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FOREWORD

. This document prepared by EUROCAE Working Group 49 was accepted by the Council of
EUROCAE in October 2002.

. EUROCAE is an international non-profit making organisation. Membership is open to European
users and manufacturers of equipment for aeronautics, trade associations, national civil aviation
administrations and, under certain conditions, non-European Members. Its work programme is
principally directed to the preparation of performance specification and guidance documents for
civil aviation equipment, for adoption and use et European and world-wide levels.

. The findings of EUROCAE are resolved after discussion amongst its members and in co-operation
with RTCA Inc, Washington D.C., USA and/or the Society of Automobile Engineers (SAE),
Warrendale PA, USA through their appropriate committees.

. This document supersedes ED-73 A "MOPS for Secondary Surveillance Radar Modes S
Transponders" (February 1999).

Differences between this document and ED-73 A are

= The inclusion of requirements and tests to ensure correct altitude quantisation information
in Mode S replies.

" Updating the document to include the requirements changes in ICAO Annex 10 Volume
IV Amendment 77.

. Changing the document to clarify that extended squitter is optional.

= The inclusion of optional provisions for operation under hijack conditions.

. Corrections found necessary during the use of ED-73A.

. This document has been compiled taking into account implications of EUROCAE ED-82A MOPS
for Aircraft Data Link Processors and AEEC ARINC 718 A the Characteristic for Mode S
Transponders with Extended Interface Functions.

. Compilation was co-ordinated with activities of ICAO, RTCA and EUROCONTROL.

7. Differences between this document and RTCA DO-181C (Minimum Operational Performance

Standards for Air Traffic control Radar Beacon System/Mode Select (ATCRBS/Mode S)
Airborne Equipment) Change 1 are :

= introduction of different classes of equipment;

. the use of Transponder Level Definition 1, 2, 3, 4, 5;

. the inclusion of hijack option in the transponder label (Paragraph 1.4.2.2)

= the tests specified in chapter 5 differ in some cases but are technically equivalent.

. The Minimum Operation Performance Specifications are recommendations only. EUROCAE is not
an official body of the European Governments therefore its recommendations are valid as
statements of official policy only when adopted by a particular government or conference of
governments.

. Copies of this document may be obtained from:

EUROCAE
17, rue Hamelin
75783 PARIS Cedex 16
FRANCE

Phone: 33145057188
Fax: 33145057230
E-mail: eurocae@eurocae.com
Web site: www.eurocae.org

© EUROCAE, 2008
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CHAPTER 1
INTRODUCTION

PURPOSE AND SCOPE

These minimum operational performance specifications are designed to ensure that
aircraft Mode S Secondary Surveillance Radar (SSR) transponder equipments
certificated to them will be compatible with ICAO Annex 10, Volume IV, Part | up to
Amendment 77.

These minimum operational performance specifications do not include detailed
descriptions of Mode S coding formats, protocols and interfaces; these can be found
in ICAO Annex 10, Volume IV.

This document replaces the previous version ED-73.

Chapter 1 of this document provides information necessary to understand the need for
the equipment requirements and tests defined in the remaining chapters. It describes
typical equipment applications and operational objectives and is the basis for the
performance criteria stated in Chapter 2 to Chapter 4. Definitions essential to proper
understanding of this document are also provided in Chapter 1.

Chapter 2 contains general design specifications.

Chapter 3 contains the minimum performance specification for the equipment, defining
performance under standard operating conditions.

Chapter 4 specifies the environmental test conditions which provide a laboratory
means of determining the overall performance characteristics of the equipment under
conditions representative of those which may be encountered in actual operations.

Chapter 5 details recommended test procedures for demonstrating compliance with
Chapters 3 and 4.

Chapter 6 specifies the performance demanded of the installed equipment. It also
includes ground and flight tests of the installed equipment which may be required
when performance cannot be adequately determined through testing under standard
test conditions.

APPLICABILITY

Compliance with this minimum performance specification by manufacturers, installers
and users is recommended as a means of ensuring that the equipment will
satisfactorily perform its intended function(s) under all conditions encountered in
normal aircraft operations.

Any regulatory application of this document in whole or in part is the sole responsibility
of appropriate government agencies.

As the measured values of equipment performance characteristics may be a function
of the method of measurement, standard test conditions and methods of test are
recommended in this document.

DESCRIPTION OF SYSTEM

SSR is a cooperative surveillance and communications system for air traffic control. It
employs ground-based interrogators and airborne transponders.

