircraft

Wanted
tran smitte r

100 watts ERP

Radio horizon

Unwanted
transmitter

100 watts ERP '

Radio horizon
  

3.——Cr-iteria to be Employed
in Establishing Geographical

Septlrnlion between Ground Stations
and between Aircraft and Ground

Stations "for C0-Channel Operation
of VHF Facilities

that have a Service Area
beyond the Radio Horizon

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

4-.—Criteria Employed
in Establishing Co-Channel
Frequency Deployment of
VHF VOLM ET Facilities

In the case of VHF VOLMET serv-

ices, the geographical separation between
co-channel stations should be 30 nautical

miles plus twice the distance to the radio
horizon from an aircréft at the highest
altitude flown by aircraft in the area
concerned.

No:e.——At I5 noztticcl miles beyond the
radio horizon, the field strength at 13 500
metres (45 000 set), from a transmitter
of 100 watts E P. will be opprofimolely
at the receiver muting level "of 5 microvolts
per metre.

5.--Criteria Employed
in Establishing Adjacent

Chnrlltel Frequency -Deployment
of VII}-‘ VULMET Facilities

5.] For aircraft receivers de-

signed for operation in a 25 kHz channel
spacing environment, an effective adjacent
channel 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 derlved as follows:

D = (dl. + dz) NM
where

d; = distance between aircraft and
wanted ground station

= radio horizon +- I5 NM

cl; 2 distance between aircraft and
unwanted ground station
13 NM.II

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

l-‘ig. .-\-S.——\'0I..\lF.'I‘ planning (illustrating co-channel protection) channel rejection characteristic of the re-
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Annex 10 — Aeronautical TeIecommrmicnh'ons'

ceiver of the order oi‘ 40 dB is assumed. This
assumption will result in a minimum geo-
graphical separation distance (D) between
VHF VOLMET ground transmitters derived
as follows:

D = (cl. +dz) NM

where

cl; = distance between aircraft and
wanted ground station

-= 1'ndiu horizon + I5 NM

Lia = distance between aircraft and
unwanted ground station

= 130 NM.

5.3 Application of the above cri-
teria in the case of aircraft altitudes of

13500 metres (45 000 feet) and 20 000
metres (66 000 feet) results in the following
separation distances:

Receiver reiecrion
characteristic

13 500 In (45 000 ft)
13 500 111 (45 000 ft)
20 000 rn (66 000 ft)
20 000 m (66 000 ft)

 
5.4 The above criteria are

based on the following additional as-
surnptions:

£)E_,v}'ert1't:e radiated power: an
ERP of 100 watts for the ground sta-
tions.

Aircraft

Wnntud
trnnurnitter

O

 
Volume I

Unwanted
transmitter

Fig. A-6.—-—VOLME'I‘ planning (illustrating ndjncent channei protection)

T 4, :1, o I I
(NM) __ r .c.______

13265 278
265 130 395
334 13 347

464334 130

Nalr.—[f an ER!’ of 20 wait: is
ruzmmrd. this rt-(mid nxmlr in sc[:arm':'an
disiaucrs for 13500 metres (4.5 000
icc!) of 255 nautical aiziirs for 60 dB
1'n'i'i‘ir'i'J' ml_r'<m'nl rhrrnm-I rcjrrlian am!
309 rluuiirni ruili-.9 for ~10 dB rvrci-.-Jcr
ari,l'm'cul ¢-Immrcl ' .l‘t“."l't'i.iOJl.

 
ii) Irzterfering signal strength: if

the received signal strength is in ex-
cess of the free space propagation
value, then the maximum value will
not exceed the free space value by
more than 5 dB over average earth.

This condition is satisfied svlicri trans-
mitters of 20 watts ER? or more are
used in crnliunrttion with a. receiver ad-
jacent cliannel rejection of not less
than 35 dB. Thus. the minimum (lis-
tance for dz can be derived from a.

consideration of receiver muting level.
receiver adjacent channel rejection and
transmitter ERP.

Frcs. A-7 to A-14-.—PROPAGATION Cunvss roe STANDARD ATMOSPHERE (301)
:-on Far-Qunncv or 127 MHz

(ESSA /I.T.S.A. — 1966 Propagation Mode!)

These curves labelled “5 per cent time availability" represent only a statistically
expected value; 1I.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:

_ 2) horizontal or vertical polarization;

.3) smooth earth with land or sea surface:

4) reflection coelficient of unity magnitude;

5) standard atmosphere with a 301 surface reiractivity;

6) continental temperate climate;

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

8) An eliective radiated power (ER?) corresponding to l kilowatt input power into
a lossless half-wave dipole.
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AMENDMENT No. 63

TO THE

INTERNATIONAL sfrannaims,
nncommnono nuances mo

pnoczounns FOR AIR NAVIGATION SERVICES

AERONAUTICAL

TELECOMMUNICATIONS
. ANNEX 10

TO THE CONVENTION on WTERNAIIONAL 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 &is—

approved by more than half of the total number of

Contracting States on or before 13 Agril 1983, will
become effective on that date and will become appli-

cable on 24 November 1983 as specified in the Reso-

lution of Adoption.

DECEMER 1982

INTERNATIONAL CIVIL AVIATION ORGANIZATION

BOHNG
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Relevant existing text of Annex 10
Volume I as amend

(1)

4.5.1.3 The radio frequencies
used shall be selected from the radio
frequencies in the baud 117.975 MHz to
136 M32. e separation - tween assign-
able frequencies (channel spacing) and fre-
quency tolerances aimlicable to elements
of the system shall be as specified in
Part I}, 4.1.2. and 4.1.6.

Nore.—T.‘ae band H7.G3'5- ." MHz was
alloculed ID the Aeranamlcal Mobile (R) Ser-
vice in the Radio Regulations (1947). By sub-

uen: revisions of the Rugulazioru at ‘(TU

orld Adm ' tame Ca encnces E- Z NUS 4'7‘ £01’ ‘ 4 MIR
1 rm mans w IC 1 erfar I egmns,

or for Spetlfed caunmes or combirzarions ofcountries.

4.6.2.--R_!:c:IvING FUNCTION

4.5.2.1 Sensim-ir_v. After due
allowance has been made for feeder lose and
antenna P0331’ dilfl-‘film variation, the sensi-
tivity of the receiving function shall be such
I5 )0 P1’°VI'd= On 3 high peroenuge of
ooaaluns an audio Output sigma with g
wanted/unwanted ratio of 15 cm, with 1 50
per cent amplitude modulated [fig] ‘.
ism! having a field strength 0 20 min!»
volts par metre (minus 120 dB\Wm’) orRICE.

