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1 Introduction

1.1 Purpose

The Core Aero-M4 Radio Module (RM) Hardware Specification, dso referred to as the RM HRD
(Hardware Requirements Document), is intended only for internd use at Glocom for product and design
engineersin the design and gpplication of the RM.

1.2 Scope

This document is a desgn specification detailing the hardware functions and parameters of the Aero-M4
Radio Module including information required for product application and the design of the module, and
defines dl the parameters necessary to inteface with the DM software [4]. The overview section
decribes the Radio Module in terms of its origin, mgor functions, and genera operation. The functiond
requirements section describes the RM  functional dements in terms of the sdected hardware
implementation and basc operation. The inteface section describes internad and externd hardware
interfaces and software interfaces including information for programming hardware dements. The
performance section includes the parameters to which the RM design must adhere. The sections that
indude mechanicd, environmenta, manufacturing, inddlation, and mantenance describe additiond
hardware design requirements.

1.3 Conformance
This document conformsto [6] and [5].

1.4 References
The following references are related to the contents of this document.

[1] "Technicd Requirements Document for the Functiond Core Aero M4 MES
Transceiver Unit (MTU)", GL1.201.032-0-000-TRD, Glocom Corporation.

[2] "1CD for the Functional Core Aero-M4 MTU", GL 1.201.032-0-005-1CD, Glocom
Corporation.

[3] "Core Aero-M4 MTU Digitd Module Hardware Specification”, GL1.201.032-0-
011-HRD, Glocom Corporétion.

[4] " Software Requirements Document for the Core Aero-M4 MTU", GL1.201.032-
0-006-SRD, Glocom Corporétion.

[5] "Design Control System Procedure”, GCM-DGP-1001, Glocom Corporation.
[6] "Product Design Documentation”, GCM-CGP-1011, Glocom Corporation.

[7] "LF to 25GHz TruPwr™ Detector", Data Sheet for AD8361, Anadog Devices,
1999.

[8] "5-2000MHz Medium Power GaAs HBT Amplifier”, Data Sheet for SXA-289,
Stanford Micro Devices.

[9] "SXA/SXT-289 New Bias Scheme', Product Update, August 24, 2000, Stanford
Micro Devices.
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[10]
[11]
[12]
[13]
[14]

[15]
[16]

[17]

[18]

[19]

[20]

"Sngle- and 4-Channd, 9ns, 10-Bit ADCs with On-Chip Temperature Sensor”,
Data sheet for AD7816/17/18, Analog Devices, 2000.

"DC-2000MHz, Cascadable SGe HBT MMIC Amplifier*, Product Description
for SGA-2486, Stanford Micro Devices.

"Mixer and IF Vector Modulator - PMB 2208 Specification”, Verson 1.2,
Infineon Technologies, 1999.

"Mixer and IF Vector Modulator - Application Note for PMB 2228", Verson 1.1,
Infineon Technologies, 1999.

"DC-6GHz High Isolation SPDT GaAs MMIC Switch”, Product Description for
SSW-124, Stanford Micro Devices.

"Low Noise Amplifier 1.5 - 1.6GHz", Data Sheet for MAAM 12021, M/A-COM.

"+2.5V to +5.5V, 230nA Dud Ral-to-Rail, Voltage Output 8/10-/12-Bit DACs',
Data Sheet for AD5302/12/22, Analog Devices, 1999.

"Dud Sgma-Ddta ADC with Auxiliary DAC", Daa Sheet for AD7729, Andog
Devices, 1998.

"PLLainum™ Low Power Frequency Synthesizer for RF Persond
Communications’, Data Sheet for LMX2306 and LMX2326, Nationd
Semiconductor, 2000.

"CMOS, 125MHz Complete DDS Synthesizer", Data Sheet for AD9850, Anaog
Devices, 1999.

"Flters for Communication Equipment”, Specification, Section 7, Murata.
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1.5 Definitions of Terms and Acronyms
Table 1-1 ligts the terms and acronyms used throughout this document.
Table 1-1 Definition of Termsand Acronyms

Term Definition Term Definition

ACSE Access Control Signaling Equipment ITU International Telecommunication Union
ADC Analog to Digital Converter LAN Loca AreaNetwork

ANS| American National Standards Institute LED Light Emitting Diode

ATP Acceptance Test Procedure LES Land Earth Station

BER Bit Error Rate LMT Land Mobile (Class) Terminal
BITE Built In Test Equipment LNA Low Noise Amplifier

BPSK Binary Phase Shift Keying LP Link Processor

BRI Basic Rate Interface (ISDN) N Noise Figure

BSE Bearer Services Equipment NVRAM See FLASH

BSU Beam Steering Unit MAC Media Access Control (protocol)
CFS Coarse Frequency Synthesizer M&C Monitor and Control

CPU Central Processing Unit MIPS Million Instructions Per Second
CRC Cyclical Redundancy Check MMI Man Machine Interface

CuU Channel Unit MTBF Mean Time Between Failures
DAC Digital to Analog Converter MTTR Mean Timeto Replace

DC Direct Current MTU MES Transceiver Unit

DDS Direct Digital Synthesis MUX Multiplexer

D/ILNA Diplexer-LNA O&M Operations and Maintenance

DM Digital Module OoDU Out Door Unit

DPLL Digital PLL PC Personal Computer

DRD Design Requirements Document PCM Pulse Coded Modulation

DSP Digital Signal Processor PLL Phase L ocked Loop

DVT Design Verification Test POTS Plain Old Telephone Service
EEPROM  Electronically Erasable Programmable ROM PSC Power Splitter/Combiner