© EUROCAE, 2008
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Mode A/C SSR

Mode A/C SSR uses the aircraft transponder to respond to interrogations from the
ground to provide:

a. a 4 096-code identity code (Mode A), or,
b. pressure altitude information, in 100 feet increments (Mode C).

The Mode A code is entered by aircrew via a control unit in the cockpit; Mode C
pressure altitude information is derived from an encoding barometric altimeter or air
data computer system.

The plan position of the aircraft, with respect to the ground interrogator, is determined
from range and azimuth measurements made on the transponder replies.

Mode S SSR

Mode S SSR can accommodate ground-air-ground data link communications
integrally with the surveillance interrogations and replies.

Mode S interrogators provide surveillance of Mode A/C-equipped aircraft as well as
Mode S-equipped aircraft; Mode S transponders include Mode A/C functions and will
reply to Mode A/C interrogators. In addition, the data link potential of Mode S permits
use of the transponder for a number of air traffic management (ATM), airborne
collision avoidance and aircraft separation assistance functions.

AIRCRAFT EQUIPMENT

General

The transponder is the principal component of the airborne equipment of Mode A/C
and Mode S SSR. It performs all the necessary surveillance functions by providing the
appropriate reply to Mode A/C and/or Mode S interrogations.

When used for data link transmissions, the Mode S transponder accepts the message
as it arrives as part of an interrogation and passes it on to its destination. A message
to be transmitted to the ground is accepted by the Mode S transponder at the interface
and is incorporated in a reply made to an interrogation.

All Mode S transmissions, uplink as well as downlink, are protected by a 24-bit parity
code. The transponder performs decoding and encoding as required, so that the
surveillance function as well as the message content is protected.

The complexity of the transponder required for surveillance only, has been kept at the
minimum needed for this function.

Some Mode S transponders may be equipped with uplink and downlink message
interfaces providing interaction with input/output (I/O) devices. Some transponders
may include the devices as an integral part of their design.

There are two types of squitter transmissions, i.e., transmissions spontaneously
generated by the transponder. The acquisition (56-bit) squitter has the format of an
All-Call reply (DF=11) and is transmitted by a transponder approximately once every
second. This squitter is received and used by aircraft equipped with ACAS to detect
the presence and 24-bit address of Mode S equipped aircraft within signal range.

The extended (112-bit) squitter (DF=17) contains the same fields as the acquisition
squitter, plus a 56-bit message field that is used to broadcast Automatic Dependent
Surveillance (ADS) data approximately four times per second. The Extended Squitter
is used by ACAS or other air-air applications, and ground ATC users for passive air
and surface surveillance.

“Air-air surveillance” interrogations from airborne collision avoidance systems are
addressed to Mode S-equipped aircraft based upon the address extracted from

© EUROCAE, 2008
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squitter signals. These interrogations are used for Mode S target tracking and collision
threat assessment.

Classes, Capability and Applicability of Equipment

Transponder Functionality

ICAO documentation defines various 'levels' of transponder to indicate the Mode S
protocols that the transponder is designed to support. Level 2 is the minimum required
for European airspace (ref. ICAO Doc 7030)

a.

Level 2 -

Surveillance and Comm A/B.

Level 3 -

Surveillance, Comm A/B, and Uplink ELM.

Level 4 -

Surveillance, Comm A/B, Uplink ELM and Downlink ELM.
Level 5 -

Full level 4 plus enhanced protocols for parallel processing of Comm-B, Uplink
ELM and Downlink ELM transactions.

Extended squitter -

Extended squitter transponders shall have the capabilities of level 2, 3, 4 or 5
and also those prescribed for extended squitter operation (see Chapter 3 of this
document).

S| Capability -

Transponders with the ability to process Sl codes shall have the capabilities of a
Transponder Level 2, 3, 4 or 5 and also those prescribed for S| code operation
(see Chapter 3 of this document).

Hijack Mode Capability —

Transponders that support the Hijack Mode shall have the capabilities of a
Transponder Level 2, 3, 4 or 5 and also those prescribed for Hijack Mode (see
appendix D of this document).

Transponder Labelling

This section describes the labeling of the transponder and gives a brief introduction to
the additional features which may be supported by the transponder.

Additional features:

* ACAS Compatibility — ACAS compatible transponders will have the capabilities
of section 3.27

» Antenna Diversity — in large aircraft or co-installation with airborne collision
avoidance systems may require the transponder to operate in the diversity
mode, i.e., the use of two antennas, receivers and transmitting channels.

» Extended Squitter — extended squitter transponders will have the capabilities
of section 3.28

« Dataflash Application — transponders implementing dataflash mode will adhere
to the requirements contained in Appendix C.

