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1   INTRODUCTION 
The T3CAS is an integrated system that provides TCAS II, Transponder, Automatic Dependent 
Surveillance – Broadcast (ADS-B) and Terrain Awareness Warning System (TAWS) functions in a single 
LRU (Line Replaceable Unit). 

1.1   Purpose 
The purpose is to provide the FCC compliance test results for the 6-MCU T3CAS LRU. 

1.2   Scope 
This test results document establishes the FCC operational results for the T3CAS 6 MCU AC/DC LRU, 
Part Number 9005000-10000. 

1.3   References 

Table 1-1: Referenced Industry Documents 

Source Document No. Revision Description 

ABD 0100 04/20/2005 Airbus Industries Document: Equipment – Design / General 
Requirements for Suppliers 

AC No. 20-131A 03/29/1993 Airworthiness and Operational Approval of Traffic Alert and 
Collision Avoidance Systems 

ARINC 413A 12/30/1976 Aircraft Electrical Power Utilization and Transient Protection 

ARINC 429 10/2001 Mark 33 Digital Information Transfer System (DITS) 

ARINC 600 03/2001 Air Transport Avionics Equipment Interfaces 

ARINC 735B 12/14/07 Traffic Computer TCAS and ADS-B Functionality 

Directive 8110.4B 04/24/2000 Type Certification 

ED 14D 

07/1997 
Change 1 
12/2000 

Change 2 
06/2001 

Environmental Conditions and Test Procedures for Airborne 
Equipment 

FAA TSO-C119b 12/18/1998 Traffic Alert and Collision Avoidance System (TCAS) 
Airborne Equipment, TCAS II 

FAA TSO-C151b 12/17/2002 Terrain Awareness and Warning System 

FAA TSO-C166a 12/21/2006

Extended Squitter Automatic Dependent Surveillance – 
Broadcast (ADS-B) and Traffic Information Service – 
Broadcast (TIS-B) Equipment Operating on the Radio 
Frequency of 1090 Megahertz 

FAA TSO-C112 2/5/1986 Air Traffic Control Radar Beacon System/Mode Select 
(ATCRBS/Mode S) Airborne Equipment 

RTCA DO-181C 6/1/2001 
Minimum Operational Performance Standards for Air Traffic 
Control Radar beacon System/Mode Select (ATCRBS/Mode 
S Airborne Equipment) 
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RTCA DO-185B 6/19/2008 Minimum Operational Performance Standards for Traffic 
Allert and Collision Avoidance System II (TCAS II) 

RTCA DO-260A 
(Change 1) 6/27/2006 

Minimum Operational Performance Standards for 1090MHz 
Extended Squitter Automatic Dependent Surveillance – 
Broadcast (ADS-B) and Traffic Information Services – 
Broadcast (TIS-B) 

RTCA DO-260A 
(Change 2) 12/13/2006

Minimum Operational Performance Standards for 1090MHz 
Extended Squitter Automatic Dependent Surveillance – 
Broadcast (ADS-B) and Traffic Information Services – 
Broadcast (TIS-B) 

 

Table 1-2: Referenced ACSS Documents 

Document No. Description 

8007537-001 T3CAS Environmental Qualification Test Procedures 
8007538-001 T3CAS Environmental Qualification Test Results 
8007539-001 T3CAS FCC Compliance Test Plan and Procedures 
8600200-001 T3CAS System Description and Installation Manual 
9005000-10000 T3CAS 6 MCU End Item Drawing 
9005000-10 T3CAS 6 MCU Hardware Assembly Drawing 
9005001-003 T3CAS Outline and Installation Drawing 
9005010-001 T3CAS Rear Interconnect Assembly Drawing 
9005020-001 T3CAS Processor Assembly Drawing 
9005030-001 T3CAS Power Supply Drawing 
9005040-001 T3CAS Transmitter Assembly Drawing 
9005050-002 T3CAS Receiver Assembly Drawing 

 
 
 

1.3.1   FCC Documents 
Table 1-3: Referenced FCC Documents 

CFR Title 47 
Chapter 1 
Part 2 
Subpart J 

Code of Federal Regulations – Telecommunications 
Federal Communications Commission 
Frequency Allocations and Radio Treaty Matters; General Rules and Regulations 
Equipment Authorization Procedures Revised as of October 1, 2001 

CFR Title 47 
Chapter 1 
Part 15 
Subpart A 

Code of Federal Regulations – Telecommunications 
Federal Communications Commission 
Radio Frequency Devices 
General  
Revised as of October 1, 2001 

CFR Title 47 
Chapter 1 
Part 87 
Subpart D 

Code of Federal Regulations – Telecommunications 
Federal Communications Commission 
Aviation Services 
Technical Requirements 
Revised as of October 1, 2001 

 

1.4   Acronyms and Abbreviations 
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Table 1-4: Acronyms and abbreviations 

Acronym Definition 
A/C Aircraft 
AC Advisory Circular 
ACAS Airborne Collision Avoidance System 
ACSS Aviation Communication and Surveillance Systems  
ADC Analog to digital Conversion 
ADL On-Board Data Loader 
ADS-B Automatic Dependent Surveillance - Broadcast 
ANT Antenna 
ASIC Application Specific Integrated Circuit 
ATCRBS Air Traffic Control Radar Beacon System 
BITE Built-In Test Equipment 
CAS Collision Avoidance System 
CCA Circuit Card Assembly 
CCP Common Computing Platform 
CF Compact Flash 
CFR Code of Federal Regulations 
CMM Component Maintenance Manual 
CPA Common Processor Assembly 
CPLD Complex Programmable Logic Device 
CPS Common Power Supply 
CRFA Common RF Assembly 
CS Conducted Susceptibility 
DAR Designated Airworthiness Representative 
DER Designated Engineering Representative 
EMI Electromagnetic Interference 
ESS Environmental Stress Screen 
ESD Electrostatic Discharge 
EUT Equipment Under Test 
FAA Federal Aviation Administration 
FCC Federal Communications Commission 
FMEA Failure Modes and Effects Analysis 
FPGA Field Programmable Gate Array 
HIRF High Intensity Radiated Fields 
HRD Hardware Requirements Document 
HSI Hardware/Software Integration 
HTS Hardware Test Software 
I/O Input/Output 
JTAG Joint Test Action Group 
JAR Joint Aviation Regulations 
LDMOS Laterally Diffused Metal Oxide Semiconductor 
LISN Line Impedance Stabilization Network 
L-3 L-3 Communications, Inc. 
LBP Left Bottom Plug 
LMP Left Middle Plug 
LO Local Oscillator 
LTP Left Top Plug 
LED Light-Emitting Diode 
LRU Line Replaceable Unit 
MCU Modular Concept Unit 
MOPS Minimum Operational Performance Specification 
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Table 1-4: Acronyms and abbreviations 

Acronym Definition 
NTS National Technical Systems 
PC Personal Computer 
PDL Portable Data Loader 
PWM Pulse Width Modulation 
QA Quality Assurance 
Qual Qualification 
RBP Right Bottom Plug 
RMP Right Middle Plug 
RTP Right Top Plug 
RCVR/Rx Receiver 
RF Radio Frequency 
RFI Radio Frequency Interference 
RS Radiated Susceptibility 
RTCA Radio Technical Commission for Aeronautics 
SRS System Requirements Specification 
SSA System Safety Assessment 
TAWS Terrain Awareness and Warning System 
TCAS Traffic Alert and Collision Avoidance System  
TSO Technical Standard Order 
TX/XMTR Transmitter 
UUT Unit Under Test 
VHF Very High Frequency 
XPDR Transponder 
XTAL Crystal 
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2   GENERAL INFORMATION 

2.1   Type Designation 
The equipment has been designated by ACSS as T3CAS Integrated Platform, P/Ns 9005000-10000 
(AC/DC Power). 