EIRP Equivalent I sotropic Radiated Power QA Quality Assurance

ESD Electro-Static Discharge QAM Quadrature Amplitude Modul ation
FEC Forward Error Correction QPSK Quadrature Phase Shift Keying
FLASH Non-Volatile Re-programmable Memory RAM Random Access Memory

FPGA Field Programmable Gate Array RF Radio Frequency

FFS Fine Frequency Synthesizer RM Radio Module

GIT Gain-to-Noise Temperature Ratio; the figure ROM Read Only Memory

of merit RX Receive

HPA High Power Amplifier SNR Signal-to-Noise Ratio

HTRF Host terminal RF Equipment SN Serial Number

HTCE Host Termina Control Equipment SATCOM  Satellite Communications

HSD High Speed Data (* 64 Kbps) SCC Serial Communications Controller
HW Hardware SCPC Single Carrier Per Channel

ICE In Circuit Emulator SDL Specification and Description Language
IDU In Door Unit SDRAM Synchronous Dynamic RAM

ITP Integration and Test Plan SLic Subscriber Line Interface Circuit
1/0 Input/Output SRD Software Requirements Document
IEEE Institute Electronic/Electrical Engineers SuU Signaling Unit

IF Intermediate Frequency SW Software

IPDS Inmarsat Packet Data Services TRD Technical Requirements Document
ISDN Integrated Services Digital Network TX Transmit

IRQ Interrupt Request
GLOCOM CORPORATION Page 8
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Term Definition Term Definition
UART Universal Asynchronous Receiver Vbc Voltage Direct Current
Transmitter VSWR Voltage Standing Wave Ratio
\Y Volt W Watt
V-A Volt Ampere
Vac Voltage Alternating Current
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2 Overview

The Radio Module component when combined with the Aero-M4 Digitd Module [3] comprises the Aero-
M4 MES Transceiver Unit (MTU) [1].

2.1 Radio Module Description

The Radio Module design is based on the Reference Designs ODU RF board and comprised of the two
maor sections as shown in Hgure 2-1, the L-Band RF Section and the IF Section. In addition, the Radio
Module design includes frequency synthesizers, filters, and up/down converters for the Tx and Rx paths
respectively. The Radio Module interfaces with the Digitd Module (see section 4.1.1), and HTRF
equipment that includes a power splitter/combiner, LNA/Diplexer, and HPA.

Radio Module

HTRE FERINE ) \ " ' Digital Module
Section \ / Section Interface

_____________________________________________________

Figure 2-1 Mgjor Functional Sections of the Radio Module.

2.1.1 General Architecture

The functiond architecture of the Radio Module is the same, as that of the Reference Design with a few
exceptions. Generdly, the RM comprises four locd oscillators implemented by four independently
tunable frequency synthesizers, two for the recaver and two for the tranamitter. From IF, Rx gan control
amplifier adjugs the Rx sgnd amplitude before being agpplied the quadrature demodul ator.

2.1.1.1 RF Section

The RF section comprises the TX and RX front-end circuitry. The TX front-end circuits include the find
output power amplifier (TX PA), RF filters, coarse sep frequency synthesizer (TXCFS), vaidble gan
controlled amplifier, and the up-converter. The RX front-end circuits include the RX coarse sep
frequency synthesizer (RXCFS), the input power control, RX RF filters, AGC, and the down-converter.
The RF section interfaces with the HTRF equipment &t L-Band.

RX dgnd from the HTRF LNA, refered to as RXRF, is adjusted to the input level according to the
configuration requirements of the HTRF equipment. The RXRF vaiable gan amplifier is st to datic
level during the initid sysem cdibraion upon & MTU inddlaion and is avalable to assst the AGC
amplifier during norma MTU operdtion to compensate for the additiona dynamic range due to different
inddlation configurations. The RXRF is down-converted to RXIF with the firgd LO from the RXCFS.
The DM controls the varidble gan amplifier, AGC, and RXCFS. This architecture down converts the
input sgnd to a fixed IF band dlowing the use of a narow band SAW filter (with flat Group Deay

GLOCOM CORPORATION Page 10
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performance and low insertion loss from 3~6dB) to suppress the maximum composite signad and povide
10 to 15dB dynamic range to the demodulator.

Each L-band modulated sgnd type is output to the HTRF HPA, referred to as the TXRF, the transmisson
power leve is controlled according to the physcd layer transmisson requirements of the associated
communications channd. The TXRF output signal power is measured usng a power detector that
provides measurement data to the DSP on the DM. The DSP power control agorithm closes the power
control loop by adjusting the output power level according to the data stored in a gain curve compensation
table that dtores the unique characteristics of each RM assembly. Since temperature is an important
operationd parameter of the transmit power control agorithm the RM's temperature is monitored near the
TX PA. The power control agorithm tests the temperature measurement againgt predetermined operating
limits and if violated will indicate a hardware fault. When the TXRF is off, the DM puts the TX PA gage
to 'deep’ to suppress any potentia carrier leskage. Three cascaded SAW filters suppress the broadband
noise of the modulator and other the lower noise floor devices like the mixer and TX amplifiers. Up-
converting the TXIF usng the TXCFS sats the TXRF frequency. The TXCFS is aso controlled via the
DM.