* Hijack Mode Capability — transponders implementing the hijack mode will
adhere to the requirements contained in Appendix D.

© EUROCAE, 2008
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* Elementary Surveillance — elementary surveillance transponders will have the
capabilities of section 3.29

* Enhanced Surveillance — enhanced surveillance transponders will have the
capabilities of section 3.30

« Surveillance Identifier Code (Sl) — transponders with the ability to process Sl
codes have the capabilities of section 3.18.4.34.

These additional features and corresponding identification codes are summarized in
the following table:

Additional Feature ID Code
ACAS Compeatibility a
Antenna Diversity

Extended Squitter

Dataflash

Hijack Mode Capability

Elementary Surveillance (only)

Enhanced Surveillance (including Elementary Surveillance)
Surveillance Identifier Code (SI)

»[(S|—|[T|=|0 |

Each transponder shall be clearly labeled with its actual functional level, minimum
peak output power, and its optional additional features. The label shall contain the
word "Level" followed by one digit between 2 and 5, followed by the ID codes for the
incorporated optional additional features as shown in the table above, followed by the
transponders’ minimum peak output power designation as “Class 1” or “Class 2” (see
paragraph 1.4.2.4),

Example No. 1 - For a level 2 transponder that incorporates extended squitter,
elementary surveillance capability and S| capability with a minimum peak output
power of 70 watts(18.5 dBW), the transponder would be labeled "Level 2els,
Class 2".

Example No. 2 - For a level 4 transponder that incorporates ACAS compatibility,
antenna diversity, extended squitter, enhanced surveillance capability and S/
capability with a minimum peak output power of 125 watts (21.0 dBW); the
transponder would be labeled "Level 4adens, Class 1".

The label should be clearly visible when the transponder is mounted on the aircraft. In
the case of a change of transponder level or capability the label must be changed
appropriately.

NOTE: For transponders where “Level” or “additional feature” might be changed
through an approved software update, a means to display the labeling
electronically would meet the above intent.

Mutual Suppression

It is assumed that transponders for use on aircraft equipped with DME or other
equipment operating in the same frequency band will support mutual suppression.
Classes of Equipment

a. Two classes of equipment are considered in these minimum operational
performance specifications, CLASS 1 and CLASS 2.
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b. The specified performance for each of these classes is related to intended use
and/or the type of aircraft in which the equipment is to be installed. The classes
are defined as follows.

(1)  CLASS 1 Equipment

CLASS 1 equipment is intended for use in aircraft that operate at
altitudes above 15000 ft, or have a maximum cruising true airspeed in
excess of 175 kt (324 km/h), and shall meet the following requirements:

A. RF peak output power > 21 dBW (Paragraph 3.3.3)
B. Reply transmission frequency tolerance + 1 MHz (Paragraph 3.3.1)

C. Mode A and C reply rate capability > 1200 replies/second
(Paragraph 3.4.1)

(2) CLASS 2 Equipment

CLASS 2 equipment may be used in aircraft that operate at altitudes not
exceeding 15 000 ft, and have a maximum cruising true airspeed not
exceeding 175 kt (324 km/h), and shall meet the following requirements:

A. RF peak output power > 18.5 dBW (Paragraph 3.3.3)
B. Reply transmission frequency tolerance + 1 MHz (Paragraph 3.3.1)

C. Mode A and C reply rate capability > 1000 replies/second
(Paragraph 3.4.1)

c. Unless otherwise specified, the performance criteria of this document apply to
both classes of equipment.

Antenna Diversity

In order to avoid the performance degradation due to the screening effects that can
occur when a single antenna is mounted on the bottom of the aircraft, a second
antenna is mounted on top of the aircraft. The transponder processes interrogations
on both antennas and transmits the reply on the antenna which received the strongest
valid interrogation. Aircraft with gross mass in excess of 5 700 kg or a maximum
cruising true airspeed capability in excess of 250 kt (463 km/h) installed with Mode S
equipment are required to operate with antenna diversity.

Altitude Quantization

Mode S transponders may quantize altitude data in either 25 foot or 100 foot
increments. ICAO Annex 10 recommends that the best quantization available on the
aircraft is used.

ACAS

SSR equipment intended for use as part of an ACAS, shall in addition meet the
performance criteria specified in paragraphs 3.3.4 and 3.27.