4.7.2.— Rzczzvma FUNCTION

4.72.1 Sauiviry.

RECOMMENDA'l‘lON.—Afrer due allow-
ance has been made for m'ra'afr feeder
rniumcln, aflermation Ian and antenna
polar diayam variation, the anzsirfviry of
the receiving fimczion should be such as to
provide an a high pacentage ofocmsionsan
audio output n‘;-M! with a wamedi
unwanted ratio of15 :13, will. a 50 - « can
amplitude modulated HIE!) radio mm!
havbiga-field meugrlt of 7.5 mlerovoltr per
metre (rninu: 199 dew/in’1.

ed by Amendment No. 62

ARINC CI-IARACTERISTIC 716 - Page 5!-3

Action Recommended

(2)

and the band 136 IE: to 137 MHZ aub-

jeet to the conditions of Radio
Regulation 595.

the bands 132 - 136 MHz and

136 - 137 M32 were

(ABE)

BOEING

EX. 1041, p. 67
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; Relevant existing text of Annex 10, Vol. 1, Action Recommended
Part I, as amended by Amendment No. 62 (2)

4.8.1 Rzcuuuzmufloat. -
Wtterc a SELCAL system 1': installed,
the following system :Iwr¢rtm'.m':s
dtoutd be applied:

a) 'I'I1.ns:-nitted code. Each tram-
unittcd code shnuld :5: made up of two
ranm-retire tone pulus. with earl:
fiulu cantainiug tu'a- tintultaneomly
tranmittrd tones. The ,tmt.tc.t xkautd
be oi 1.0 Hui or mitnru 0.25 «stand:
duration, uparatcd by an intn-I-at
of 0.2 pm: or minus 0.1 ucoud.

b)‘ Stability. The jrrqueucy of trout-
vnittcd tone: Jllatlld but held to pin: or"
mfout: 0.15 [var ct-at tolerance to mmre
proper operation of the airborne de-
codes’.

c) Diuortiort. 1-». mm: audio
tlr':tar.n'on fluent on tit: tran.mu'md
r-I .t:'gmtt‘ «humid not rm-nd 15 re? cent.

ii) Per cent mndulation. The r-f
signal trcmmittcd by the ground radio
Jtatiou Mould contains, witlun 3 dB.
aqua! amount: of tin: two modulating
learn. The rrmtbmatiau of tone: rlmuld
result in d nuadufatis-n cuvelapc ha-ring
a nominal modulation percentage at
high as pwxibtr and in no can In:
than 60 per cent.

43¢-431-ILCAI; Sntem

e) Transmitted tunes. Tau code:
thauid be made up of various combi-
nntiorts of the tow: Iixted in the fol‘-
Iowing tabte and designated by colour

and fetter a: indfcntt-d:

‘_l‘_.m.a or Tum: Fuaoueuau ,

Designation Frequency
(H!)

Rd A 312.6
Rd B 346.7
Rid C - 384.6
Red 13 426.6

2 RM’ E 473.2
3 Rd F 524.8

Rrd G 532.!
g Rrd H 65.7 ' M
E Red J mu Red P 1083 .9

R-eff 794-5 Red Q 1202.3Red 831.0

 ms :22: :2=;:~i

BOEING

EX. 1041, p. 68
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Relevant existing text of Annex 10, Vol. I,
Part I, as amended by Amendment No. 62

  Bliss A
Blue 8 ' 358.9  

 

  
  
  
  
  
  
 

Blue 6' 39%.!
Blue D 1041.5
Blue B 439.8
Blur F 5-13.3
Blue: 6 6026
Blue H 668.3
Blue J 741.3
Blue X 822.2
Blue I. ' 912.0

 
 

 

Rluc M

 Yellow A

 

  
  
  
  
  
  
  

"allow 8 571.5

. mm C 4121
Yellow 0 457.!
Yellow E 507.0
Yellow F 552.3
Yellow G 625.7
Yellow H 691.3
}-‘allow J 767.4

Yellow K ' BSLI _
Fellow L 944.1
Yrllxmv M ' 1.047.!

New 1.—Il :lm.'tld' be now.’ tlmi lite
lonndvt {gift
by I.og- _ I” I9 a-.39 3 t puulnluy
nf luv-mom: combmchom.

Note é.—ln acrordaucr will: the op-'
pllrallrm principle: dnvr.‘o_fml_ by lite Sixth
Sc;-n':m of the Cammumcalmu Division.
Ilrr only code: at press»! and inlenlc-_
liouclly an ulccled from the ml group.

Not: 3.--Guidance material an the use
of SELCAL systeau it contained in At-
lachmml D to Part I.

ARINC CHARACTERISTIC 716 - Page #5

65

Action Recumended

delete

delete

(2)

 

Note 4.--The tones Red P; Red Q,
Red R, and

after 1 September 1985, in accordance
with 4.8.2.

4.8.2

Red 5, are applicable

 

As from 1 September 1985,
aeronautical stations which are re-

quired to communicate with SELCAL-

equipped aircraft shall have SELCAL
encoders in accordance with the red

group in the Table of Tone Frequencies
of 4.8.1. After 1 September 1985,

SELCAL codes using the tones RED P,

RED Q, RED R, and RED 5 may be assigned. 

BOEING

EX. 1041, p. 69
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Relevant existing text: of Annex 10 Action Recommended
Volume I as amended by Amendment No. 62

(1 T __ _ _ T 2

3.1.2.5 The use of classes of

emission ._ .. to . J1}! and J93
following provisions of Appendix 27 Aerl:

27111 For_ radiotelephune emissions theaudio I ucnctes will be Itmued to

bengveen 3 and 2 7001!: and them-
eupted bandtytdth of other authorized
enttsstos Ill not exceed the I_.tpper
limit 0 7.h‘H. I II t -. '1 I-' _
these limits. _we_ver. no restriction
in their exlenstontsim . - use at . I
as emissions other thangre con- J35
corned, provided that the Imus ofunwanted enttsstons are me: (see
Nos. 2‘H66B and 2'U66C'J.

THIIB On account of the possibility of
interference. at given channel
should not he used in the same
allotment area for radiulelephcny
and data transmissions.

ZTII2 The use of channels derived from
the frequencies indicated in 27116
for the various =-.. - is-
sionsotlter than ili , _ 3E and H23
he subtect to specie arrartsentenls '
by the l.dl'l'|l1IIS_1l'ali0I'l5 concernedand affected In order to avoid
het-mful interference which may
result from the simultaneouajuse
of the Iante_ch_anncI for severalclueesof emtattton.