2.1.1.2 |IF Section

The functions of the IF section include of the quadrature modulator, IF channel detector/demodulator, TX
and RX fine step frequency synthesizers (TXFFS, RXFFS), and the TX and RX data converters that are
controlled viathe Digital Module interface.

RXIF dgnds from the RXRF front-end are trandated to quadrature baseband signas RXI and RSQ, by
the IF channd detector/demodulator at the sdlected IF channe frequency st by the RXFFS. Both RXI
and RXQ ae filtered and digitized by the RX data converter and provided to the DSP via the DM
interface. DC offsets on RXI and RXQ are compensated for using bias adjustments that are controlled by
the DM's DSP. The RXFFSis aso controlled viathe DM.

The TX data converter trandates the TX digitd bassband signds provided by the DM to andog TXI and
TXQ for input to the quadrature modulator. The TXIF modulated output channel frequency is set by the
TXFFS and provided to the TXRF front-end. The TXFFS is controlled via the DM to et the TX channd
frequency and provide TX Doppler frequency compensation.
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2.2 Design Changes

The Radio Module design leverages the core RF circuitry from the Reference Designs ODU with changes
that remove, add, and/or modify various functions and the impact of each of these design changes is lised
in the last column summearized in Table 2-1.

Table2-1 Summary of Design Changes comprising the Radio Module.

Gemini-128 Terminal

Aero-M4 Radio M odule Changes

Design Impact

Reference oscillator w/10MHz PLL

External High Stability 10MHz OCXO

Add input buffer and distribution circuitry
to provide signal to Digital Module.

HPA Customer Provides external HPA None
. Customer Provides external None
LNA/Dipl .
Pexer LNA/Diplexer
Sleep Mode Deleted Disable former control lines to affected

components.

Transmit frequency step size

1Hz Step added using DDS in the TXFFS
for Doppler frequency control

DDS programming added to DSP SW and
interface control circuit to FPGA.

DAC and ADC data converters

Move from ODU digital board to RM and
delete AD5541 16bit DAC

Buffer the data signals on the Digital
Module interface to assure drive capability
and noise immunity.

Transmitter output dynamic range

Add TXRF front-end power amplifier

Provideincreased output power to meet
extended range and dynamic power control
reguirements

Power Detector

Move from ODU HPA output to RM PA
output

M easures output signal from TX PA. TX
path circuit variations over increased
operating range compensated for by new
correction tablesin DSP SW.

Move from ODU HPA caseto RM

Limited operating range mapped to fault

Temperature Sensor - .
detection logic.
RF Loopback added with TX output TXCFS programming change to generate
SELF TEST inhibit compatible receive frequency. Other signals

added under SW control to configure
|loopback operation.

Receiver input dynamic range

Add 20dB variable attenuator or variable
gain element

CGY-120 type used on TX side has known
characteristics.

Environmental

Add TX/RX RF Input/Output Lightning
Protection

Short circuit stub added.
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3 Functional Requirements
This section defines dl the functiond design requirements for the Aero-M4 Radio Module. A detailed
functiona block diagram of the RM is shown in Figure 3-1.

Rx Input Level Adjust

Rx1/Q Bias Adjust

M RxI Data
I

— RX Sample Clock

M RxQ Data
s S |

RXRF)——  BPF

.x‘ BPF

oad Lo, Lo, _
F,=1415-1449 MHz F,=220.8-221.6 MHz RXFFS Programming,
Step=400KHz Step=2.5KHz

Rx CFS Programming,

o}
TXRF BPF |—| BPF O~
’7 0 — BPF TX Sample Clock
900
Power Monitor and D/A LPF m TxQ Data

Temperature Sensor

DDS Programming,

I— AD Lo, Lo, Dbbs
F,=1454-1485 MHz F,=349.6-350.4 MHz Tx FFS Programming,
Step=400KHz Step=1Hz

Tx CFS Programming

Tx_Sleep

Voice/HSD |

RF Loopback,

0OCXO PS
TxRF Output Level Control |

Temp Sensor to DM,

10MHz Reference to DM

Figure 3-1 Detailed Block Diagram of Radio Module.
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3.1 Aero M4 Requirements

The new Aero M4 functions to be peformed by the Radio Module are summarized in Table 3-1. These
functions are in addition to the standard termina functions performed by the basdine M4 termind design.

Table 3-1 New Aero M4Functions Performed on the Radio Module.

Basic M4 Function Aero M4 Software Aero M4 Hardware
Baseband Analog Interface Digital Interface
Power Control 2dB step SDt)é;amic Power Control, 0.5d8 0.1dB step
Doppler Compensation DDS device - AD9850
Tx Power Control Range 6dB Power Control Range 20dB
Tx Fine Synthesizer Step 2.5KHz 3_'DZS control synthesizer, step size
RF Loop Back

3.2 Hardware Requirements

The hardware requirements for the RM ae described in this section for the mgor functiond dements
congging of the RXRF Front-End, TXRF Front-End, IF detector, modulator, the DM interfaces, and the
HTRF interface. The following sections describe the hardware requirements for these functiond eements.
The key components that comprise these RM functiona dements are summarized in Table 3-2.

Table 3-2 Key Components of the Radio M odule Design.