Composition of Equipment

a. The word "equipment" as used in this document includes all components and
units necessary for the system to properly perform its intended function(s). For
example, the "equipment" may include a transponder, control panel, antenna(s)
and interconnecting cables.

b. In the case of this example, all of the foregoing components and units comprise
the "equipment”. It should not be inferred from this example that each SSR
transponder equipment design will necessarily include all of the foregoing
components or units. This will depend on the specific design chosen by the
manufacturer.
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DEFINITIONS, ABBREVIATIONS AND MEASUREMENT CONVENTIONS

Mandating and Recommendation Phrases
a. "Shall"

The use of the word SHALL indicates a mandated criterion; ie compliance with
the particular procedure or specification is mandatory and no alternative may be
applied.

b. "Should"

The use of the word SHOULD (and phrases such as "IT IS RECOMMENDED
THAT ...", etc.) indicate that though the procedure or criterion is regarded as the
preferred option, alternative procedures, specifications or criteria may be
applied, provided that the manufacturer, installer or tester can provide
information or data to adequately support and justify the alternative.

Definitions

Algorithm - A set of well-defined rules for the solution of a problem in a finite number
of steps.

Burst - A series of interrogations.

Cancellation - This is a protocol used by the ADLP to cancel downlink messages that
are queued in the transponder awaiting extraction by the Mode S ground system.

Closeout - This is a protocol that confirms to a transponder that Comm-B, Comm-C
(ELM) or Comm-D (ELM) transactions have been successfully completed and must be
cleared from the transponder.

Desensitisation - Temporary reduction of transponder sensitivity after receipt of a
signal. Used to reduce echo (multipath) effects.

Diversity - A method of selecting the reply transmission path based on the relative
amplitude of the received interrogation signal from two or more channels with
independent antennas.

Downlink - A signal propagated from the transponder.

Dynamic Range - The ratio between the overload level and the minimum triggering
level in a transponder.

Field - A group of bits in a message treated as a single unit of information.

Framing Pulse - One of the two pulses F; and F, spaced a nominal 20.3 pus apart
which bracket a reply to Mode A and Mode C interrogations.

Format - The specific order in which fields of information appear in a Mode S digital
message transmission.

Lockout - This is a protocol which provides a means of preventing a Mode S
transponder from replying to ‘All-Call’ interrogations. See ICAO Annex 10 para
3.1.2.6.9 for full information.

Message - An arbitrary amount of information whose beginning and end are defined
or implied.

Minimum Triggering Level (MTL) - The minimum input power level that results in a
90% reply ratio in the Mode A/C format or 99% in the Mode S format if the
interrogation signal has all nominal spacings and widths and if the replies are the
correct replies assigned to the interrogation format.

Mode A/C - For the purpose of this document, Mode A/C is taken as referring to non-
Mode S transactions. Where specific Mode A or Mode C transactions are involved,
these are identified individually.
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NOTE: The US term for non-Mode S SSR is ATCRBS (Air Traffic Control Radar
Beacon System). It is not used in this document.

Monopulse - A radar system using a receiving antenna having two or more partially
overlapping lobes in the radiation pattern. Sum and difference channels in the receiver
compare the amplitudes or phases of the received signal to interpolate azimuth
measurement within the radar beam.

Multipath - The propagation phenomenon that results in signals reaching the
receiving antenna by two or more paths, generally with a time or phase difference.

ONE(s) - The affirmative value(s) of a binary bit.

Power Off Condition — The condition in which the transponder electrical power is not
applied to the receiver, transmitter or related components.

Protocol - A set of conventions between communicating processes on the formats
and contents of messages to be exchanged.

Reply Radio - The ratio of a number of replies to the number of interrogations that
should cause a reply to be generated.

Side Lobe Suppression (SLS) - A technique to prevent responses from transponders
not in the main beam of the interrogating antenna.

Special Position Identification (SPI) - A special pulse used in Mode A/C replies
located 4.35 ps following the second framing pulse. When used with Mode S, SPI
appears as a code in the flight status (FS) field.

Squitter - The transmission of a specified reply format at a minimum rate without the
need to be interrogated.

Standby State — The condition in which transponder electrical power may be applied
to the receiver, transmitter and related components but the transponder is disabled
from transmitting. In this state the transponder does not reply to interrogations and
does not squitter any information in any Mode A/C/S format.

Transaction - The process of accepting and processing an interrogation and
generating a corresponding reply.

Uplink - Signal propagated toward a transponder.
ZERO(s) - The negative value(s) of a binary bit.

NOTE: Definitions of Mode S coding formats, protocols and interfaces are
contained in ICAO Annex 10.