Chapter 4.—Utilizntion
of Frequencies above 30 ME:

in u..‘i;1.:I.'It"§T§’T-32'.-5,"."1r.;;g, - 4.1 Utilization in the Band 117.975 - 137 MHz
introduction

I

IT!‘ Radio Canfrrrttrrs subsequent I--
194? also mmir pro:-isimtt for the In

I

II

9’ '‘''' ’’°''’‘ ”-°‘”“ Mm 5'” ""' The ITU Radio Conference (979) made pron I.- f i'.1Ib‘! (R S -‘ d
r'::;':;'i:';:":"m.d.° _:_:". I3” visions for the use of the bend 136-137 ME:
I”. m,9,.m_ mm,"-‘,_, or wmb,-M,,-M of ‘ by the aeronautical mobile (R) service, subject
rotttttrirs. Thcttlilieaiion of ant: band ho: to conditions of No. 595 of the Radio Regulations.
brrn indudrd in lhr Aiioimeui Table in
this Char-m; hon.-rt-er, it should be kept
£u mind Ural‘ rim use of frequencies of the
band 132- 130 MH: mm: rake creams! of
the condition: eotttuined in the mom -

mint: nu. band in we rru Aflomian 111 the utilization of these bands. States‘
Table. X K ___t______ attention is drawn to the possibility of harm-

ful radio interference from non-aeronautical

sources of radio frequency energy and the need
to take appropriate measures to minimize its
effects.

Preface

BOEING
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fielevanc existing text of Annex 10
Volume I as amended by Amendment No. 62

T1

4.1.1.—Gr..\'m.u. Au.o-mm-r
or Fnsovsscv BAND 111975-136 MI-Iz

.-Vor:.—TJ're plan indtrdn a general
Aflunmvnt Table tlmi‘ n the com-
,-I.-lr band 117.975 EEEIIIZII ‘
srabdmsiam brialg lac rm: 0 frequen-rfr: allnrafcd to bail: national and micro
national .n'n°l'c:.'.\‘. 'rmd flu‘ band‘: alloralrd
fa raarfonal .m'r:‘c.°.:. Oiucn-arm of #2:‘:
grurrai Jrrbditvisian Jhumfd keno In a
1m‘m'm.'m| the problem of co-ardinatilrg
vrarioaral and r'nm'1!atz'unal' appnhtntiau.

The block allotment of the frequency
band 1|7.‘97s. .. . .
shown in the following table (Jr: box
on page 78‘).

 
 

ARINC CI-[ARACTERISTIC 715 - Page 47‘

Fitiju-r— 

Action Recomended .

2e 

 

4.1.1 - General allotment of Frequency
Band 117.975 — 137 MHz

' 137 me;

37 M32:

 

In the :ase of the new band 136 - 137 M2,
international applications have not yet
been agreed, and these frequencies should
be brought into use on a regional basis

where and in the manner required. 
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Relevant existing text of Annex 10

Volume I as amended by Amendment No. 62
1

Au.onnes1 Tam: cm 1.1.1)

 

 
 
  

International and National
Aemuutial Mobiie ser-
vice:

 Specific hmmticrnl element:
will be deiersnined in the 11:11!
at regional spun-nenl. National‘
alignments we covered by the
pxeviious In 4.1.5.10.

I] H310 111.-I
India‘ifl 

  

 
 

 
  In me. In provide a mud bend

tor flue protection of the aco-
uutlenl emergency ftequeney.
Ill nearest assignable frequen-
eiesou tithe: side of 121.5 311-11
In 111.4 31112 and 121.5 M1-1:.
camp! that by region! egreg-
meat 11 my bedeeifled aha: the
nuns: Iuicllahle treqneneies
Ill 131.3 MB: and 111.1‘ Ill-11..

Emeuency frequency

  

  
  
    
 
  
 
   

 
 
 

Ileaned for pound lnoremeul.
fire-nun: checking. :12 fiatac
aetviau ekannees. end us»
Qudepsethna

e) 121.6 to 121.315 lmernatimul and Nnlonal
lne1us've_ estodmsue nuts: 66%

nunieuion:
  

 

 
 

  . “I150”! 1\¢3°1l\11i&'I3_ 310- Renewed for nauonul 8l.|Oune11u.N.|I5¢nriw|

  
Auxlhu fuqleney SAR  

Ste 1.1.4.1

   
 

 

 
1) 123.15 In 123.61‘: National AezoneuIi=IMn- Refined [or ultionll Iflntmuatn

bill»: Sewing ,

 Specific Inteennionel alllunenu
will be detenninetl In the light
of flflfllll a;'reI1MM. National
alignment: are covered by we
poaching In 4.1.5.10.

 
 

3) 113.1 to 129.675 lnlclllltlollll and National
hdnsin ' Aetcnnutialllehile Sea.

vine    

   
  

A) 129.‘! an ISIMIJ National Aernneuueei 319- Remand for national ulhunems
hduive hilesmicn but may heuszdlnwhoieurh

rm. white! to rational ance-
nenl. to meet the tequheanenu
Ihulbned In 4.1.5.13.

 
  

  
 0 l30.9te 135.975 lntenmiorul and Naibnnl spears: inurutiouu ellocamm

‘neluiu Aezonauial Mobile Suo will he deter:-nined in I!!! Light
‘K! of reelmul agreement. Nnluul

awn-nenla are coveted by the
previflomtn -1.15.10.

(Sn mnul: ‘an the lnzroéuev
than to Chaplet 4 Iepxdinl the
M5413: - 136 MHz.)
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Action Recoumended

(

  
no cheap Specific interlutianal

elloeuenea will be
determined in the 1131::
of regional agreement.
Ileticual easignnenca nee

' covered by the gem.-1110::
in 1.1.5.10.
(See remark 1: the
Iulzndncuan to Chapter 1.
regarding the bend
132-137 2411:.)

I 130. 9-136 .975
inclusive   
  

  
    
  
  
 
 

BOEING

EX. 1041 72



BOEING
Ex. 1041, p. 73

ARINC CHARACTERISTIC 716 - Page ii9'

 

 

 

 

1._e_\‘ '
e 88

s__

E i

F:

l:,

:i

 

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

(1)

Action Recended

(2)

ANNEX 1.0 - VOLUME I

PART II. - RADIO FREQUENciEs

Chapter 4.—Utili2ation
of Frequencies above 30 MHZ
sounduna-Deoooeneootcnunnou-can

4.1.2.4 In the bum 117.975 [Fri ‘
M!-lz, the lowest assignable frequency shall
be 118 MHz and the highestTmin.

4.1.J.—FaaqL'e::cIes
13559 Fax PAITICULAI FL'.\'c-mms

4.1.3.1 £merg¢'m-_\- channel.