Function Mca%rﬂfggﬁ?; Description Notes
LNA MAAM12021 MA-Com LNA
Rx VGA CGY120 Siemens Variable Gain Amplifier ;%’;ac‘:;d ede?/AC\:'\CA-}\]EZ—(J).%]i but now obsolete -
Down Converter PMB2411 Siemens Single Chip Receiver Included in demodulator chip
RX IF Filter SAFU110.6 Murata SAW Filter
Demodulator PMB2411 Siemens Single Chip Receiver
Rx Baseband LPF OPA2340 Burr brown OPA
Tx Baseband LPF OPA2340 Burr brown OPA 5;31;‘_’6 one gain stage and change component
Modulator PMB2208 Siemens Modulator Chip
Tx |F Filter - 175MHz SAWTEKS854622 SAWTEK SAW Filter
Up Converter CMY210 Siemens mixer
Tx Fix Gain Block SGA 2486 Stanford Micro devices
TX VGA CGY 120 Siemens Variable Gain Amplifier
Tx Output Amplifier SXA-189 Stanford Micro devices Replaced SGA6486
RF Switch SSN-124 Stanford Micro devices Obsolete - no substitute available
Synthesizer LMX2306/2326 National Semiconductor
TX/RX VCO CLV1425/1455 Z-ComVCO
Directional Coupler DC16-73
Rx RF Filter DFC31R54
Power Detector AD8361 Analog Devices
Switched Attenuator AA103-72 Stanford Micro devices
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3.2.1 Transmitter Description

The characterigics of the RM transmitter circuitry and any depatures from the Reference Desgn ae
generdly described in the following sections.

3.2.1.1 TXRF Section

The suppression of spurious radiaion rests on a foundatiion of dable frequency generation, adequate
filtering, careful component placement and circuit layout. Refer to Figure 3-1 for the following
descriptions.

3.2.1.1.1 TX Power Sensor

A RF power sensor congtantly monitors the TX output power. The AD8361 power sensor device
measures TXRF output leve through a 10dB directional coupler and a O or 10dB switched attenuator.
With te useful range of the power sensor limited to 14dB +£0.25dB and the switched attenuator makes the
total TX dynamic range 24dB. The detected voltage output is then converted by 10-bit ADC (Andog
Devices AD7818) and made avalable to the DSP via the DM interface. Based on the detected power,
DSP controls a TX variable gan amplifier and achieves the desired output power within £0.5 dB. During
norma operation the DSP power control adgorithm adjusts the gain of the TX Vaiable Gan Amplifier to
dabilize the TX output power levd during the initid and dynamic power control operations. During HSD
operation the attenuation setting is 10dB and for V oice/Signding operation the attenuation is OdB.

3.2.1.1.2 TX Power Amplifier

The TX PA is implemented usng the SXA-189 device. When the transmitter is turned off or during RF
loop back testing, the 7.5~8.0Vdc supply voltage is removed via control line from the DM interface. The
output Pigz compresson point is 8dB greater than the desred maximum nomina output power leve.
Maximum nomind output power level is determined as +14dBm based on anticipated losses of
downstream SATCOM equipment. This operating point provides more than enough linearity to meet the
gpectrum mask and peak power requirements when trangmitting 16-QAM. For O-QPSK and BPSK
sgnds the tranamitter operates backed off by 11dB.

3.2.1.1.3 TXRF Filter
The RF filter is used to filter the image frequency from the up converson mixer in order to meet purious
emissions requirements and to attenuate noise in the receive band. One filter device of the type in Table

3-3 is used a the output of the up-converter and two are cascaded after the TX Variable Gan Amplifier.
The successon of these three identica ceramic band pass filters each centered at 16435 MHz has a

bandwidth of 34 MHz and has a suppression of 30 dB or greater outsde a band of £75 MHz from the
center.

Table3-3 TX RF Filter Specification.

Requirement Units Specification
M anufacturer - Murata
Part number - DFC31R64P034BHA
Fc MHz 1643.5
Few MHz 34
IL dB(max) 8
Ripple dB(max) 0.7
Stop Band dBc/MHz 30@+75
VSWR in Few - 2
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3.2.1.1.4 TXRF Switch

A new device added to the design, the TXRF switch device SSW-124 is controlled jointly by the DM's LP
and DSP depending on operating modes. The RF switch serves a dud purpose to provide isolation gain to
meet carrier off requirements and to support an RF LOOPBACK BITE configuration. While in the BITE
configuration, the RX frequency synthesizer is tuned to a specid test frequency tha fdls within the TX
RF band. More information about the BITE operation can be found in the maintenance facilities section of
paragraph 9.1.1.

3.2.1.1.5 TX Variable Gain Amplifier

Referring now to Figure 3-2 the TXRF output power range is achieved usng a voltage controlled varigble
gan RF amplifier (CGY120) with usable gain control range of 30dB that is controlled by signds from the
DM interface. Cdibration measures are necessary to assure linearity over temperature, frequency, and
dynamic range. The cdibration data are stored in look up tables in the DM's DSP memory. The operating
linearity of this device, sdected to operate over just a 6dB range in the Reference Design is being
dretched to its limits due to its wide parameter variability over temperature, frequency and unit to unit.
The CGY 120 part is obsolete as of 2001 and in its place the CGY 121 should be used.

a0

L —nN
a0 ,_ru_"-‘r"."'-‘" rer=—Fr

fﬁg;«’ﬁ
10 Fﬁ;
I.-:I %
A0
0 / —— 200
/ —m—25°C
0°C

30 Pty

Gain [dE]

40

0.0 0.5 1.0 15 2.0 2.5 3.0
Veontral [V]

Figure 3-2 Measured VGA Gain Characteristicsvs. Control Voltage

GLOCOM CORPORATION Page 16
The use or disclosure of thisinformation is subject to the restrictions on the title page.