Abbreviations

AA Address Announced

AC Altitude Code

ACAS Airborne Collision Avoidance System (TCAS Il version 7 or higher are
ACAS implementations)

ACS Altitude Code Subfield

ADLP Aircraft Data Link Processor

ADS Comm-A Definition Subfield

AICB Air Initiated Comm-B

AIS Aircraft Identification Subfield

AP Address Parity

AQ Acquisition Special

ARA Active Resolution Advisory

ASA Airborne Separation Assurance

ATCRBS Air Traffic Control Radar Beacon System

ATM Air Traffic Management

ATS Altitude Type Subfield

BCS Comm-B Capability Subfield
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MBS

Comm-B Data Selector Code
Capability

Crosslink Capability

C - Definition Subfield
Continuation Subfield

Code Label

D - Definition Subfield

Downlink Extended Long Messages
Downlink Format

Designation Identification
Distance Measuring Equipment
Differential Phase Shift Keying
Downlink Request

Data Selector

Extended Capability Subfield
Extended Length Message

First In First Out

Flight Status

Ground Initiated Comm-B

Inquiry Mode

Interrogator Code

Identification (4096 code)
Identification Designation Subfield
Interrogator Identification
Interrogator Identification Subfield
Instrument Landing System
Control ELM

Lockout Subfield

Lockout Surveillance Subfield
Message Field In Comm-A
Message Field In Comm-B
Multisite Comm-B Subfield
Message Field in Comm-C
Message Field in Comm-D
Message Extended Squitter
Multisite ELM Subfield

Most Significant Bit

Multiple Threat Encounter
Minimum Triggering Level
Message Field in Comm-U
Message Field in Comm-V
Number of transitions at “ 1 ” in DPSK modulation
Number of C segments

Number of D segments

Pulse Amplitude Modulation
Protocol

Priority/Interrogator Identity
Probability of Reply

Resolution Advisory Complement
Resolution Advisory Indicator
Resolution Advisory Terminated Indicator
Reply Control

Rate Control Subfield

Radio Frequency

Reply Information

Reply Length

Reply Request

Reply Request Subfield in SD
Reservation Status Subfield
Standards and Recommended Practices
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SAS Surface Antenna Subfield

SD Special Designation

SI Surveillance Identifier

SICASP SSR Improvements and Collision Avoidance Systems Panel

SIS Surveillance Identifier Subfield

SL Sensitivity Level

SLC Sensitivity Level Control

SLS Side Lobe Suppression

SPI Special Position Identification

SRS Segment Request Subfield

SSR Secondary Surveillance Radar

TAS Transmission Acknowledgement Subfield

TCAS I Traffic Alert and Collision Avoidance System, Implementation of ACAS
since Version 7

TCS Type Control Subfield

TID Threat Identity Data

TIDA Threat Identity Data, Altitude

TIDB Threat Identity Data, Bearing

TIDR Threat Identity Data, Range

TMS Tactical Message Subfield

TRS Transmission Rate Subfield

TTI Threat Type Indicator

uDS U-Definition Subfield

UELM Uplink Extended Length Message

UF Uplink Format

UM Utility Message

VDS V-Definition Subfield

VS Vertical Status

VSWR Voltage Standing Wave Ratio

Measurement Conventions

The following measurement conventions apply to the signal and pulse characteristics
defined in paragraph 1.6.

PULSE AMPLITUDE - Defined as the peak voltage amplitude of the pulse envelope.

PULSE DURATION - Measured between the half voltage points of the leading and
trailing edges.

PULSE RISE TIME - Measured as the time interval between 10% and 90% of peak
amplitude on the leading edge of the pulse.

PULSE DECAY TIME - Measured as the time interval between 90% and 10% of peak
amplitude on the trailing edge of the pulse.

PULSE-TO-PULSE INTERVALS - Measured between the half voltage points of the
leading edges of consecutive pulses.

PHASE REVERSAL LOCATION - Measured at the 90° point of the phase transition.

PHASE REVERSAL DURATION - Measured between the 10° and 170° points of the
transition.

PHASE REVERSAL INTERVALS - Measured between 90° points of the transitions.