2.2   Service and Rule for Intended Operation 
Air Traffic Control 
Part 87, Subpart A 

2.3   Description of Equipment 

2.3.1   T3CAS Functionality 
The T3CAS Integrated Platform combines TCAS II, TAWS, Mode S Transponder, and ADS-B Functions in 
a single LRU. The T3CAS unit will meet the following TSO documents: 
 

• TSO-C119b, TCAS-II 
• TSO-C151b, TAWS 
• TSO-C181c, Mode S Transponder 
• TSO-C166a, 1090MHz ADS-B (Receive and Transmit) 

2.3.1.1   Type of Emission 
18MOP1D 

2.3.1.2   Frequency Range 
1030 ± 0.01 MHz and 1090 ± 1 MHz 

2.3.1.3   Power Rating 
0.4 to 500 Watts Peak Effective Radiated Power (Pulsed) 

2.3.1.4   Final Power Amplifier 
There are four chains. On each chain, the Power Amplifier stage comprises of three, narrowband RF 
stages, each employing enhancement mode, LDMOS FETs. The total power amplifier gain at 1 dB 
compression is approximately 48 dB at both 1030 and 1090 MHz. The final power amplifier is a 300W 
LDMOS TRANSISTOR and is configured for Class AB operation. 

2.3.1.5   Active Device Functions 
Table 2-1: T3CAS Active Devices 

Function Device Type Part Manufacterer 

Oscillator 
Temperature Compensated Crystal 
Oscillator (TCXO) E4705 Rakon 

PLL Device with integrated VCO  ADF4360 chip Analog Devices 

Transmitter 

Gain Block, Id = 35mA, 17 dB Gain  ADA-4643 AVAGO Technologies 
Gain Block, Id = 15mA, 15.1 dB Gain ADA-4543 AVAGO Technologies 
Gain Block, Id = 60mA, 16.5 dB Gain ADA-4743 AVAGO Technologies 

4W LDMOS Amplifier SLD-1083CZ RFMD/SIRENZA/Premier 
Devices Inc (PDI) 

12W LDMOS Amplifier SLD-2083CZ RFMD/SIRENZA/Premier 
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Devices Inc (PDI) 
300W LDMOS Amplifier BLA1011-300 NXP Semiconductor/Philips 

Pulse Modulator 
and DPSK 
Modulator 

14-bit DAC with internal PLL (uses 
DDS) AD9722A Analog Devices 

2.3.2   Circuit Diagram 
A block diagram and schematics will be provided with the FCC Form 731 when the application for 
certification is filed with the FCC. 

2.3.3   Instruction Book 
An ACSS document, System Description and Installation Manual, 8600200-001, provides instructions for 
the proper installation of the T3CAS Integrated Platform on a given aircraft. 

2.3.4   Tune-up Procedure 
No field tuning is required. Alignment is performed in the factory. 

2.3.5   Oscillator Circuit 
Two LO circuits exist in the T3CAS LRU.  One LO generates the 1170 MHz signal used by the Transmitter 
CCA and by the Receiver self test oscillator.   The second generates the 1202 MHz used by the eight 
receiver down converters.  The LOs share the same 32MHz reference oscillator (Y1), and are nearly 
identical circuits.   It is the programming provided by the FPGA that determines the LO frequency of each 
oscillator.  Since the circuits are nearly identical, only one is described below. 

2.3.6   LO Source Circuitry 
The Receiver LO signal is generated in U9, and the Transmitter LO signal is generated in U135, which 
are both integrated VCO and phase-locked loop (PLL) circuits.  On each, the LO signal output is passed 
through a series-resonant LC circuit formed and then passed to an RF amplifier via a pad.  The output of 
the Receiver LO circuit is passed to the Receiver LO distribution circuitry, and the output of the 
Transmitter LO circuit amplifier is passed to the TX LO/Self test circuit.      
 
The inductors are used to set the oscillation range when the LO is implemented using the ADF4360-7 
component.   The ADF4360-6 version requires a zero-ohm jumper at two of the inductors.  The R-C 
network between pins 7 and 24 on each chip is part of the oscillator feedback circuit that affects stability, 
phase noise, and lock time.   The signal pin 20 indicates when the PLL is in “locked” mode, which occurs 
after the inputs to the phase detector within the ADF4360 are in phase, and indicates that the oscillator is 
on frequency. 
 
The control voltage input on pin 23 is the ”Chip Enable” signal, and must be driven by the TCAS FPGA 
(for the RX LO) or the TX FPGA (for the TX LO) to be high for normal LO operation. 
 
Programming of the LO oscillator is done using the LE, CLK, and DATA inputs (Driven by Spartan 3 
FPGA) to the ADF4360 chip. 

2.3.7   Frequency Stabilization 
Temperature Compensated Crystal Oscillator (TCXO). 

2.3.8   Modulation Limiting 
Not Applicable 
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2.3.9   Radiated Interference Suppression 
The modulation bandwidth of the pulsed signals (1030 and 1090 MHz) is controlled by affecting the rise 
and fall times (SPR Width – Mode S interrogation) of the RF pulses generated by the transmitter.  Prior to 
the gain stages and final amplifier, there is a band pass filter intended to filter out spurious signals and 
attenuate sideband emissions caused by modulation.  After the final amplifier, a harmonic filter is used to 
attenuate the 2nd and 3rd harmonics of the transmitted signal. 
 

Filter Gain Stages
& Final Amp

Harmonic
Filter

 
 
 
The spectral output for 1030 MHz transmissions will be limited to the following schedule: 
 
Frequency difference    Relative power 
(MHz from carrier)    (dB below maximum) 

≥ 4, < 6     6 
≥ 6, < 8     11 
≥ 8, < 10     15 
≥ 10, < 20     19 
≥ 20, < 30     31 
≥ 30, < 40     38 
≥ 40, < 50     43 
≥ 50, < 60     47 
≥ 60, < 90     50 
≥ 90      60 

 
The spectral output for 1090 MHz transmissions will be limited to the following schedule: 
 
Frequency difference    Relative power 
(MHz from carrier)    (dB below maximum) 

≥ 1.3, < 7     3 
≥ 7, < 23     20 
≥ 23, < 78     40 
≥ 78     60 
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3   MODULATION DETAILS 

3.1   ATCRBS Interrogations 
Interrogations are sent out on an intentionally jittered 1+0.2 second interval in increasing power levels 
according to the schedules shown in Table 3-4, Table 3-5, and Table 3-6. By transmitting the weakest 
signals first only the closest aircraft will reply. The interrogations progress in a roughly circular pattern 
weighted toward the front of the aircraft since that is the area from which the greatest closing speeds 
originate. In areas of high density the sequence is halted when the computer has reached a limit defined 
by a complex set of three inequalities. In this manner, interference to other TCAS equipped aircraft in the 
area is minimized since the strongest interrogations are the first to be dropped. The priority of elimination 
of steps for interference limiting is also shown in Table 3-4, Table 3-5, and Table 3-6. This priority is 
inversely related to the order of the step sequence. 
 