-3.I.3.l.1 The emergency channel
(121.3 MHz) shall be used only for
geuuine emergency purposes. as broadly
uutlined in the follnwinz:
IIIIUIIIIIOIIOI I

J‘) to provide a frequency channel for
us in the event of interception of ai:-cn.x‘t.

Nair 1.—TJ'n' use of f.l'n- [rm-qm-m-_v 121.5
.l/H: f¢rr_ Hrc pncrposa amlinrd in c)
ulrow 1‘: In (Ir a:-aided if it intcrfrrcg in
mu‘ 'IL'a_I' with flu‘ cfifrirnl Iraradling of
disrra-J: rrafir.

Nate 2.-The cw-rent Radio Regulations
nuke provisions that me gg:-maunmi
emezgemtv frequency !2!.5 MI-Iz may also be

HI: I ;- urgfn. .,.,
-5'€fl'~"¢_?E. I-51' »:«£E}'mIlSsI'an to cammunicare on
rlrislrequmnr or Sqf£l:v'1_rmposes w . .. ..at _.m-,1. rut uu- 4,.
 
 

137

'136.975

ASE

(RR593, 2990, and 2991).
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Relevant existing text of Annex 10,
Vol. I as amended by Amendment 62 AC‘-‘~3i°1'* Re°°W1e“de-d

(2)

be guarded continuously during the hours of
service of the units at which it is installed.

4.1.3.1.!» The emergency channel shall
be guarded on a single channel simplex
operation basis.

4 . 1 . 3 . 2 Air-to-air communications channel 

4.l.3.2.1 Subject to regional air navigation
agreement, an air-to—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 ' r. s s. , s. . and to facilitate the resolution of opera-
tional problems.uuoenoee-eaoa I

l

4_;_5',_5DUfl,MEm REQUIREMENTS _ Note: The assignment of the fretjuency to 'beused for the VHF air-to-air communica-
tions channel is intended to be

(1)

-5.1.3.1.-A The emergency channel shall

I Note 1. —i-‘reg-usury tolerance: to which no-
E ‘ tirms operate’ in the a r I‘ in . , - ... ,

. I (1.1?-d9_?5-F:ol33d_77:'i7 mus: cranioim are _mn- co-ordinated whenever necessary between
E . adjacent regions to ensure the most
i cal set:-ire; are not mentiomvdhm An:-set 10. efficient and safe utilization of VHFi exceyrr in I are roses Wh¢’fI'.' .fl'.I.' ter tolerances -
5 than timnv contained in the Radio Regulations frequencies ‘

are required (c.g. rite cg-uipnu-n: specifications
- in Part I remain several moi: instances).

137vuunoflbttltal j.u-._-

' ' elm: VHF Ranro FREQUENCIES
FOR Us: IN ‘rim INTERNATIONAL

I
l
i
I

4.1.3. »- mm non -rt-It AI.LO'I‘Il'nN‘l' or '

AERONAUTICAL MOBILE sanvrcn

Plan ofAssignab3.e VHF Radio ?requencies
for Use in the International Aeronautical

172:’: pleat denture: the list offrequenciet Mobile Service
iturflarble for assignment. together with
provision for the use by the lntematioml
Au-martian! Mobile some of all frequen-
cies with a channel spacing of 25 kHz. with
thefrequencierar Gro¢lpAa.'lJIdn.Iu'ngtDb=
used Mrerever they provide a suffciart
number to meet the operational requie-meets.

‘ me plan pmtdes mu the not number
I‘ afftequeneiet requir'ed in any region would

be determined regiomlly: The efieet of tin‘:
new be that fiequmeie: cedgncble in In
particular region may be mtrtcted to n
flntmd number of the fi-equarcier in the
litr. the dental rrr.-tribe being selected at
oullitled herelh.

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

. £12 __

o n I I e 0 0 4 0 a

Group B of the list at 4J.8.l.2 coruoins
the fiequenries in the band H2975 - 132
NH: ending in 50 kHz. Together with the
firequencies in Group .4. they provide for
frequency planning based on 50 kHz chan-
nel spacing. In Group C are listed rin-
finequeucy cirunm-is in the band 13.?-
ME? based upon 50 kHz cimnrtel spacing
Group D camairn the frequency channels in .

._ the am: 132 -M!!zemh'n in . kit
and Group B‘ .1't'rru‘!r.'r!_v lists the frequelwy
channel: in the hard I I 7.975 -- 132 MHz.
The utilization of the ciianm.-ls in Groups 5.
C‘. D and E is expiained below.

E Wizenevor the number of frequencies
required in a particular regzbn exceeds the
number in‘ Group A. fiwqucm.-ies may be
selected from the other Groups taking into
account use provisions of 4.1.8.! with

' respect to the use of channels based on 25
kHz clmutui tmciazp and. with retard to ti:
band 132 - M1 :. tine proviuous of the

5: Ratio Regulations (sec Inuoduc-tum ta
__ _4.J.J. Atthaargh for Group: B. C’. D and E a

preferred order ofselectfon is not indicated‘.
regional planning may require a particular
selection of fiequencies front these Groups
in order to are for specific regirmd cir-
atmsrances. Tiult may apply particulariy to
the utilization of,ri-equencies fiom the band
132 - LE7 MHZ or reumtts fl « aiia I
airborne equipment and/or ovoibbilinjv of
particular frequency channels for the Aga-
nauticol Mobiie {RI Service. it may also be
{band that. in a particular region. it is
desirable to seize: f.'roquencies.fiom Group B

i first. before seiectzing frequencies fiunt
3 Group: C‘, D or E.

In many regions purnhtiar frequencies
have already been assigned for particular

| 1 functions as, for instance. aerodrome or
approach control. The plan does not make
such assignments (except in respect to the
emergeracy citanrtci and ground service fie-
quencies}. such action being teitcn region-
ally if considered desirable.

-6.1.3.1 The frequencies in the
band 1l1.97$ MHz to 135 MHz for use in
the lmcrnalinnll Aeronautical Mobile
service shall be selected from the list in
4.1.8.l.2.