GL1.201.032-0-001-HRD Rev 2.0
April 17, 2002

Core Aero-M4 MTU Radio Module Hardware Specification

3.2.1.1.6 TXRF Amplifier

A fixed gan RF amplifier is used just after the up converter usng the SGA2486 device having the
Specificationsshown in Table 3-4.

Table3-4 TX RF Amplifier Specification

Parameter Units | Specification
P1ds dBm 7.5
Gan dB 17
Reverse Isolation dB 23
Input VSWR 1.7:1
Qutput VSWR 1.3:.1
1P; dBm 20
NF dB 3.2
Power Supply V 3.3V
mA 20

3.2.1.1.7 TX Operating Limits

The DC voltages applied to and DC currents into these several dements of the transmit circuitry are
summarized in Table 3-5 for norma operation over the output power range.

Table 3-5 TX Operating Power

Amplifier DC voltage DC current
SXA-289 75V ~80V 100 mA
CGY 120 34V ~50V 45 mA
SGA 2486 25V 20 mA

3.2.1.1.8 TX Coarse Step Frequency Synthesizer

There are two frequency synthesizers in the tranamitter: Tx coarse step frequency synthesizer and Tx fine
dep frequency synthesizer. Both synthesizers are phase-locked to a high-gability 10 MHz Oven
Controlled Crysta Oscillator (OCXO). The main devices used in the frequency synthesizer circuit are
liged in:

Table 3-6 TXCFS Components.

Device Function Notes
LMX2326 Frequency Synthesizer
CLV1455 VCO
SGA2486 Amplifier

The frequency of the VCO, F,, is determined by the ratio of the two dividers, N and R, in the syntheszer
chip LMX2326 and the frequency of the reference source, Fi:

Fo=(N/R) * F;
where F; = 10 MHz, R= 25, and N = 3629 ~ 3714. The resulting frequencies are from 1451.6 MHz to

1485.6 MHz in 400 KHz deps. The VCO has extremey low phase noise and a loop filter is adjusted so
that phase noise iswell below the Inmarsat specifications.
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3.2.1.1.9 Up Converter

The up converter mixer noise will emerge in the frequency band 1559-1606MHz, where Inmarsat requires
the noise emisson to be < -105dBc/100kHz, if that mixers noise floor is too high. The vector modulator
device PMB2208 provides an integrated up converson mixer, The PMB2208's integrated mixer was
conddered for use as the up converter but has a high Noise Figure and inadequate linearity as the IPs
output power a mixer output is only —22dBc. The Semens CMY210 device includes a combination
mixer/amplifier with a low output noise floor and a high input P.1qs as specified in sufficient to use a 3
pole RF Filter characteridtic.

Table 3-7 Up Converter Specification.

Requirement | Units Specification
Manufacturer - Siemens
Part Number - CMY 210
Vad \Y 3~6
ldd mA 7
Sleep Mode N/A
Fre GHz 0.5~2.5
FLo GHz 0.5~2.5
Fe MHz

LO level dBm 0
Conversion Gain dB -5.5
NF dB(SB) 55
IP3 intercept dBm 25

3.2.1.2 TXIF Section

3.2.1.2.1 TXIF Filter

The output of the quadrature modulator a 175 MHz is filtered with the IF SAW filter specified in Table
3-8, which reduces the noise floor of the modulated carrier outsde a band of +1 MHz from the center
frequency.

Table3-8 TX IF Filter Specification.

Requirement Units | Specification
Manufacturer Murata

Part number SAF175MA10T
Center Freq. MHz 175

Band Width MHz 0.8
Insertion Loss dB(max) 3

Ripple dB(max) 15

Stop Band dBc/MHz 30@+1MHz

3.2.1.2.2 Vector Modulator

The vector modulator (PMB2208) converts baseband TXI/Q ggnds into a modulated sngle sdeband
carier. Generdly, the modulator provides —30dB Carrier and —40dB Sideband rejection. The Ng of the
vector modulator is important, because of the QAM linearity requirement, forcing a back off levd of a
least 8dB from the Pigs Of the modulator output. According to the Inmarsat specification, the TX in-band
Nf < -71dBc/100KHz thus requiring the modulator noise floor to be at least —79dBc/100KHz.
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The PMB2208 specification of includes a divide-by-two block in its LO input port that provides an
accurate quadrature LO dgna for the following two mixers, has superior carier and SSB suppression
vaues, alow input power level of about —10dBm, and low power consumption.

Table3-9 Vector Modulator Specifications.

Requirements Units Specifications
Manufacturer Siemens
Part Number PMB2208
Vad \Y 2.7~4.5
ldd mA 12
Modulator Fir MHz 100~275

FLo MHz 2XIF
Fes MHz 0~10
gfg[; o | dBc@Vy, 48
B
suppression dBc@1Vyp -49
Pout dBm@lep -4
LO level dBm -10
Ne dBc/Hz -144
Up Converter Fre GHz 0~2.5
Fo GHz 0~2.5
Fir MHz 0~2500
LO level dBm 0
Conv. Gain dB 3
NF dB 8 (DSB)
IP3 intercept dBm 3

For equipment employing digitd modulation techniques, a detalled description of the modulaion system
to be used, including the response characteristics (frequency, phase and amplitude) of any filters provided,
and a description of the modulating wave train, shdl be submitted for the maximum raed conditions
under which the equipment will be operated. The transmitter may employ two different modulation
schemes, BPSK at 3 K symbols per sec (Ksps), and 16-QAM at 33.6 Ksps.