Pulse Widths:     0.8 + 0.05 usec 
Rise Times (10% to 90%):  ≥ 0.05 usec., < 0.1 usec 
Fall Times (90% to 10%):  ≥ 0.05 usec., < 0.2 usec 
 

S1 P1 P3 P4

Pa

Pb
 

Figure 3-1: ATCRBS Interrogations 

Pulses P1, P3, and P4 will appear in all interrogation steps of the whisper / shout sequence and will be at 
the same power level. Pulse S1 will appear in all steps except the initial step on each antenna direction 
and at a level two or three dB below the level of P1, etc. according to the schedules shown in Figure 3-1 
through Figure 3-4. The steps occur at intervals of two milliseconds until the entire program is complete. 
The program length depends upon the individual aircraft installation. Options are available from using 
either an omni-directional bottom antenna or a directional bottom antenna. The top antenna is always 
directional. Pulses Pa and Pb are transmitted on the antenna. They are used for suppression of sensitivity 
of the receiving aircraft to the indicated pulses: 
 
S1 =  -2 microseconds 
P1 =   0 microseconds 
PA =   2 microseconds 
PB =  19 microseconds 
P3 =   21 microseconds 
P4 =   23 microseconds 
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3.2   Mode S Interrogations 
Details of the Mode S interrogations are shown in Figure 3-2 below. The preamble and the synchronizing 
phase reversal (SPR) will appear the same in all interrogations. The data block will be either 56 or 112 
chips of 0.25 microseconds, depending upon the type of reply desired. The data chips will be reversed 
phase from their previous chips if their data bid are 1, they will remain the same phase as the previous 
chips is their data bits are 0. The allowable transition time of the phase reversals is a maximum of 80 
nanoseconds. The Mode S interrogations are transmitted after the whisper/shout sequence of ATCRBS 
interrogations. When no Mode S equipped aircraft are replying, the TCAS CU sends out Mode S 
broadcast interrogations based upon a 10 second pattern with 2 or 3 seconds between transmissions on 
the four lobes of the antenna. The time remaining after the Mode S transmissions are completed is used 
as a listening period for other unacquired aircraft. 
 
• Preamble Pulse Widths:   0.8 + 0.05 usec 
• Rise Times (10% to 90%):  < 0.1 usec 
• Fall Times (90% to 10%):  < 0.2 usec 
 
 

P1 P6P2

SPR

 
Figure 3-2: Mode S Interrogations 

Timing of the Mode S interrogations is as follows, referenced to the leading edge of the P1 pulse: 

Table 3-1: Mode S Interrogations Timing 

Pulse Distance 
P1 0.0 microseconds 
P2 2.0 microseconds 
P6 3.5 microseconds 
SPR 4.75 microseconds 
Bit 1 5.25 microseconds 
End P6 19.75 microseconds (56 bits) 

33.75 microseconds (112 bits) 
 
 

Table 3-2: Mode S Interrogations, Omni-directional Antenna 

Omni-Directional Antenna 
Nominal Power Levels (dB relative to full power) 

Level P1,P3, P4 Pulses S1 Pulse 
00 -13 -16 
01 -15 -18 
02 -17 -20 
03 -19 -22 
04 -21 -24 
05 -23 -26 
06 -25 none 
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Table 3-3: Mode S directional Antenna Interrogation Transmission Levels 

Directional Antenna 
Nominal Power Levels (dB relative to full power) 

Level P1,P3, P4 S1 Pulse Pa, Pb Pulse 
D0 0 -3 -2 
D1 -1 -3 -3 
D2 -2 -5 -4 
D3 -3 -5 -5 
D4 -4 -7 -6 
D5 -5 -7 -7 
D6 -6 -9 -8 
D7 -7 -9 -9 
D8  -8 -11 -10 
D9  -9 -11 -11 
D10  -10 -13 -12 
D11  -11 -13 -13 
D12  -12 -15 -14 
D13  -13 -15 -15 
D14  -14 -17 -16 
D15  -15 -17 -17 
D16  -16 -19 -18 
D17  -17 -19 -19 
D18  -18 -21 -20 
D19  -19 -21 -21 
D20  -20 -23 -22 
D21  -21 -23 -23 
D22  -22 -25 -24 
D23  -23 -25 -25 
D24  -24 -27 -26 
D25  -25 -27 -27 
D26  -26 -- -16 (P4 only) 
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Table 3-4: Top Directional/Bottom –Omni-Directional Interrogation Sequence 

Bottom Omni-Directional Antenna 
Interference Limiting Priority / Interrogation Level 

98 / 06 
97 / 05 
96 / 04 
95 / 03 
94 / 02 
93 / 01 
92 / 00 

 
Top Directional Antenna 

Interference Limiting Priority / Interrogation Level 
0° 180° 90° 270° 
91 / D26 - - - 
90 / D25 - - - 
89 / D24 - - - 
88 / D23 - 87 / D26 86 / D26 
85 / D22 - 84 / D25 83 / D25 
82 / D21 - 81 / D24 80 / D24 
79 / D20 - 78 / D23 77 / D23 
76 / D19 - 75 / D23 74 / D22 
73 / D18 72 / D26 71 / D21 70 / D21 
69 / D17 68 / D25 67 / D20 66 / D20 
65 / D16 64 / D24 63 / D20 62 / D19 
61 / D15 60 / D23 59 / D18 58 / D18 
57 / D14 56 / D22 55 / D17 54 / D17 
49 / D12 48 / D20 47/ D15 46 / D15 
45 / D11 44 / D19 43 / D14 42 / D14 
41 / D10 40 / D18 39 / D13 38 / D13 
37 / D9 36 / D17 35 / D12 34 / D12 
33 / D8 32 / D16 31 / D11 30 / D11 
29 / D7 28 / D15 27 / D10 26 / D10 
25 / D6 24 / D14 23 / D9 22 / D9 
21 / D5 20 / D13 19 / D8 18 / D8 
17 / D4 16 / D12 15 / D7 14 / D7 
13 / D3 12 / D11 11 / D6 10 / D6 
9 / D2 8 / D10 7 / D5 6 / D5 
5 / D1 4 / D10 3 / D4 2 / D4 
1 / D0  - - - 

(Interrogation sequence is right to left, top to bottom) 
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Table 3-5: Top Directional/Bottom Directional Interrogation Sequence 

Interference Limiting Priority / Interrogation Level 
Top Directional Antenna Bottom Directional Antenna 
0° 180° 90° 270° 0° 180° 90° 270° 
113 / D26 - - - 112 / D26 - - - 
111/ D25 - - - - 110 / D25 - - 
109/ D24 - - - 108 / D24 - - - 
107/ D23 - - - 106 / D23 - - - 
- - 105 / D26 104 / D26 - - 103 / D26 102 / D26 
101 / D22 - - - 100 / D22 - - - 
- - 99 / D25 98 / D25 - - 97 / D25 96 / D25 
95 / D21 - - - 94 / D21 93 / D26 - - 
- - 92 / D24 91 / D24 - - 90 / D24 89 / D24 
88 / D20 - - - 87 / D20 86 / D25 - - 
- - 85 / D23 84 / D23 - - 83 / D23 82 / D23 
81 / D19 - - - 80 / D19 79 / D24 - - 
- - 78 / D22 77 / D22 - - 76 / D22 75 / D22 
74 / D18 - - - 73 / D18 - - - 
- 72 / D26 71 / D21 70 / D21 

Interrogations 
for each sector 
that has a TA 
or RA present 

. 