ARINC CHARACTERISTIC 716 - Page 51'

Action Recommended

2

137

137T

1.37

"137 . _

Note.-Frequencies between 135 and 136.975
MHz are not available for international
use before 1.990.
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I

EI

132.975 134.325 135.675 use before 1990,
I
I

|

I
I

l

I

ARINC CHARACTERISTIC 716 — Page 52

91

Relevant existing text of Annex 10 Action Recommended

Volume I as amended by Arnendment No. 62 '

_______..___._...._1}.._.__- .. . . -7 . . .. . . 2)

. J!‘ D ontihue-
G D

I FM”-'-7' F'::::-17 “WM 136. ooo 136. 325 1.36.650
i W") 9”" 9”” 136 . 025 136. 350 1.36. 675

l 136 . 050 136.375 136. 700
I mm mm mks 136 . 075 136 . 400 136.725
I mm 1,3525 mm 136 . 100 136. 425 136.750

| 132.22: 133.575 134.925 136.. 125» 136_ . 450 1.36 . 775132.275 133.615 134.975 136.150 136. 475 136 . aoo

132-325 133-675 135-025 - ' 136.175 136.500 1.36.825132.375 - 133.725 1 .075 .
132.425 133.775 113.125 136.200 136. 525 136.850
132.475 133825 135.115 136.225 136. 550 136. 375
132.525 133.375 135.225 136. 250 136. 575 136.900

136. 275 136. 600 . 136.925
mm 133025 mm 136.300 136.625132.725 134.075 1. 35.425
132.775 1 34.125 1 35.475
132.825 134.175 135.525
132.875 134.225 135.575
132.925 134.275 135.625 MHz are not available for international

Nate.—Frequenc:Les ‘between 1.36 and 136.975

133.025 1 34.375 135.725
133.075 134.425 1 35.775
133.125 134.475 135.825
133.175 134.525 135.875
133.225 134.575 135.925
133.275 134.625 1 35.975
133.325 134.675
X

GROUP E

Ewwncr Fmzmcy Fnqmczv
M12) (M31) Wis)

118.025 118.575 119.125
118.075 118.625 119.175
118.125 118.675 119.225
118.175 118.725 119.275
118.225 1 18.775 119.325
118.275 118.825 119.375
118.325 118.875 119.425
118.375 118.925 119.475
118.425 118.975 119.525
118.475 11 9.025 119.575
118.525 119.075 119.625

BOEING
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C REPLACEMENT PAGE

2.1 Biblioggphy

ARINC CI-IARACTERISTIC 716 - Page 53

APPENDIX 2
BIBLIOGRAPHY

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

AEEC Letter No.

78-041/VI-D7*'C-10

78-O89/VHFC-11

78-lO7fVI-IFC-12

78-157fVH.'FC-13

'79-001/VHFC—14

79—O08fVI-IFC-15

80-015/VI-IFC-16

80~040/VI-[FC-1'7

80-083/VI-IFC~18

81-048/VHFC-19

F: 81-065/VHFC-20

'82-028/VI-IFC—2l

FEfim____, ‘fl

Date

April 3 , 1978

August 3, 1973

August 29, 1978

November 16, 1978

January 2, 1979

January 23, 1979

January 18, 1980

March 18, 1980

July 2, 1980

June 8, 1981

July 17', 1981

May 3, 1932

Lblit

Circulation of Collins Strawman Spec for a new VHF
Com Transceiver

Circulation of Draft 1 of Project Paper 716 VI-IF
Communications Transceiver

Circulation of Letters from Douglas Aircraft and
Dome &. Margolin, Inc., concerning VI-IF COMM
Project Paper Draft

Circulation of Comments on Draft 1 of VI-IF COMM

Project Paper 716

VHF COMM Transceiver Audio Output Phase Shift

Adoption of Draft 1 of Project Paper 716, "VI-IF
Communications Transceiver"

Circulation of Draft 1 of Supplement 2 to ARINC
Characteristic 716 "Airborne VI-IF Communications
Receiver"

Circulation of Draft 2 to ARINC Characteristic 716
"Airborne VI-IF Communications Receiver"

Adoption of Draft 2 of Supplement 2 to ARINC
Characteristic 716, “Airborne VI-IF 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 566A, “Mark 3 VI-IF Communications
Transceiver"
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APPENDIX 3

FREQUENCY-CHANNEL PAIRJNG PLAN%

i
' Frequency Channel Spacing Channel Labels ARINC 429

1 1 .1 me _ _ ransmit_ _ Word Content

25 18.000
118.0000 8.33 18.000
118.0000

118.0083 8.33 18.008
118.0166 8.33 18.017
118.0250 25 18.025
118.0250 8.33 18.025
118.0333 8.33 18.033
118.0416 8.33 18.042
118.0500 25 18.050
118.0500 8.33 18.050
118.0583 8.33 18.058
118.0666 8.33 18.067
118.0750 25 18.075
118.0750 8.33 18.075
118.0833 8.33 18.083
118.0916 18.33 18.092
118. 1000 25 18. 100

e.t.c

¢-9 
NOTE: This table is provided for the reader’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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T I AERONAUTICAL RADIO, INC.
‘ " i 2551 Riva Road

Annapolis, Maryland 21401

Suggiement 1

I2

ARINC CHRRACTERISTIC 716

AIRBORNE VI-IF COMMUNICATIONS TRANSCEIVER

Piiblished: December 31, 1979

Prepared by the Airlines Electronic Engineering Committee

Adopted by the Airlines Electronic Engineering Committee: August 30, 1979
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SUPPLEMENT 1 TO ARINC. CHARACTERISTXC 715 - Page 2 -

A. PURPOSE OF THIS SUPPLEMENT

This Supplement modifies Characteristic 7i6 material on the subjects of remote squelch. master off-on control
and integral lighting power. Additionally, typographical errors are corrected and minor editorial changes are
made to improve clarity.

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 consistsrof 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 buff-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. -

C. CHANGES TO CHARACTERISTTC 716 INTRODUCED BY THIS SUPPLEMENT

This section presents a complete tabulation of the chan es 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
for reference.

i TABLE or CON-TENTS
ii _ 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 Phased)", 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 accomodate service intercon-
nections in its middle insert (MP), automatic test
equipment interconnections in its top insert (TP) and
coaxial and power interconnections in its bottom insert
(BF), 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 installed 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 half

contamination of the contacts in the equipment half
should be provided with a protective cover to prevent

i
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 CHARJ\CTERI.S'l'lC 716 - Page 3

3.2 FRI-I UENCY SELECTION

Typographicai error corrected and reference to data output deleted.

Text added to describe continued operation of receiver with a failure of the tuning source.

3.5.5.4 DISTORTION '

Output signal level changed from 200 milliwatts to 50 milliwatts.

ORIGINAL TEX‘l_' FOLLOWS
3.6.5.16 Distortion

With an input signal of 1000 microvolts modulated with
1000 Hz and the receiver gain adjusted to produce 200
rnilliwatts into a 600 ohm resistive load, the total
harmonic distortion should not exceed 7.5% with 30%
modulation or 2096 with 9096 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 OUTPUT

Power of 25 watts nominal changed to cover a range of 25 to 1&0 watts.

ORIGINAL 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 ft. 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 transmitter 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 #0
watts. '

3.7.7 KEY LINE

Voice/Data Select pin MPB8 changed to MPC7.

3.7.3.2 LEVEL CONTROL

Paragraph reference changed from 3.5.8.i to 3.7.8.1.