3.2.1.2.21 BPSK Modulation

The 3 Ksps BPSK is generated in DSP. Its basic pulse is the square pulse at the output of DAC. Its higher
order spectrad components are suppressed by LPF 1 and LPF 2, which are 4-pole Butterworth filters with
3dB frequencies at 38KHz.

3.2.1.222 16-QAM

The F and Qchannd sgnds of the 334 Kgps 16-QAM are generated in DSP.  The symbals are filtered
with commonly used root-raised-cosine filter with 3dB frequency of 16.7 KHz and a roll-off factor of
0.25. The filter is implemented as a Finite-Impulse-Response (FIR) filter with zero group ddlay in DSP.
Stop-band darts at 21 KHz and is attenuated by 40 dB. The 4pole Butterworth filters in the baseband

further filter the outputs of the DAC to suppress harmonics.

3.2.1.2.3 TX Fine Frequency Synthesizer

The TXFFS tunes the frequency within the 400KHz of the coarse synthesizer step size. Inmarsat system
channel spacing of 25KHz includes a 1.25KHz shift. The TXFFS provides the channe tuning function.
Furthermore, to perform the Doppler Compensation function, the TXFFS includes a step Sze less than
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1Hz performed by a DDS device AD9850. With 32 bits of frequency tuning, its input clock is around
87.5MHz, and output of about 20MHz resulting in a step Sze less than 0.5Hz.

Table 3-10 TXFFS Components.

Device Function Notes
LMX2306 Frequency Synthesizer
CLV1425 VCO
AD9850 Direct Digital Synthesizer (DDS)
MC12095 Divider (by 4)

The frequency of the VCO is determined by the ratio of the two dividers, N and R, in the synthesizer chip
LMX 2308, the frequency of the reference source, F;, and a 32-hit fractiona number, D- 232 :

Fo=4" 4 (UD-2%Y)Y (N/R’ Fi

Where F; = 10 MHz is the reference clock and the other parameters, N, Rand D, are chosen to minimize
the discrete phase noise. The frequency of the VCO F, is in the range from 1398.4MHz to 1401.6MHz.
The clock Fo, is firg divided by 4 and then haved in the Modulator (PMB2208). The resultant clock has a
range from 174.8 MHz to 175.2 MHz with a resolution better than 1Hz.

3.2.1.2.4 Tx Baseband Filter

The bandwidth of the modulated carrier baseband signds are limited by two LPFs and the TX baseband
shaping filters implemented in executable DSP SW. The two LPFs are of 4pole Butterworth design with
3dB frequency = 38KHz, one each on I-channd and Q-channd in the baseband, suppress the sampling
clock and the harmonics out of the Digital-to- Analog Converters.

3.2.1.2.5 TX Data Converter
Refer to section 4.1.1.1.
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3.2.2 Receiver Description

The characterigics of the RM transmitter circuitry and any depatures from the Reference Desgn ae
generdly described in the following sections.

3.2.2.1 RXRF Section

The RX RF input signas to the RM are buffered by the HTRF equipment, the antenna, D/LNA, and PSC
devices, even though, the RM RX RF pah have been sdected to experience minima damage when
subjected to abnormd input conditions of high power, lightening, etc. Through adequate filtering, careful
component placement and circuit layout, the receiver is wdl isolated from its tranamitter. Refer to Figure
3-1 for the following descriptions.

3.2.2.1.1 RXRF Filter

Although out-of-band noise and interference are suppressed by the diplexer, the D/LNA will amplify
large amplitude sgnas and limit dynamic range of the receiver. Therefore, two RF filters are employed a
the RX front end to improve the receivers dynamic range, one a the RM input and the other just after the
LNA.

Table3-11 RX RF Filter Specifications.

Requirement Units | Specification
Manufacturer Murata

Part number DFC31R54P034BHA
Fc MHz 1542

Few MHz 34

IL dB(max) 3

Ripple dB(max) 0.9

Stop Band dBc/MHz 30@+/-85
VSWR max 2

3.2.2.1.2 RX Low Noise Amplifier

This LNA block does not require a low noise figure as the RX RF sgnd is preceded by the externd
D/LNA. This device has a Pigg compresson point of +6dBm; a high enough gain and low enough noise
figure to limit the noise contributions of subsequent RX gain dages. Key characterigics are shown in
Table 3-12.

Table3-12 L NA Specifications.

Requirement | Units Specification
Manufacturer - M/A-COM
Part Number - MAAM12021
Vdd \Y 4.5
ldd mA 8

LNA Fre GHz 15~16

Ne dB 1.55-1.9
Gain dB 21
P1ds dBm 6

3.2.2.1.3 RX Variable Gain Amplifier

This RX Vaiadble Gan Amplifier (VGA) uses the same RF component (CGY120) as the TX Vaiddle
Gan Amplifier to cope with the wide dynamic range a the RX input to compensae for the operating and
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ingalation provisons and to preserve adequate linearity. Gain control is provided as described in sections
4.1.1.4 and 4.1.1.5. The gain vs. control voltage curve is shown in Fgure 3-2.