69 / D17 68 / D25 67 / D20 66 / D20 
65 / D16 64 / D24 63 / D19 62 / D19 
61 / D15 60 / D23 59 / D18 58 / D18 
57 / D14 56 / D22 55 / D17 54 / D17 
53 / D13 52 / D21 51 / D16 50 / D16 
49 / D12 48 / D20 47 / D15 46 / D15 
41 / D10 40 / D18 39 / D13 38 / D13 
37 / D9 36 / D17 35 / D12 34 / D12 
33 / D8 32 / D16 31 / D11 30 / D11 
29 / D7 28 / D15 27 / D10 26 / D10 
25 / D6 24 / D14 23 / D9 22 / D9 
21 / D5 20 / D13 19 / D8 18 / D8 
17 / D4 16 / D12 15 / D7 14 / D7 
13 / D3 12 / D11 11 / D6 10 / D6 
9 / D2 8 / D5 7 / D5 6 / D5 
5 / D1 4 / D9 3 / D4 2 / D4 
1 / D0 - - - 
    1/ D17  1 / D23 1 / D21 1 / D21 
    1 / D16 1 / D22 1 / D20 1 / D20 
    1 / D15 1 / D21 1 / D19 1 / D19 
    1 / D14 1 / D20 1 / D18 1 / D18 
    1 / D13 1 / D19 1 / D17 1 / D17 
     1 / D18 1 / D16 1 / D16 
     1 / D17 1 / D15 1 / D15 
     1 / D16 1 / D14 1 / D14 
     1 / D15 1 / D13 1 / D13 
     1 / D14   
     1 / D13   

(Interrogation sequence is right to left, top to bottom) 

 

3.3   ATCRBS Replies 
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ATCRBS replies are pulse amplitude modulated signals (PAM), and are formed in response to Mode A or 
Mode C interrogations.  Mode A replies consist of a 4096 code which is an identifier and an optional SPI 
pulse.  The Transmitter CCA transmits ATCRBS reply pulse waveforms as shown in Figure 3-3. 

 

4.35

18.85 20.317.415.9514.513.0511.610.158.77.255.84.352.91.450

TIME (µs)

F
   1

C
   1

A
   1

C
   2

A
   2

C
   4

A
   4

X
   

B
   1

D
   1

B
   2

D
   2

B
   4

D
   4

F
   2 SPI

 
Figure 3-3: ATCRBS Reply 

The designator of the information pulses and their positions from the first framing pulse are as follows: 

Table 3-6: ATCRBS Reply Pulse Characteristics/Position 

Pulse Position (µsec) 
FIRST FRAMING PULSE 0.0 

C1 1.45 
A1 2.90 
C2 4.35 
A2 5.80 
C4 7.25 
A4 8.70 
X1 10.15 
B1 11.60 
D1 13.05 
B2 14.50 
D2 15.95 
B4 17.40 
D4 18.85 

LAST FRAMING PULSE 20.30 
SPI 24.65 

Note 1: The X pulse is referenced here for possible future use. 

The ATCRBS Reply Pulse Spacing Tolerance is as follows:  

•  First framing pulse to information/last framing pulse ± 0.1 µsec 

•  Last framing pulse to SPI pulse    ± 0.1 µsec 

•  Any 2 pulses in pulse group (except First framing pulse) ± 0.15 µsec 

The ATCRBS pulse characteristics are as specified in Table 3-7. 

Table 3-7: ATCRBS Reply Pulses (in microseconds) 

 Rise Time Decay Time 
Pulse Designator Pulse Duration Duration Tolerance Min. Max. Min. Max 
ATCRBS Reply Pulses 0.45 ± 0.10 0.05 0.1 0.05 0.2 
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3.4   Mode S Replies 
Mode S (Short & Long) replies, including preamble, data pulse, pulse shape, pulse spacing tolerance, 
and delay and jitter characteristics will be as follows.    

The Transmitter CCA transmits Mode S reply pulse waveforms as shown in Figure 3-4. 
PREAMBLE

8.0 µs
DATA BLOCK
56 OR 112 µs

TIME (µs)

0.0 0.5 1.0 3.5 4.5 8.0 9.0

1 0 1 0 1 0 1 0 1 01 0

BIT 1 BIT 2 BIT 3 BIT 4 BIT N
BIT
N-1

0 0 1 0 0 0 1

DATA BLOCK
EXAMPLE:

P
   1

P
   2

P
   3

P
   4

 
Figure 3-4: Mode S Reply 

1. Mode S Reply 

a. The Mode S preamble consists of four 0.5 ± 0.05 microsecond pulses.   

b. The second, third and fourth pulses are spaced 1.0, 3.5, and 4.5 microseconds respectively from 
the first transmitted pulse. 

c. The block of reply data pulses begins 8.0 microseconds after the first transmitted pulse and is 
either 56 or 112 one microsecond intervals depending on the type of Mode S Reply. 

d. A pulse with a width of 0.5 ± 0.05 microseconds is transmitted either in the first (data bit “1”) or in 
the second half (data bit “0”) of each interval.  Also, if a pulse transmitted in the second half of 
one interval is followed by a pulse transmitted in the first half of the next interval, the two pulses 
merge.  Once the merging occurs, a 1.0 ± 0.05 microsecond pulse is transmitted 

2. Mode S Reply Pulse Shape 

a. The pulse rise and decay time are as specified in Table 3-8. 

Table 3-8: Mode S Reply Pulses (in microseconds) 

 Rise Time Decay Time 
Pulse Designator Min. Max. Min. Max 

Mode S Reply Pulses 0.05 0.1 0.05 0.2 

3. Mode S Reply Pulse Spacing Tolerance 

a. Mode S Reply pulses start at a defined multiple of 0.5 microseconds from the first transmitted 
pulse. 

b. The pulse position tolerance be ± 0.05 microseconds, measured from the first pulse of the reply. 
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4   EQUIPMENT AND SETUP 

4.1   Test Equipment 
The test equipment used, are listed in each test results section below. 

4.1.1   Setup Block Diagram 
Setup block diagrams are shown in each test results section below. 

4.2   LRU Setup 

 
Figure 4-1: Test Equipment Setup 
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Figure 4-2: Test Equipment Setup and Temperature Chamber 

4.2.1   Hardware Configuration 
Testing was conducted on a single T3CAS LRU ACSS P/N 9005000-10001, S/N TQE00214 which was 
built using factory methods to hardware MOD C. 

4.2.2   Software Configuration 
Prior to testing, the software part numbers were acquired from the unit and are listed in Figure 4-3. 



Document Number 
8007540-001 

T3CAS FCC Compliance Test Results Revision 
- 

 

ACSS 
Proprietary 

Use or disclosure of the information on this sheet is subject to the 
proprietary notice on the title page. 

Page 24  

 

 
Figure 4-3: TQE00214 Part Number Dump 
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5   DRAWINGS AND PHOTOGRAPHS 

5.1   Drawings 
End Item and its associated drawings will be furnished with the applications. Refer to Table 1-2 for a list 
of these ACSS drawings that will be furnished with the application. 

5.2   Photographs 
Photographs of the T3CAS unit illustrating the assembly drawings are found in Figure 5-1 through Figure 
5-18. All original photographs are available for inspection. 
 