ATTACHMENT 2 - STANDARD INTERWIRING

Pin assignments changed for control panel connector.

Pins MPA3, MPB3 and MPC3 change to "Optional" status for remote squelch.

Pin MPD8 assigned to "Data Keyiine Return".

In Note 1: pin MPCl change to MPA9
pin MPC2 changed to MPB9
pin MPC3 changed to MPC9

In Note Q: reference to On/Off control deleted.

— In Note 5: pin MPDI changed to MPBI.

Note 6 added to describe Wire l-R.
BOEING
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E
SUPPLEMENT 1 TO ARINC CHARACTERISTIC 716 - Page ii

ATTACHMENT 6 - STANDARD "FOUR-WIRE" MICROPHONE INTERFACE -
I

I

Interface re vised.

ATTACHMENT 7 - CONTROL PANEL GUIDELINES

Standard connector used.

Master offfon control deleted.

integral control panel lighting power changed from 26 volts to 5 VAC.

ORIGINAL TEXT FOLLOWS

1.3 Connector Tyas

The "Standard Control Panel" should utilize two Cannon
type DC 3713 connectors (or equivalent) positioned on
the vertical center line of the unit. The connector
mounting panel should be 4.000 inches from the rear
face of the iron panes as shown in Attachment 8.

1.5 Master Off-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 customer's choice of this
power. The control panel lighting circuit should be

‘isolated from ground and other circuitry within the
control 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. The lighting should properly
illuminate the control marking and the positions of all
controls. Provisions should be made for either red or
white lighting at the user's option. The airline
customers prefer internal lighting of the frequency
selector drums or discs instead of surface lighting.

BOEING
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ORIGINAL SCI-IEMATIC 

 
  

 
 

 
 

 

 
 

 

 
 

 
 

1 z _'

X’ F\T'l'ACHMENT 6
STANDARD "FOUR-WIRE"

MICROPHONE INTERFACE

.|...._ _ -....

= :
MICI I :

. E :
PTT — --J

D": [ I‘ =_" ""'”' i CHASSiS
E MIC 1, CHASSIS G-ROUND

JACK GROUND ' W

GROUND

KEYING ‘

RELAY ‘.
I.

I1

. A1RERAFT
: : DC

' GROUND "

'=* CHASSIS

H I GROUND" T0 HSPEECH

- ' AMPLIFII;

-: HE: ..

NOTE: A diode is used in series with keying reiay to prevent sneak current from the data

link (also required in the data link}

my ' H

|_l
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F-—‘?~ 97} AERONAUTICAL RADIO, INC.
2551 Riva Road

Annapolis, Maryland 21401

ARINC CHARACTERISTIC 716

AIRBORNE VHF COMMUNICATIONS RECEIVER

E

' SUPPLEMENT 2

132
I. .1

] Published: August 15, 1980
1 Prepared by the Airlines Electronic Engineering Committee

; Adopted by the Airlines Electronic Engineering Committee: June 19, 1980 H
BOHNG _M

Ex.1041,p.85 



BOEING
Ex. 1041, p. 86

SUPPLEMENT 2 TO ARINC CI-IARACTERISTIC 716 - Page 2

A. PURPOSE OF 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
four-wire microphone schematic and change of
the audio output levels.

3. 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 "¢-2"
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
716-2 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 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 repro-
duced for reference.

3.4 TRANSMITTER FREQUENCY OFFSET

Text modified.

ORIGINAL TEXT FOLLOWS:

3.4 Transmitter Freguency 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 it
is receiving. Sufficient flexibility should be provided t'o
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 "Transmitter Frequency Offset" wire,
either at the control panel or elsewhere.

3.4 Transmitter Freguency Offset (cont'd)

COMMENTARY

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 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.

3.6.5 AUDIO OUTPUT

Text changed to incorporate RTCA SC-132 values.

ARINC STAFF NOTE deleted.

ORIGINAL TEXT FOLLOWS:

3.6.5 Audio Output

An output isolated from ground having a source
impedance of 50 ohm or less shall he 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 5m\V to somw.

ARINC STAFF NOTE: During the discussion of the
-items incorporated into this Characteristic, AEEC
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 reference changed for 50mW to
aomw.

ORIGINAL TEXT FOLLOWS: 

3.6.5.1 Gain 

The receiver gain should be such that a 2 microvolt
signal modulated 3096 at 1000 Hz will produce at least
50 mW of output into a 600 1 20% ohm resistive load.

3.6.5.3 FREQUENCY RESPONSE

Output level variation limit modified.

ORIGINAL TEXT FOLLOWS:

3.6.5.3 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 milliwatts
established at 1000 Hz with a constant input carrier
level modulated 3096. 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 no dB.
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3.6.5.14 DISTORTION

Audio output reference changed from 50mW to
aomw.

ORIGINAL TEXT 1=o1.1.ows=

3.5.5.4 Distortion ’

With an input signal of 1000 microvolts modulated with
1000 Hz and the receiver gain adjusted to produce 50
milliwatts into a" 600 ohm resistive load, the total
harmonic distortion should not exceed 7.5% with 3096

modulation or 2096 with 9096 modulation (with the gain
control reset to maintain the output- at 50 milliwatts),
including any effects of the noise limiter.

3.6.5.5 VOICE PHASE SHIFT UNIT 

Audio output reference changed from 50mW to
uornw.

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 ohm 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.o'SELCAL output due
to the number of stages required for the
processing of each signal type.

3.7.3 SIDETONE

Audio output reference changed from 50mW to
AIOmW.

A nominal setting of lomw inserted.

ORIGINAL TEXT FOLLOWS:

3.7.3 Sldetone

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
32096 ohm resistive load when the transmitter is
amplitude modulated 9096 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 mil! to 50 mix’. 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

Typographicai error omitting a line corrected.

ORIGINAL TEXT FOLLOWS:

3.7.? Key Line

The transmitter PTT keyline (MPCD should be enabled.
only when the transceiver is in the Voice mode, i.e.,
VoicelData Select pin MPC7 is open circuit (SOK ohms
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(+ 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 MPCI (in Voice
mode), or to the data key line pin MPD7 (in Data mode).

The transmitter should not be keyed (key up) when 50K
to 31 VDC from an external source is applied to the key
line PTT pin MPCl 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:

SJ} ' 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 #16-I976.

ATTACHMENT 2 - STANDARD INTERWIRING

Pin MPC8 assigned to "Frequency Offset Enable".

"Not Assigned" spares assigned.

Note C‘) added.

ATTACHMENT 6 - STANDARD "FOUR—WiRE" MICRO-
PHONE INTERF ACE.