INTERROGATION SIGNALS

The following paragraphs describe the signal in space expected to appear at the
transponder antenna. The signals in space comprise two types of interrogations
distinguished by different modulation techniques: pulse amplitude modulation (PAM)
and differential phase shift keying (DPSK).
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161 Received PAM Signals
a. The following interrogations are exclusively PAM signals.
Mode A,
Mode C,
Mode A/Mode S All-Call,
Mode C/Mode S All-Call,
Mode A-Only All-Call,
Mode C-Only All-Call.
b. All of these interrogations use two or more of the four pulses described in
paragraph 1.6.3. The pulses are designated P1, P2, P3 and P4.
1.6.2 Interrogation Carrier Frequency
Mode A/C interrogators: 1030 MHz £ 0.1 MHz
Mode S interrogators: 1030 +0.01 Mhz.
The carrier frequencies of the control transmission and of each of the interrogation
pulse transmissions shall not differ from each other by more than 0.2 MHz.
1.6.3 PAM Pulse Characteristics
a. Pulse Shapes
The pulse shapes for PAM interrogations are summarised in Table 1-1.
Pulse Pulse Duration Rise Time Decay Time
Designator Duration Tolerance Min/Max Min/Max
P1,P2,P3,P5 0.8 us 0.1 us 0.05/0.1 ps 0.05/0.2 ps
P4 (short) 0.8 ps 0.1 us 0.05/0.1 ps 0.05/0.2 ps
P4 (long) 1.6 yUs 0.1 us 0.05/0.1 ys 0.05/0.2 ys
TABLE 1-1: PAM INTERROGATION PULSE SHAPES
b. Pulse Patterns (See Figure 1-1)
The pulse patterns of the PAM interrogations are defined inTable 1-2.
INTERVAL (us)
INTERROGATION TYPE | P1-P2 P1-P3 P3-P4 P4 TYPE
Mode A 2 +0.15 810.2 - None
Mode C 2+0.15 21 0.2 - None
Mode A/Mode S All-Call 2+0.15 8+0.2 2 +0.05 Long
Mode C/Mode S All-Call 2+0.15 21 10.2 2 +0.05 Long
Mode A-Only All-Call 2+0.15 8 +0.2 2 +0.05 Short
Mode C-Only All-Call 2+0.15 2140.2 2 +0.05 Short
TABLE 1-2: PAM INTERROGATION PULSE PATTERNS
C. Relative Pulse Amplitudes
P3 amplitude is P1 + 1 dB
P4 amplitude is P3 + 1 dB
1.6.4 DPSK Pulse Characteristics

a. All Mode S (P6 type) interrogations contain DPSK modulation signals.
Interrogations are structured as shown in Figure 1-2.
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b.

Pulse Shapes

Pulses P1, P2 and P5 have the same shapes as PAM pulses P1, P2 and
P3 of Paragraph 1.6.3 a.

P6 is either 16.25 +0.25 ps, or 30.25 +0.25 ys, in duration.

P6 rise time is between 0.05 and 0.1 ys and the decay time is between
0.05 and 0.2 ps.

Relative Pulse Amplitudes

(1)
()

()
(4)

()

P2 amplitude is not more than 0.25 dB less than the amplitude of P1.

The first microsecond of P6 has amplitude not more than 0.25 dB less
than the amplitude of P1.

The amplitude variation of the envelope of P6 is less than 1 dB.

The amplitude variation between successive phase modulation chips in
P6 is less than 0.25 dB.

P5 amplitude will vary with respect to P6.

Phase Reversals

(1)
()

The first phase reversal within P6 is the sync phase reversal.

The midpoint of each following data phase reversal shall occur only at a
time 0.25 times (N + 1) £0.02 ps after the sync phase reversal, where N
is a positive integer > 1 and represents the bit number in the message for
each bit that is equal to ONE.

Pulse Interval

P1-P2 2.00 £0.05 ps
P2 to sync phase reversal of P6 2.75 +0.05 us
P6 to sync phase reversal of P6 1.25 £0.05 ps
P5 to sync phase reversal of P6 0.4 0.05 s

P5 may be overlaid on P6 by the interrogator as a side lobe suppression (SLS)
signal in any Mode S interrogation. It will be overlaid on all Mode S-Only All-Call
interrogations.

Information Content

(1)

DPSK signals contain information in data chips within P6. The chips are
located after the possible data phase reversals assigned as indicated in
paragraphs 1.6.4 d and e.

P6 pulses contain 56 chips (short) or 112 chips (long).