 
Figure 5-1: T3CAS Front Name Plate 
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Figure 5-2: Back Panel Showing ARINC Connector 
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Figure 5-3: Left Side View, Covers Removed 
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Figure 5-4: Right Side View Covers Removed, Showing A5 Receiver CCA 
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Figure 5-5: View Showing A2 Processor CCA 
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Figure 5-6: View Showing A3 Power Supply Heat Sink, Processor CCA Removed 
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Figure 5-7: View Showing A3 Power Supply CCA 
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Figure 5-8: View Showing A4 Transmitter CCA, A5 Receiver Removed 
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Figure 5-9: View Showing Front Plate Assembly 
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Figure 5-10: View Showing A1 Interconnect CCA 
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Figure 5-11: Front Side View of A2 Processor CCA 
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Figure 5-12: Back Side View of A2 Processor CCA 
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Figure 5-13: Front Side View of A3 Power Supply Assembly 
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Figure 5-14: Back Side View of A3 Power Supply Assembly 
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Figure 5-15: Front Side View of A4 Transmitter Assembly, Cover Removed 
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Figure 5-16: Back Side View of A4 Transmitter Assembly, Cover Removed 
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Figure 5-17: Front Side View of A5 Receiver CCA Assembly, Cover Removed 
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Figure 5-18: Back Side View of A5 Receiver CCA Assembly, Cover Removed 
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6   FCC COMPLIANCE TEST PLAN 

6.1   FCC Compliance Overview 
The Code of Federal Regulations, Title 47, Volume 1, Part 2, Subpart J (47CFR2.xxxx) provides 
procedures for radio frequency equipment to be authorized by the FCC.  Certification is an equipment 
authorization issued by the commission, based on representations and test data submitted by the 
applicant.  Certification attaches to all units subsequently marketed by the grantee which are identical 
(see section 6.1.2   ) to the sample tested except for permissive changes or other variations authorized by 
the commission. 

6.1.1   FCC Identifier 
47CFR2.924 states that equipment, which has been authorized by the FCC, bears an FCC Identifier.  
Equipment, which has been authorized, may be marketed under different model/type numbers or trade 
names without additional authorization from the commission, provided that such devices are electrically 
identical and the equipment bears an FCC Identifier validated by a grant of equipment authorization. 

6.1.2   Changes in Certified Equipment 
47CFR2.907, 8 defines Identical as either being units whose variances fall within those expected to arise 
as a result of quantity production techniques, or those that have been changed where the change meets 
the criteria of a permissive change.  
 
47CFR2.1043 states that changes to the basic frequency determining and stabilizing circuitry (including 
clock or data rates), frequency multiplication stages, basic modulator circuit or maximum power or field 
strength ratings shall not be performed without application for and authorization of a new grant of 
certification. 
 
Variations in electrical or mechanical construction, other than the above indicated items, are permitted 
provided the variations either do not affect the characteristics required to be reported to the commission 
or are made in compliance with other provisions in 47CFR2.1043 
 
Two classes of permissive changes may be made in certified equipment without requiring a new 
application for and grant of certification.  Neither class of change shall result in a change of identification.   
 

• A Class I permissive change includes those modifications in the equipment that do not 
degrade the characteristics reported by the manufacturer and accepted by the commission 
when certification is granted (i.e., power, frequency, etc.).  No filing with the commission is 
required for a Class I permissive change. 

 
• A Class II permissive change includes those modifications that degrade the performance 

characteristics as reported to the commission at the time of initial certification. 

6.2   T3CAS Units Subjected to FCC Compliance Testing 
One T3CAS AC/DC unit, Part Number 9005000-10000, was subjected to the full suite of FCC Compliance 
tests: Serial Number TQE00214. 
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7   TEST DATA AND FACILITIES 

7.1   Locations of Test Results 
Table 7-1 contains the locations of FCC Compliance Test Results within this document. 

Table 7-1: Locations of Test Results Within This Document 

Paragraph Description 
8.3    Power Output 
9.3    Modulation Characteristics 
10.3    Occupied Bandwidth and in Close Spurious 
11.3    Spurious Emissions 0-2000 MHz 
11.4    Spurious Emissions 2000-11330 MHz 
11.5    Spurious Emissions L.O. Leakage 
12.3    Spurious Emissions (Radiated) 
13.3    Frequency Stability (Temperature) 
13.4    Frequency Stability (Primary Power Variation) 

 

7.2   Location of Test Facilities 
FCC testing was performed at the following facilities: 
 
Spurious Emissions (Conducted and Radiated) except L.O. Leakage 
National Technical Systems (NTS) 
1536 East Valencia Drive 
Fullerton, California 92831-4797 
 
All other tests 
ACSS 
19810 North 7th Avenue 
Phoenix, Arizona 85027-4400 
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8   RF POWER OUTPUT 

8.1   47CFR Reference 
2.1046, RF Power Output 
87.135, Bandwidth of Emission 

8.2   RF Power Output Test Setup 

8.2.1   Equipment and Block Diagram 
Table 8-1: RF Power Output Test Equipment 

Block Diagram 
Reference Type Manufacturer Model P/N 

A T3CAS LRU ACSS 9005000-10000 
B T3CAS Qualtest Station ACSS 9001041-001 
C Attenuator (or equivalent) Narda 765-20 
D Attenuator (or equivalent) Narda 765-20 
E Peak Power Analyzer Agilent N1911A 
F Spectrum Analyzer Agilent N9020A 

 

B

A

C D E,F

 
Figure 8-1: RF Power Output Test Setup 

8.3   Test Results Data 
Results from measurements of RF Power Output can be found in Table 8-2. Frequency measurements 
were rounded to the nearest kHz. Frequency deviations were 5 kHz or less, power deviations between 
ports were less than 0.78 dB for transponder modes, and less than 0.33 dB for TCAS modes. 

Table 8-2: Results of RF Power Output Measurements 

RF Power Output Top 0 Top 90 Top 180 Top 270 Bot 0 Bot 90 Bot 180 Bot 270 

TC
A

S 

Mode 
S 

Freq (MHz) 1029.997 1030.001 1029.997 1030 1029.999 1030.002 1030 1029.998 
Pwr (dBm) 54.08 53.87 53.94 54.07 53.86 53.90 53.77 53.93 

Mode 
C 

Freq (MHz) 1029.997 1029.999 1029.997 1030 1029.999 1029.997 1029.999 1030 
Pwr (dBm) 53.97 53.84 54.01 54.04 53.82 53.95 53.71 53.82 

XP
D

R
 Mode 

S 
Freq (MHz) 1089.998 1089.999 1090 1089.999 1089.999 1089.999 1089.999 1089.999 
Pwr (dBm) 51.84 52.23 52.61 51.91 52.05 51.95 52.61 52.01 

Mode 
C 

Freq (MHz) 1089.998 1089.998 1090 1089.999 1089.999 1089.998 1089.999 1089.999 
Pwr (dBm) 51.94 52.21 52.64 51.90 52.02 51.95 52.61 52.02 
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9   MODULATION CHARACTERISTICS 

9.1   47CFR Reference 
2.1047 Modulation Characteristics 
87.141c, Modulation Requirements 

9.2   Modulation Characteristics Test Setup 

9.2.1   Equipment and Block Diagram 
Table 9-1: Modulation Characteristics Test Equipment 

Block Diagram 
Reference Type Manufacturer Model P/N 

A T3CAS LRU ACSS 9005000-10001 
B T3CAS Qualtest Station ACSS 9001041-001 
C Attenuator (or equivalent) Narda 765-20 
D Attenuator (or equivalent) Narda 765-20 
E Peak Power Analyzer Boonton  

 

B

A

C D E

 
Figure 9-1: Modulation Characteristics Test Setup 

9.3   Test Results Data 
See Appendix A for screen captures. 
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10   OCCUPIED BANDWIDTH AND IN CLOSE SPURIOUS 

10.1   47CFR Reference 
2.1049, Occupied Bandwidth 
87.135, Bandwidth of Emission 

10.2   Occupied Bandwidth and In Close Spurious Test Setup 

10.2.1   Equipment and Block Diagram 
Table 10-1: Occupied Bandwidth Test Equipment 

Block Diagram 
Reference Type Manufacturer Model P/N 

A T3CAS LRU ACSS 9005000-10001 
B T3CAS Qualtest Station ACSS 9001041-001 
C Attenuator (or equivalent) Narda 765-20 
D Attenuator (or equivalent) Narda 765-20 
E Spectrum Analyzer Agilent N9020A 

 