Diode arrangement changed for flight recorder
discrete (key event).

"VOICE/DATA SELECT" connection shown.

Ground connection added.

Note on single-ended input added.

ACARS interface added.
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ATTACHMENT 7 - CONTROL PANEL GUIDELINES

1.3 CONNECTOR TYPES

Panel depth increased to five inches.

ORIGINAL TEXT FOLLOWS:

1.3 Connector "figs

The "Standard Control Panel" should utilize a MIL—C-
83723, Series 3-type connector (M83723—72R162#N)
positioned at the center of the unit. The connector
mounting panel should be 4.000 inches from the rear

SUPPLEMENT-2 TO ARINC. CHAR/XCTERISTIC 716 - Page lt-

face of the front panel as shown in Figure 1.
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A.

E

B.

c.

PURPOSE OF THIS SUPPLEMENT

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

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 "¢-3"
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
716-3 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 reierence.

ATTACHMENT 2 - STANDARD INTERWIRING

Pin MPBUJ changed from "Future
(Contact)" to "Ground/Air Discrete".

Note added.

Spare

SUPPLEMENT. .3" TO AEINC CHARACTERISTIC 716 - Page 2
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SUPPLEMENT 4 TO ARINC CHARACTERISTIC 715 — 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 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 "¢-ll"
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-? already contain this Supplement and thus do
not require revisions by the reader.

C. CI-lANGES\TO CHARACTERISTIC 716 INTRO-
DUCED BY THIS SUPPLEMENT

This section presents a complete tabulation of tho.
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.

2.6 Cooling

Maximum power dissipation and cooling 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 l+0°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 3
mm at standard conditions of lOl3.25 rnbars. This

pressure drop does not include the drop through a
returning orifice when such orifice is located external
to the equipment case.

2.6 Coolin cont'd)

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 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 (C.nd}."

Pin MPM assigned to "Audio Ground.“

Note added to describe use of pins MPB2 and _MPB-'-l-.

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

Pins MPB2 and MPBH added.

Ground removed from pin MPBl.

BOEING
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ATTACHMENT 6

STANDARD "FOUR—WlRE."

MICROPHONE INTERFACE

P

l"' '“ ' "'t \
1' A1

5 i :
M- I I I '

1C : E E ‘
' . . 1, Bi

PTTl-',----- , ‘ _ _ .:
I : ‘

I * ‘L 200.!!-
; Audio

- Ground D3 . .. P 16-18 V
__ Excit n

. '_ Chassis
DC Ground Gmund

ct , ,
- Keying

F _ I Relay I
Flight Rec (Key Event) D1 _

7 -. cg, ' a

' , * Data Keyiine t D7 NO‘: +23 VDC' O

-3 ' A5 09

4 Data [ j
’ - ' “ input '

____, Chassis To

* Selcai 6: Data Ground Speech
Output —.- Amplifier

Audio dc

Side to/ -
Output”

* Data Ifizflne Return
* Voiggfisata Select To Voice!Data Select Logic

Freq!Data Port .A [
/ * Tuning Source Select

Freq/Data Port B [

(Ground Select Port A)

* ACARS Interface

(when Used)

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}.

‘__is. _< 3"} — 2. A single-ended audio input may be used provided that the input impedance between
pins MPA1 and MPB1 is ISOJL.
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AMENDMENT TO SUPPLEMENT 1! TO ARINC CHARACTERISTIC 716 -Page 2

A. PURPOSE OF 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. 11-.

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 modified and added material
on each replacement page is identified with "¢--‘-l"
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
7164: already contain this Supplement and thus do
not require revisions by the reader.

C. CHANGES" TO CHARACTERESTIC 716 INTRO-
DUCED BY THIS SUPPLEMENT

I

i This section presents a complete tabulation of the
I 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, orby the section number and title that will be
I employed when the Supplement is eventually

‘ incorporated. In each case there is included abrief description of the addition or change and,
for other than very minor revisions, any text

originally contained in the Characteristic is
reproduced for reference. '

lI

II

ATTACHMENT 2 - STANDARD INTERWIRING

Note (3 of Supplement 3 added.

Note of Supplement it changed to Note

Assigment of pin MPBM to "Ground/Air Discrete"
added (from Supplement 3).
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SUPPLEMENT 5 T0 ARINC CHARACTERISTICS 716 -Page 2

A. PURPOSE OF THIS SUPPLEMENT Attachment 2 -§ 

This Supplement reserves pins on the VHF ' Revise assignment of pins.
Communications Control Panel to control tests of

static displays and transfer light annunciation. In Pin Old Assignment New Assignment
addition, the frequency coverage has been ‘fin’ Spare Resewed " Transfer 113'“
changed to 113.000 to 137.000 MHz. - annunciation -28 V-

dimmable

B. ORGANIZATION OF THIS SUPPLEMENT 23 Spare Reserved -— Test transfer
light and static displays

The first part of this document, printed on buf:i- 3 Spare Reserved
colored paper, contains descriptions of the 4 Spare ReSeI'Ved
changes introduced into the Characteristic by this
Supplement, and, where appropriate, extracts Attachment2 Notes Applicable to the ‘Standard
from the original text for comparison purposes. lnterwiring
The second part consists of replacement white

pages for the Characteristic, modified to reflect Add Note 10 on use of control panel pins reserved
these changes. The modified and added material for transfer light annunciation and lamp tests.
on each replacement page is identified with "¢—5"
symbols in the margins. Existing copies of Add Note 11 to reserve control panel pins 3 and 4
Characteristic 716 may be updated by simply to protect against possible future
inserting the replacement white pages where non-interchangeability problems resulting from
necessary and destroying the pages they replace. their "reported non-coordinated use in some
The buff-colored pages should be inserted inside aircraft.
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.

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.

3.1 Freguency Range and Channeling

- Revise to increase coverage to 137.000 MHz,
delete reference to potential use of 137-138 MHz,
and revise Commentary.

ORIGINAL TEXT FOLLOWS:

3.1 Fregueng 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 exceed60 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 communicationsneeds.
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AMENDMENT TO SUPPLEMENT 5 T0 ARINC CHARACTERISTIC 716 -Page 2

A. PURPOSE OF THIS SUPPLEMENT

This Amendment corrects the erroneous

duplication of assignments for control panel pins 3
and 4 in Supplement 5. These pins were correctly
assigned "Reserved" status in Supplement 5 but
their previous assignments as "Suggested Spares"
were not deleted.

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 modified and added material
on each replacement page is identified with "¢-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.

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.