A phase reversal preceding a chip characterises that data bit as a binary
ONE. No preceding phase reversal characterises that data bit as a binary
ZERO.
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Mode A 8.0 us 20us
Mode C 21.0 ps i

(+—————————————

Interrogation | P1 P3 P4

“« > «— > < >

0.8 us 0.8 us * s

-« 2.0 us—» * Mode A/C/S all-call: 1.6 ps

Mode A/C-only all-call:0.8 ps
SLS ant_rol p1 | P2
Transmission |
0.8 us

FIGURE 1-1: GENERAL PULSE PATTERNS FOR PAM INTERROGATIONS

(€——2.0 ys——p —> €«—0.5us
——2.75 ys———» N 025
’47125}15% "* 25 s P 0.5 ps—»‘ @—
[
P] PZ
INTERROGATION
0.8 0.8
Hs ‘ Hs SYNC PHASET NN rossme
REVERSAL | PHASE REVERSAL POSITIONS
YERSAL LAST CHIP
{ FIRST CHIP

0.4 ps—){ «—

Ps

0.8
us

FIGURE 1-2: DPSK PULSE CHARACTERISTICS

SLS CONTROL
TRANSMISSION

© EUROCAE, 2008



21

2.2

2.3

2.4

2.5

Draft change proposal 3 after WG 49 meeting 14

CHAPTER 2
GENERAL DESIGN SPECIFICATION

AIRWORTHINESS

The equipment shall not, under normal or fault conditions, impair the airworthiness of
the aircraft in which it is installed.

INTERNATIONAL TELECOMMUNICATIONS UNION

The equipment shall comply with the relevant International Telecommunications Union
Radio Regulations.

FIRE PROTECTION

Except for small parts (such as knobs, fasteners, seals, grommets and small electrical
parts) that would not contribute significantly to the propagation of a fire, all materials
used shall be self-extinguishing.

NOTE: One means of showing compliance is contained in Certification
Specification (CS), Part 25, Appendix F.

OPERATION OF CONTROLS

The operation of controls, intended for use during flight, should be evaluated to ensure
they are logical and tolerant to human error. In particular, where transponder functions
are integrated with other system controls, the manufacturer should ensure that
unintentional transponder mode switching (i.e. an operational state to ‘STANDBY’ or
‘OFF’) is minimised. This may take the form of a confirmation of mode switching,
required by the flight crew. Typically ‘Line Select’ Keys, ‘Touch Screen’ or ‘Cursor
Controlled/Tracker-ball’ methods used to change transponder modes should be
carefully designed to minimize crew error.

All possible positions, combinations and sequences of pilot accessible controls shall
not result in a condition detrimental to the continued performance of the equipment or
continued safe flight of the aircraft.

The flight crew should be aware, at all times, of the operational state of the
transponder. If either the operational state selection or failure warning of the
transponder is not visible to the flight crew, any change of the operational state of the
transponder shall be annunciated to the flight crew via suitable means. An installation
evaluation may be required to determine the adequacy of the annunciation means.

Controls which are not intended to be operated in flight shall not be readily accessible
to the flight crew.

CONTROL AND INDICATION FUNCTIONS

The following Control and Indication functions shall be provided:

a. Means of selecting each of the Mode A 4096 Identity reply codes;

b. Means of indicating the Mode A 4096 code selected.

All selected Mode A 4096 Codes shall be shown.

C. Means of inhibiting replies to certain interrogations

Means of selecting the condition in which the transponder is rendered incapable
of generating replies to Mode A/C interrogations, Mode A/C/S All-Call and Mode
S-only All-Call interrogations, but not inhibiting the generation of Mode S
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squitter transmissions and replies to discretely addressed Mode-S
interrogations when the aircraft is on the ground (3.17.1 b (3), 3.28.5, 3.22.2.7
b, 3.22.2.7 c and 3.22.2.7 d).

Return to normal operation from this condition shall be possible within five
seconds.

If this condition is enabled automatically when the aircraft is on the ground, a
flight crew switch is not necessary. If performed manually, this condition shall
have no effect on the transmission of extended squitters (If the extended
squitter function is implemented in the transponder) (3.28.2) or on the reporting
of on-the-ground state (3.17.1 b (3), 3.28.5, 3.22.2.7 b, 3.22.2.7 c and 3.22.2.7
d).

The transponder shall be capable of accepting an input indicating that the
aircraft is either « airborne » or « on the ground ». If the aircraft installation
cannot automatically provide this input, it shall be permanently set to the
« airborne » state.

NOTE 1: If the selection is manual, it is only used to inhibit replies as defined
in 3.23.1.4

NOTE 2: A manual switch is a temporary solution only for aircraft without an
automatic means to determine the on-the-ground state, and should
be used only until a time when an automatic means to determine
the on-the-ground state will be available for all aircraft.

d. Means of setting the transponder into standby mode.

Means of selecting the condition in which all transponder functions, other than
transmissions on the reply frequency and associated self-testing, are
operational (i.e., the Standby condition). Return to normal operation from this
condition shall be possible within five seconds.

e. Means of initiating the IDENT (SPI) feature in Mode A and Mode S;
f. Means of inhibiting the transmission of altitude information.