B

A

C D E

 
Figure 10-1: Occupied Bandwidth Test Setup 

10.3   Test Results Data 
Occupied bandwidth was less than 3 MHz for all transmission modes and antenna ports. 

Table 10-2: Occuped Bandwidth and In-Close Spurious Results 

Occupied BW 
(MHz) 

Top 0 Top 90 Top 180 Top 270 Bot 0 Bot 90 Bot 180 Bot 270 

TC
A

S Mode S 2.9694 2.9702 2.9699 2.9690 2.9700 2.9693 2.9690 2.9680 
Mode C 2.1433 2.1356 2.7032 2.1335 2.1461 2.1432 2.1452 2.1224 

XP
D

R Mode S 2.7317 2.7593 2.7472 2.7622 2.7278 2.7710 2.7366 2.7512 
Mode C 2.8304 2.8024 2.8013 2.8030 2.8309 2.8131 2.8022 2.8057 
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11   SPURIOUS EMISSIONS AT ANTENNA TERMINALS 

11.1   47CFR Reference 
2.1051, Spurious Emissions at Antenna Terminals 
87.139, Emissions Limitations 

11.2   Spurious Emissions Test Setup 

11.2.1   Equipment and Block Diagram 
Table 11-1: Spurious Emissions at Antenna Terminals Test Equipment 

Block Diagram 
Reference Type Manufacturer Model P/N 

A T3CAS LRU ACSS 9005000-10001 
B T3CAS Qualtest Station ACSS 9001041-001 
C Attenuator (or equivalent) Narda 765-20 
D Attenuator (or equivalent) Narda 765-20 
E Spectrum Analyzer Agilent N9020A 

 

B

A

C D E

 
Figure 11-1: Spurious Emissions at Antenna Terminals Test Setup 

Table 11-2: L.O. Leakage Test Equipment 

Block Diagram 
Reference Type Manufacturer Model P/N 

A T3CAS LRU ACSS 9005000-10001 
B T3CAS Qualtest Station ACSS 9001041-001 
C Spectrum Analyzer Agilent N9020A 

 

B

A

C

 
Figure 11-2: L.O. Leakage Test Setup 

11.3   Test Results Data, 0 – 2000 MHz 
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Figure 11-3: Spurious Emissions, 0-200 MHz 
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Figure 11-4: Spurious Emissions, 200-400 MHz 
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Figure 11-5: Spurious Emissions, 400-600 MHz 
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Figure 11-6: Spurious Emissions, 600-800 MHz 
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Figure 11-7: Spurious Emissions, 800-1000 MHz 
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Figure 11-8: Spurious Emissions, 1000-1200 MHz 
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Figure 11-9: Spurious Emissions, 1200-1400 MHz 
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Figure 11-10: Spurious Emissions, 1400-1600 MHz 
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Figure 11-11: Spurious Emissions, 1600-1800 MHz 
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Figure 11-12: Spurious Emissions, 1800-2000 MHz 

11.4   Test Results Data, 2000 – 8000 MHz 

Frequency 
(MHz) 

Calibration 
Factor (dB) 

Top 
Antenna 
Spurious 

Level (dB) 

Bottom 
Antenna 
Spurious 

Level (dB) 

Top Antenna 
Spurious 

Level 
Corrected (dB)

Bottom 
Antenna 

Spurious Level 
Corrected (dB) 

Spurious 
Output 
Limit 

2060 60.37 -50.242 -62.997 10.128 -2.627 12.5 dBm
2180 63.15 -59.027 -58.787 4.123 4.363 12.5 dBm
3090 51.5 -62.340 -62.813 -10.84 -11.313 12.5 dBm
3270 51.43 -61.123 -61.498 -9.693 -10.068 12.5 dBm
4120 53.48 -62.402 -62.996 -8.844 -9.516 12.5 dBm
4360 52.83 -62.324 -62.730 -9.494 -9.9 12.5 dBm
5150 52.78 -61.569 -62.814 -8.789 -10.034 12.5 dBm
5450 54.04 -61.965 -60.967 -7.925 -6.927 12.5 dBm
6180 51.38 -61.244 -63.007 -9.864 -11.627 12.5 dBm
6540 56.78 -63.011 -62.727 -6.231 -5.947 12.5 dBm
7210 54.78 -61.757 -61.932 -6.977 -7.152 12.5 dBm
7630 63.65 -63.161 -61.739 0.489 1.911 12.5 dBm
8240 60.98 -63.633 -63.644 -2.653 -2.664 12.5 dBm

 
*Test equipment limitations preclude spurious testing above 8.24 GHz.  
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Figure 11-13: TCAS 2nd Harmonic 
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Figure 11-14: XPDR 2nd Harmonic 
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Figure 11-15: TCAS 3rd Harmonic 
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Figure 11-16: XPDR 3rd Harmonic 
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Figure 11-17: TCAS 4th Harmonic 
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Figure 11-18: XPDR 4th Harmonic 



Document Number 
8007540-001 

T3CAS FCC Compliance Test Results Revision 
- 

 

ACSS 
Proprietary 

Use or disclosure of the information on this sheet is subject to the 
proprietary notice on the title page. 

Page 65  

 

 
Figure 11-19: TCAS 5th Harmonic 
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Figure 11-20: XPDR 5th Harmonic 
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Figure 11-21: TCAS 6th Harmonic 
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Figure 11-22: XPDR 6th Harmonic 
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Figure 11-23: TCAS 7th Harmonic 
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Figure 11-24: XPDR 7th Harmonic 

11.5   Test Results Data, L.O Leakage 
 

Table 11-3: Local Oscillator Leakage Results 

L.O Leakage Top 0 Top 90 Top 180 Top 270 Bot 0 Bot 90 Bot 180 Bot 270 

1170 
Freq (MHz) 1169.999 1170.000 1170.002 1169.999 1169.999 1169.999 1170.000 1170.000
Pwr (dBm) ‐93.217 ‐100.114 ‐100.500 ‐97.447 ‐90.209 ‐99.151 ‐100.730 ‐97.363 

1202 
Freq (MHz) 1201.999 1201.999 1201.999 1201.999 1201.999 1201.999 1201.999 1201.999
Pwr (dBm) ‐82.568 ‐81.103 ‐83.614 ‐80.497 ‐84.992 ‐83.703 ‐80.526 ‐92.184 
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12   FIELD STRENGTH OF SPURIOUS RADIATION 

12.1   47CFR Reference 
2.1053, Field Strength of Spurious Radiation 
15.109, Radiated Emissions Limits 
15.31, Measurement Standards 
15.33, Frequency Range of Radiated Measurements 
87.139, Emissions Limitations 

12.2   Spurious Radiation Test Setup 

12.2.1   Equipment and Block Diagram 
Table 12-1: Field Strength of Spurious Radiation Test Equipment 

Block Diagram 
Reference Type Manufacturer Model P/N 

A T3CAS LRU ACSS 9005000-10001 
B T3CAS Qualtest Station ACSS 9001041-001 
C Termination ATTA N4425-10 
D Antenna, Biconical Emco 3109 
E Antenna, Log Per. Aprel AL-2001 
F Antenna, Horn Aprel AH-118 
G Spectrum Analyzer Hewlett-Packard HP8566B 
H Preselector Hewlett-Packard 85685A 
I Quasi-Peak Hewlett-Packard 85650A 

 

B

A

C D,E,F G,H,I

3m

 
Figure 12-1: Field Strength of Spurious Radiation Test Setup 

12.3   Test Results Data 
See Appendix B for National Technical Systems (NTS) report. 
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13   FREQUENCY STABILITY 

13.1   47CFR Reference 
2.1055, Frequency Stability 
15.31, Measurement Standards 
87.133, Frequency Stability 

13.2   Frequency Stability Test Setup 

13.2.1   Equipment and Block Diagram 
Table 13-1: Frequency Stability Test Equipment 

Block Diagram 
Reference Type Manufacturer Model P/N 

A T3CAS LRU ACSS 9005000-10001 
B T3CAS Qualtest Station ACSS 9001041-001 
C Attenuator (or equivalent) Narda 765-20 
D Attenuator (or equivalent) Narda 765-20 
E Peak Power Analyzer Agilent N1911A 
F Spectrum Analyzer Agilent N9020A 

 

B

A

C D E

F

 
Figure 13-1: Frequency Stability Test Setup 

13.3   Test Results Data, Temperature Variation 
Frequency deviation for any antenna port between temperature levels of -60°C and +80°C was less than 
8 kHz for TCAS transmissions and less than 3 kHz for XPDR transmissions. 