Attachment 2 - Standard Intel-wiring

Delete references to assignment of control panel
pins 3 and ll as "Suggested Spares". Pins are now
assigned "Reserved" status.
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SUPPLEMENT 6 TO ARINC CHARACTERISTIC 7.16 - 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 SDI bits on ARINC
#29 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 of those
parameters. in addition, it revises portions of the
audio output characteristics to bring them in line
with RTCA Document DO-170, Audio 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
SD] bits from "reserved" to "standard".

3. 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 "¢-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 beinserted 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
or.iginally contained in the Characteristic is
reproduced for reference.

3.2 FREQUENCY SELECTION

Description of SDI code added.

ORIGINAL TEXT FOLLOWS:

3.2 Freguency Selection

The transceiver should be designed to utilize the serial
digital frequencylfunction 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 Part B". (See Attachment 2 to this

3.2 Freguency Selection (cont'd)

ORIGINAL TEXT FOLLOWS:

~ document for the connector pin assignments.) The
receiver should determine which 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 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 receiver is
installed in an aircraft in which a centralized 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. A

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 below 5 per second (word removal
from the bus ' signifies tuning information source
failure), the word signfstatus 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 D0-170,
Audio System Characteristics and Minimum
Performance Standards. Paragraphs renumbered.

ORIGINAL TEXT FOLLOWS:

3.6.5 Audio Output

An output isolated from ground having a source
impedance 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 level. The adjustment should vary the
output from 5mW to -5l0mW. The nominal setting should
be l0mW at 1000 Hz.

3.6.5.1 Gain

The receiver gain should be such that a 2 microvolt
signal modulated 30% at I000 Hz will produce at least
#0 mW of output into a 600 i 209-6 ohm resistive load.

3.6.5.2 Hum Level

Hum and noise in the receiver output should be at least
‘+0 dB below 10 milliwatts output with a 1000 microvolt
30% 1000 Hz modulated reference input.

EX. 1041, p. 102'
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3.6.5.3 ' Freguency Response

The audio power output 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 miliiwatts
established at 1000 Hz with a constant input carrier
level modulated 3096. A sharp cu1:—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 1&0 dB.

3.6.5.1.!" Distortion

With an input signal of 1000 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 7.596 with 3096

modulation or 2096 with 9096 modulation (with the gain
control reset to maintain the output at 1+0 milliwatts),
including any effects of the noise limiter.

3.6.5.5 Voice Phase Shift Limit

With 1000 uV modulated with 1000 Hz and the output
level adjusted for 40 mW into a 600 ohm 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
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 1 revised.

ORIGINAL TEXT FOLLOWS:

® Source/Destination Identifier (SDI) Encoding

These pins are reserved for encoding the location
of the Comm receiver in the aircraft, (i.e.,
"system number") per Section 2.1.4 of ARINC
Specification #29. 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 aircraft-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 SD! function is not used, both pins

ATTACHMENT 2 - NOTES APPLICABLE TO THE

STANDARD INTERWIRING cont'd _

ORIGINAL TEXT FOL};-OW5:

MPA9 and MPB9 should be left open circuit with
the result that Bit Nos. 9 and ii) are binary
"zeros."

1/2/3

  
 

 
MPA9 MPB9  
 

Note 9 revised.

ORIGINAL TEXT AS FOLLOWS:

(E) it--Wire Mike Grounding

Pin MPB2 is connected internally to pin MPBI.
Pin MPB2 can be jumpered to pih MPB4 to obtain
internal grounding of the microphone 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 3 - 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 audio output
characteristics.

BOEING
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ATTAC HM ENT 6
ORIGINAL FOLLOWS:

STANDARD "FOUR-WIRE"

MICROPHONE INTERFACE

MP

’.Ji"" """'|

En .._.-_-  a-'-. 

 

PTT E-;-- - --i j

' .1.

SPASE. ---— - -- - — --
‘Iri-

16—18 VD

_ Excitat'n

DC Ground
6

Keying
I Relay

Flight Rec (Key Event)

* Data Keyline +23 vgc

* Data I:Input 9 ii
_ 1. Chassis To _

-I Selcal ac Data. . Ground speech
Output Amplifier

Audio dc [’ -1Sidetone - y

Output Q”
‘9

* Data Keyline et1 <:;5

* Voice/Daf Elex. To Voice/Data Select Logic

* Freq/ata Port A

* T ing Source 5 eat (Ground Select Port A)

Freqfbat Port 8 i: * 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 provided that the input impedance between
pins MPA1 and MPB1 is 150.1‘...

BOBNG
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SUPPLEMENT '7 T0 ARINC CHARACTERISTIC ‘T16 - Page 2

I A. PURPOSE OF THIS SUPPLEMENT 

This Supplement 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 descriptions of 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 "ct-7" symbols in the
margins. Existing copies of Characteristic 7 16 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-‘? already contain this Supplement and thus do
not require revisions by the reader.

C. CHANGES TO CHARACTERISTIC 716 INTRODUCED
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.

3.6.8 Sguelch Provisions

This addition describes proper squelch operationduring
reception of multiple signals from an offset carrier
network.

BOEING
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SUPPLEMENT 8 TO ARINC CI-IARACTERISTIC 716 - Page 2

A. PURPOSE OF THIS SUPPLEMENT

This Supplement primarily introduces a new Section 4.0
for the description of an optional 8.33 kl-Iz 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 cl1annel—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.

B. ORGANIZATION OF THIS SUPPLEMENT

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 (3-8 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
all of the text for Sections 1 through 7. New Attachments
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 kl-Iz channel-spaced voice mode of
operation.

2.2. 1 Transceiver Unit

A reference to Chapter 5 was changed to Chapter 6.

2.2.3 Antennas

A reference to Section 4.0 was changed to Section 5.0.

4.0 TRANSCEIVER UNIT DESIGN FOR TI-IE 8.33
KHZ CHANNEL-SPACED MODE OF
OPERATION

A new section was added to define the transceiver

characteristics of an optional 8.33 kl-Iz 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
European narrowband (8.33 kl-Iz) VHF voice
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 kl-Iz 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 kl-Iz 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 channeis
referenced in Section 4.1.
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SUPPLEMENT 9 T0 ARINC CI-IARACTERISTIC 716 - Page 2

A. EEJEOSE OF THIS SUPPLEMENT

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

B. OEGQLIIZATION 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 (3-9 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

INIIEODUCED 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 number and the title currently employed in
Characteristic 716. In each case a brief description of the
change or addition is included.

4.2 Frggluencg Selection

Commentary was changed to clarify that the tuning
control panel should scroll through both the 25 kHz and
8.33 1451-12 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 either
of the 8.33 kHz or 25 kHz modes.

ATTACHMENT 2 - STANDARD INTERWIRING

MPD5 was changed from "reserved" to "833 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
columns for "Labels Transmitted“ and "ARINC 429
Word Content“.
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