Means of inhibiting the transmissions of the altitude information, while retaining
the framing pulses in Mode C replies and while transmitting all ZEROs in the
altitude field of Mode S replies.

g. If the aircraft uses a flight number for aircraft identification, a means shall be
provided for the variable aircraft identification to be inserted by the pilot.

NOTE 1: For testing purposes only, a means of inhibiting the squitter function will
need to be provided.

NOTE 2: Transponders equipped for extended squitter operation should have a
means to disable acquisition squitters when extended squitters are being
emitted. This will facilitate the suppression of acquisition squitters if all
ACAS units have been converted to receive the extended squitter

NOTE 3: At a future date, yet to be decided, the short acquisition squitter may be
inhibited when the extended squitter is being used.

EFFECTS OF TESTS

Unless otherwise stated, the design of the equipment shall be such that, during and
after the application of the specified tests, no condition exists which would be
detrimental to the subsequent performance of the equipment.
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SOFTWARE DESIGN

Software design shall follow the guidelines specified in EUROCAE Document
ED-12B “ Software Considerations in Airborne Systems and Equipment Certification ”.
The software criticality and level will depend on the particular equipment function and
application.

NOTE: Regulatory Authorities may require Level B or higher, as defined in
Eurocae ED-12B, for some applications.

HARDWARE DESIGN

Hardware design should follow the guidelines specified in EUROCAE Document
ED-80 (Design Assurance Guidance for Airborne Electronic Hardware). The hardware
criticality and design assurance level will depend on the particular equipment function
and application.

NOTE: Regulatory Authorities may require Design Assurance Level B or higher,
as defined in Eurocae ED-80, for some applications.

DATA INTERFACES

Equipment shall have suitable interface(s) for the input and output of data as required,
see 3.17.

IMPLEMENTATION IN CONJUNCTION WITH ACAS

If the equipment implementation includes design considerations for use in conjunction
with ACAS functionality, the guidelines contained in the most current issue of ED-143 /
RTCA/DO-185A and following, Minimum Operational Performance Standards for
Traffic Alert and Collision Avoidance System (TCAS) Airborne Equipment, should be
considered.
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CHAPTER 3

MINIMUM PERFORMANCE SPECIFICATION
STANDARD TEST CONDITIONS

INTRODUCTION

NOTE: Systems using Mode S capabilities are generally used for air traffic
control surveillance systems. In addition, certain ATC applications may
use Mode S emitters e.g., for vehicle surface surveillance or for fixed
target detection on surveillance systems. Under such specific conditions,
the term “aircraft” can be understood as “aircraft or vehicle” (A/V). While
those applications may use a limited set of data, any deviation from
standard physical characteristics must be considered very carefully by
the appropriate authorities. They must take info account not only their
own surveillance (SSR) environment, but also possible effects on other
systems like ACAS.

Classes of Equipment

a. Two classes of equipment are addressed in these minimum performance
specifications, CLASS 1 and CLASS 2, which are defined in paragraph 1.4.2.4.
b. Unless otherwise stated, the performance criteria specified in this document

apply to both classes of equipment.

Antenna

These minimum performance specifications assume an antenna or antennas having
the characteristics defined in paragraph 3. When only one antenna is used, it shall be
the bottom antenna.

Signal Levels

The specified signal levels shall exist at the antenna end of a transponder-to-antenna
transmission line of loss equal to the maximum for which the transponder is designed.

NOTE: Although it is expected that a transponder will be installed with less than
the designed maximum transmission line loss, these performance
specifications are based on the maximum design value.

RECEIVER CHARACTERISTICS

Received Interrogation Tolerances

The equipment shall meet all criteria of this minimum operational performance
specification with interrogation signals within the tolerance range defined in
paragraph 1.6.

NOTE: Although receiver characteristics for frequency and bandwidth in
paragraphs 3.2.2 to 3.2.4 are specified in terms of Mode A/C
interrogations and replies, the specifications are adequate for both Mode
A/C and Mode S interrogations.

Sensitivity Variation with Frequency

The RF input level needed to produce 90% Mode A or Mode C replies shall not vary
by more than 1dB and shall at no time exceed a level of -69 dBm for standard
interrogation signals in the frequency range of 1 029.8 to 1 030.2 MHz.
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Bandwidth

The level of an interrogation signal needed to trigger the transponder at frequencies
below 1 005 MHz and above 1055 MHz shall be at least 60 dB above the level
needed to trigger the transponder at 1 030 MHz with the same reply efficiency.

NOTE: There is no req