3.2.2.1.4 RXRF Switch

As in the TX section, this is a new component added to the Reference Design. To invoke loop back the
receiver down converter LO frequency can be tuned 101 MHz higher than normd to receive the loop back
ggnd coming from TX section. The SPDT switch (SSW-224) is controlled via sgnds from DM
interface. See the maintenance facilities described in paragraph 9.1.1.

3.2.2.1.5 RX Coarse Step Frequency Synthesizer

Like the TXCFS the RXCFS has a step sze of 400KHz with a tuning range from 1414.4MHz to

14484MHz and provides an output signa level of about —4dBm. The method of frequency tuning is
about the same as the TXCFS described in section 3.2.1.1.8 except for different vauesof N and R

3.2.2.1.6 Down Converter

The down converter is pat of the PMB2411 quadrature demodulator device and has the specifications
defined by Table 3-13.

Table3-13 Down Converter Specifications.

Requirements  [Units Specification
Manufacturer Siemens
Part Number PMB2411
Vdd \Y% 3.3
l4d mA

Down Conv. Gain dB 10

Conv. Ne dB 13
Pids dBm -14
I11P3 dBm -2
Fre GHz <2.5
Fir MHz 40~460
LO level dBm -4

3.2.2.1.7 RXImage Filter

This filter rgects of out-of-band interference and attenuates noise from the RX front end amplifier stages
a the image frequency. The very tight Noise Figure specificaions require the image noise from the Gan
RX Block be <10dB rdative attenuation esdly achievable usng a Murata 3 pole ceramic filter as
poecifiedin Table 3-14.

Table3-14 RX ImageFilter Specifications.

Par ameter Units Value
Center Freq. MHz 1542
Band Width MHz A
Insertion loss dB(max) 3
Ripple dB(max) 0.9
Stop Band dBc@MHz 30@+85
VSWR max 2
Impedance ohm 50
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3.2.2.2 RXIF Section

3.2.2.2.1 RXIF Filter

The channd sdectivity for the 16cQAM dggnd is edablished by the LPF after the down converter.
Channel sdection for the narrow band 2.5KHz sgnds are established in the executable DSP software as a
digitd filter. Therefore, the bandwidth of the IF filter is not very criticad and only provides about 150B
suppression agang the maxim composite sgnd.

Table3-15 RX | F Filter Specifications.

Requirement Units Specification
Manufacturer Murata

Part number SAFU110.6M SA40T
Fc MHz 110.592

Few MHz 1.1

IL dB(max) 4.5

Ripple dB(max) 1

Stop Band dBc/MHz 40

3.2.2.2.2 RXIF Amplifier
The RX IF Amplifier is part of the PMB2411 device and its gain is programmable via the DSP software.

3.2.2.2.3 RXIF Detector - Quadrature Demodulator

The IF Detector - Quadrature Demodulator device is the PMB2411 device by Semens as shown in Table
3-16.

Table3-16 RX IF Detector - Quadrature Demodulator Specifications.

Requirement Units Specification
M anufacturer - Siemens
Part Number - PMB2411
Vad V 3.3

lad mA

Fir Range MHz 40 ~ 460
Fes Range MHz <550
FLo Range Hz 80 ~ 920
Gan dB 18.9
Vout Vpp <25
LO Level Vpp -15
1/Q Amp. Balance dB 1.7
1/Q Phase Accuracy degrees +3
Noise Figure dB 12

3.2.2.2.4 RXFine Frequency Synthesizer

Like the TXFFS the RXFFS has a sep sze of 5KHz with a frequency tuning range from 220.8 to
221.6MHz, two times the needed IF frequency and has an output power a about —15dBm. This sgnd
frequency is divided by two ingde the PMB2411 device.

3.2.2.25 RX Baseband Filter
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Because the receiver-matching filter is performed with DSP software, the RX baseband LPFs are 2pole
Butterworth characteristic used to suppress out- of-band spurious and dias frequency components.

3.2.2.2.6 RX Data Converter
Refer to section 4.1.1.2.

3.2.3 10MHz Reference Distribution

The 10MHz reference sgnd provided by the externd OCXO is passed through a two-way power splitter
and afour-way power splitter asillugtrated in Figure 3-3.

psc |—» RXFFS

» 4 [—> RXCFS
7 —» TXFFS

—» TXCFS
OCXO Input PSC
(10MHzRef) © ¥ .2 P} >———% ToDM
|solation Buffer

Figure 3-3 10MHz Reference Distribution.

3.2.4 Power Conditioning

The RM requires each voltage be subject to power conditioning to filter the power supply noise and help
with isolation between noisy digitd drcuits and noise sendtive andog circuits. Voltage regulators and
DC-DC converters are used according to the block diagram of Figure 3-4.

+3.3Vpe —P| EMI Filter » Digitd 3.3 Vpc

+5\Vpe ——| EMI Filter » Digitd 5.0 Vpc
L p| Regulator —Pp Analoq3.3VDc

+15 Vpe p| EMI Filter p» Anadoqg 15.0 Vpc

- p{ Regulator | Tx Analog 7.0 Vpc

L Regulator | RxAndog7.0Vpe
-15Vpc ——py EMI Filter » Andog-15.0 Vpc

Figure 3-4 Power Conditioning Requirements.