Table 13-2: Temp Variation of Frequency, TCAS Transmissions 115 Vac, 400 Hz 

Temp 
°C 

TCAS 
Top 0 Top 90 Top 180 Top 270 Bot 0 Bot 90 Bot 180 Bot 270 

-50 1029.997 1029.998 1029.998 1030.001 1029.997 1029.999 1029.994 1029.999
-40 1030.000 1029.999 1029.996 1029.999 1029.998 1029.996 1029.996 1030.000
-30 1030.002 1029.999 1029.999 1029.998 1030.000 1030.001 1029.996 1029.999
-20 1030.000 1029.997 1029.999 1029.998 1030.000 1029.998 1029.997 1029.996
-10 1029.997 1029.998 1029.996 1030.001 1029.999 1030.001 1029.997 1029.998
0 1029.998 1029.998 1029.996 1030.001 1029.998 1030.000 1029.999 1029.999
10 1029.998 1029.998 1029.997 1029.997 1030.000 1030.000 1029.996 1029.998
20 1030.000 1029.999 1029.998 1029.997 1029.999 1029.997 1029.999 1029.999
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30 1030.000 1029.999 1029.998 1030.001 1029.998 1029.999 1029.998 1030.000
40 1030.000 1030.000 1029.998 1029.998 1029.998 1030.001 1030.000 1030.000
50 1030.001 1030.001 1029.999 1030.000 1030.000 1029.998 1030.001 1029.997
60 1029.999 1029.999 1029.999 1030.000 1029.999 1030.000 1030.001 1029.999
70 1030.002 1030.001 1030.002 1030.000 1030.002 1029.997 1030.001 1030.000
80 1030.002 1030.000 1030.000 1030.001 1030.000 1030.001 1030.001 1030.000

 

Table 13-3: Temp Variation of Frequency, TCAS Transmissions 28 Vdc 

Temp 
°C 

TCAS 
Top 0 Top 90 Top 180 Top 270 Bot 0 Bot 90 Bot 180 Bot 270 

‐50 1029.998 1029.997 1029.995 1029.998 1029.997 1029.997 1029.997 1029.999
‐40 1030.000 1030.000 1029.997 1030.001 1029.998 1029.996 1029.997 1030.000
‐30 1030.002 1029.998 1029.997 1030.000 1029.999 1029.998 1029.996 1029.997
‐20 1029.998 1029.998 1029.996 1030.001 1030.000 1029.997 1029.999 1029.997
‐10 1029.999 1030.001 1029.998 1029.999 1029.999 1029.999 1029.998 1029.997
0 1029.998 1029.997 1029.997 1030.000 1029.997 1029.997 1029.996 1030.002

10 1030.000 1029.998 1029.996 1029.999 1029.998 1029.998 1029.999 1029.998
20 1029.999 1029.998 1029.999 1029.999 1030.000 1029.999 1030.000 1030.001
30 1030.000 1029.999 1029.998 1029.999 1029.998 1029.999 1029.999 1030.000
40 1029.999 1029.998 1029.998 1030.000 1030.000 1030.000 1029.998 1029.999
50 1029.999 1030.000 1029.997 1029.999 1029.998 1030.001 1030.000 1029.999
60 1029.999 1030.000 1029.998 1029.999 1029.999 1030.000 1030.002 1030.002
70 1030.001 1030.000 1030.000 1030.002 1029.999 1029.999 1030.000 1030.001
80 1030.001 1030.002 1030.001 1030.000 1030.001 1029.999 1030.000 1030.002

 

Table 13-4: Temp Variation of Frequency, XPDR Transmissions 115 Vac, 400 Hz 

Temp 
°C 

XPDR 
Top 0 Top 90 Top 180 Top 270 Bot 0 Bot 90 Bot 180 Bot 270 

‐50 1090.000 1089.999 1089.999 1089.999 1089.999 1089.999 1089.999 1089.999
‐40 1089.999 1089.999 1090.000 1089.999 1089.999 1089.999 1089.999 1089.999
‐30 1089.998 1089.999 1089.999 1089.999 1089.999 1089.999 1089.999 1089.999
‐20 1089.999 1089.999 1089.999 1089.999 1089.999 1089.999 1089.999 1089.999
‐10 1089.998 1089.999 1089.998 1089.999 1089.999 1089.999 1089.999 1089.999
0 1090.000 1089.999 1089.999 1089.999 1089.999 1089.999 1089.999 1089.999

10 1089.998 1089.999 1089.999 1089.999 1090.000 1089.999 1089.999 1089.999
20 1090.000 1089.999 1089.999 1089.999 1089.999 1089.999 1089.999 1089.999
30 1089.999 1089.999 1089.999 1089.999 1089.999 1089.999 1089.999 1089.999
40 1089.999 1089.999 1089.999 1089.999 1089.999 1090.000 1089.999 1089.999
50 1089.999 1090.000 1089.999 1090.000 1089.999 1089.999 1090.000 1089.999
60 1090.000 1090.000 1089.999 1090.000 1090.000 1090.000 1089.999 1090.000
70 1089.999 1089.999 1090.000 1090.000 1090.000 1090.000 1090.000 1090.000
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80 1090.000 1090.000 1090.000 1090.000 1090.000 1090.000 1090.001 1090.000
 

Table 13-5: Temp Variation of Frequency, XPDR Transmissions 28 Vdc 

Temp 
°C 

XPDR 
Top 0 Top 90 Top 180 Top 270 Bot 0 Bot 90 Bot 180 Bot 270 

‐50 1089.999 1089.999 1089.999 1089.999 1090.000 1090.000 1089.999 1089.999
‐40 1089.998 1089.999 1089.999 1089.998 1089.999 1089.999 1089.999 1089.999
‐30 1089.999 1089.999 1089.998 1089.999 1089.999 1089.999 1089.999 1089.999
‐20 1089.999 1089.999 1089.999 1089.999 1089.999 1089.999 1089.999 1089.999
‐10 1089.999 1089.999 1089.999 1089.999 1089.999 1089.999 1089.999 1090.000
0 1089.998 1089.999 1089.999 1089.999 1089.999 1089.999 1089.999 1089.999

10 1089.998 1089.999 1089.999 1089.999 1089.999 1089.999 1089.999 1089.999
20 1090.000 1090.000 1089.998 1089.999 1089.999 1089.999 1089.999 1089.999
30 1089.999 1089.999 1090.000 1089.999 1090.000 1089.999 1089.999 1089.999
40 1089.999 1089.999 1089.999 1089.999 1089.999 1089.999 1089.999 1089.999
50 1090.000 1089.999 1090.000 1089.999 1089.999 1090.000 1090.000 1090.000
60 1089.999 1089.999 1089.999 1089.999 1090.000 1090.000 1089.999 1090.000
70 1089.999 1089.999 1089.999 1090.000 1090.000 1089.999 1090.000 1089.999
80 1090.000 1090.000 1090.000 1090.000 1090.000 1090.000 1090.000 1090.000

 

13.4   Test Results Data, Primary Power Variation 
Frequency deviation for any antenna port between power levels is 4 kHz or less, power deviation for any 
antenna port between power levels is 0.42 dB or less for TCAS and 0.69 dB or less for transponder. 

Table 13-6: Frequency Stability, Primary Power Variation Results 

Freq Stability Top 0 Top 90 Top 180 Top 270 Bot 0 Bot 90 Bot 180 Bot 270 

TC
A

S 

23 
Vdc 

Freq (MHz) 1030.000 1030.000 1029.998 1030.001 1030.002 1030.001 1029.998 1029.999

Pwr (dBm) 54.03 53.88 54.16 54.07 53.76 54.00 53.94 54.04 

33 
Vdc 

Freq (MHz) 1029.999 1029.998 1029.997 1029.999 1029.999 1030.000 1029.997 1030.000

Pwr (dBm) 53.61 53.73 53.78 54.11 53.78 53.96 53.66 53.97 

97 
Vac 

Freq (MHz) 1030.001 1030.001 1029.996 1030.000 1030.000 1030.000 1030.000 1030.001

Pwr (dBm) 53.97 53.91 54.29 54.26 53.82 53.97 53.76 54.06 

133 
Vac 

Freq (MHz) 1030.000 1029.999 1029.998 1030.000 1029.999 1029.997 1029.999 1029.999

Pwr (dBm) 53.99 53.90 53.95 54.18 53.98 53.95 53.63 53.99 

XP
D

R 

23 
Vdc 

Freq (MHz) 1089.999 1089.999 1089.999 1089.999 1089.999 1089.999 1089.999 1089.999

Pwr (dBm) 52.49 52.81 52.87 52.60 52.42 52.33 52.79 52.44 

33 
Vdc 

Freq (MHz) 1089.999 1089.999 1089.999 1089.999 1089.999 1089.999 1089.999 1089.999

Pwr (dBm) 51.91 52.40 52.59 52.09 52.02 52.03 52.62 52.11 

97 
Vac 

Freq (MHz) 1089.999 1089.999 1089.999 1089.999 1089.999 1089.999 1089.999 1089.999

Pwr (dBm) 52.02 52.45 52.62 52.10 52.05 52.06 52.63 52.05 
133 Freq (MHz) 1089.999 1089.999 1089.999 1089.999 1089.999 1090.000 1089.999 1089.999
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Freq Stability Top 0 Top 90 Top 180 Top 270 Bot 0 Bot 90 Bot 180 Bot 270 
Vac Pwr (dBm) 51.85 52.26 52.54 51.91 51.83 51.91 52.57 51.85 



Document Number 
8007540-001 

T3CAS FCC Compliance Test Results Revision 
- 

 

ACSS 
Proprietary 

Use or disclosure of the information on this sheet is subject to the 
proprietary notice on the title page. 

Page 76  

 

A. APPENDIX A: MODULATION CHARACTERISTICS SCREEN CAPTURES 

A.1 TCAS Mode C Interrogations 

 
Figure A-1: Typical Mode C Interrogation and P1 to P3 Spacing 
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Figure A-2: Typical Mode C Interrogation, S1 Pulse 
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Figure A-3: Typical Mode C Interrogation, S1 to P1 Spacing 
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Figure A-4: Typical Mode C Interrogation, P1 Pulse 
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Figure A-5: Typical Mode C Interrogation, P3 Pulse 
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Figure A-6: Typical Mode C Interrogation, P3 to P4 Spacing 
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Figure A-7: Typical Mode C Interrogation, P4 Pulse 
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A.2 TCAS Mode S Interrogations 

 
Figure A-8: Typical Mode S Interrogation 
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Figure A-9: Typical Mode S Interrogation, P1 and P2 Pulse Shapes 
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Figure A-10: Typical Mode S Interrogation, P1 to P2 Spacing 
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Figure A-11: Typical Mode S Interrogation, P2 to P6 Spacing 
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Figure A-12: Typical Mode S Interrogation, P6 Preamble 
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Figure A-13: Typical Mode S Interrogation, P6 to Minimum of Sync Phase Reversal (SPR) Spacing 
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Figure A-14: Typical Mode S Interrogation, Sync Phase Reversal (SPR) 



Document Number 
8007540-001 

T3CAS FCC Compliance Test Results Revision 
- 

 

ACSS 
Proprietary 

Use or disclosure of the information on this sheet is subject to the 
proprietary notice on the title page. 

Page 90  

 

 
Figure A-15: Typical Mode S Interrogation, P6 Decay 
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Figure A-16: Typical Mode S Interrogation, P6 Pulse Width 
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A.3 XPDR Mode C Replies 

 
Figure A-17: Typical Mode C Reply 
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Figure A-18: Typical Mode C Reply, General Pulse Shape 
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Figure A-19: Typical Mode C Reply, F1 to C1 Spacing 
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Figure A-20: Typical Mode C Reply, F1 to A1 Spacing 
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Figure A-21: Typical Mode C Reply, F1 to C2 Spacing 



Document Number 
8007540-001 

T3CAS FCC Compliance Test Results Revision 
- 

 

ACSS 
Proprietary 

Use or disclosure of the information on this sheet is subject to the 
proprietary notice on the title page. 

Page 97  

 

 
Figure A-22: Typical Mode C Reply, F1 to A2 Spacing 
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Figure A-23: Typical Mode C Reply, F1 to C4 Spacing 
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Figure A-24: Typical Mode C Reply, F1 to A4 Spacing 
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Figure A-25: Typical Mode C Reply, F1 to B1 Spacing 
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Figure A-26: Typical Mode C Reply, F1 to D1 Spacing 
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Figure A-27: Typical Mode C Reply, F1 to B2 Spacing 
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Figure A-28: Typical Mode C Reply, F1 to D2 Spacing 
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Figure A-29: Typical Mode C Reply, F1 to B4 Spacing 
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Figure A-30: Typical Mode C Reply, F1 to D4 Spacing 
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Figure A-31: Typical Mode C Reply, D4 to F2 Spacing 
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Figure A-32: Typical Mode C Reply, F2 to SPI Spacing 
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A.4 XPDR Mode S Replies 

 
Figure A-33: Typical Mode S Reply 
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Figure A-34: Typical Mode S Reply, General Pulse Shape 
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Figure A-35: Typical Mode S Reply, P1 to P2 Spacing 
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Figure A-36: Typical Mode S Reply, P1 to P3 Spacing 



Document Number 
8007540-001 

T3CAS FCC Compliance Test Results Revision 
- 

 

ACSS 
Proprietary 

Use or disclosure of the information on this sheet is subject to the 
proprietary notice on the title page. 

Page 112  

 

 
Figure A-37: Typical Mode S Reply, P1 to P4 Spacing 
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Figure A-38: Typical Mode S Reply, P1 to Data Block Spacing 



Document Number 
8007540-001 

T3CAS FCC Compliance Test Results Revision 
- 

 

ACSS 
Proprietary 

Use or disclosure of the information on this sheet is subject to the 
proprietary notice on the title page. 

Page 114  

 

 
Figure A-39: Typical Mode S Reply, Data Block Length 
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B. APPENDIX B: NATIONAL TECHNICAL SYSTEMS (NTS) REPORT OF RADIATED AND 
CONDUCTED SPURIOUS EMISSIONS 
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