3.3 Design Constraints
The RM design shdl adhere to the following design condraints.
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3.3.1 Minimize Design Changes

Changes to the Reference Design, including physical component layouts, should be kept to an absolute
minimum except where necessary to support new Aero M4 functiona requirements, which may include
component upgrades.

4 Interface Requirements

4.1 Hardware Interfaces

The following sections describe the functiondity of the various RM hardware interfaces. Additiond
information on these interfaces can be found in references [2] and [3].

4.1.1 DM Interface
The DM interface is described in the following sections.

4.1.1.1 TX Data Sample Interface

The TX Data Interface is comprised of a DAC (AD5322) and its associated signals congsting of the clock
(AD1_SCLK), serid data (AD1 DIN), frame (AD1 SYNC), and DAC load (AD1 LDAC) sgnds
provided by the DM (see reference [3]). Data is docked to the device at arate of 134.4KHz corresponding
to the HSD mode or 96KHz to the VOICE and Signding modes. See ref [16] for interface timing
requirements.

4.1.1.2 RX Data Sample Interface

The RX Daa Interface is comprised of a ADC device (AD7729). The AD7729 is a dud 15-bit Sgma-
Ddta ADC (with a 10-bit auxiliay D-to-A converter) accepts the RXI/Q dgnds from the quadrature
demodulator and operates off a master clock of 48x sampling rate, or 6.4512 MHz sampling rate (48 x
134.4 KHz) for HSD mode, or 4.608 MHz (48 x 96KHz) in VOICE and Signding modes. The ADC
mester clock is derived from the 64.512 MHz data rate clock reference on the DM. See ref [17] for
interface timing requirements.

OPERATIONAL NOTE: During normal operation, carrier frequency offsets that result from the
incoherent frequency conversion elements on the RM are compensated for by the executable DSP SW
utilizing a polyphase filter technique while referenced to the received satellite channel data clock, which
is synchronized the network clock in the LES.

4.1.1.3 RXBias Control Interface

The demodulator chip encounters a differentid DC-offset that must be compensated for to enhance the
recaeivers performance. The chip provides a reference circuit as sample-&-hold function to provide some
compensation. However, the Reference Design added two ADCs to compensate the residua DC offset for
without compensation the RX 1/Q dgnds would saturate the ADC. The RX Bias Interface provides this
correction for DC bias voltage on the andog RXI and RXQ sgnd channels using the dud DAC AD5302.
The DM provides the clock (AD4-SCLK), serid data (DATA), and frame (AD4_SYNC) sgnds (see
reference[3]). Seeref [16] for interface timing requirements.
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41.1.4 Tx Power Control Interface

The Power Control Interface provides two adjustments using another dud DAC AD5302 device for the
TX output power. The DM provides the clock (AD5-SCLK), serid data (DATA), and frame
(AD5_SYNC) dgnds (see reference [3]). The LDAC of this AD5302 is not required and thus connected
to GND. Seeref [16] for interface timing requirements.

41.1.5 Rx Power Control Interface

This AD5302 12-Bit DAC replaces the AD5541 DAC used to tune the Reference Design TCVCXO. For
the DM it is used for the Rx Power Control. The DM provides the serid clock (AD3_SCLK), output data
(DATA) and frame sync (AD3_SYNC) sgnds to the AD5302 device (see reference [3]). Seeref [16] for
interface timing requirements.

4.1.1.6 Frequency Synthesizer Interface

The four frequency synthesizers use the same LMX2306/2326 device type with a programming interface
condging of a common cock (SYN_CLK) and data (SYN_DATA) ggnds, individud load enable
(SYN_LEL,234) dgnds, and individud datus (SYN_ST1,234) sgnds dl provided by the DM (see
reference[3]). Seeref [18] for interface timing requirements.

4.1.1.6.1 DDS Interface (TX Doppler Correction)

The DDS AD9850 device is used to provide Doppler frequency correction on the TX modulated carrier.
The DM provides the serid clock (DDS CLK), data (DDS DATA), and frame sync (DDS SYNC)
sggnds (seereference [3]). Seeref [19] for interface timing requirements.

4.1.1.7 Temperature Sensor & Power Detector Interface

The AD7418 device is a 10-hit Digitd Temperaure Semsor with an operaing range from -55°C to
+125°C. The single-ended andog input is used to sense the temperature near the TX PA, which dissipates
the most power. The DM provides the serid clock (AD3 CLK) sgnd, the common data (DATA) signd,
and the frame sync (AD3_SYNC) sgnd (seereference [3]). Seeref [7] for interface timing requirements.

4.1.1.8 Discrete Control Signals
Seereference[2].

4.1.2 HTRF Interface

For the RF Module, a short circuit RF stub will be added to the TX output and RX input to provide a short
circuit path to ground to act as protection from trandent effects such as indirect lightning. Refer to Section
7. Also, see reference [ 2] and the customer DRD.

5 Performance Requirements

The RM performances requirements are generdly specified in section 50 of reference [1] are the
requirements as those of the Reference Design.
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6 Mechanical Requirements

6.1 PCB Form Factor

The PCB mechanicd form factor shdl be per the requirements specified in the cusomers Design
Requirements Document.

6.2 PCB Layout Standards

The PCB layout sandards shal be per the requirements specified in the cusomers Design Requirements
Document.

6.2.1 Signal Grounds

Andog sgnd return paths shdl have low impedance paths connected to a common point (area) on the
PCB away from the DM and RM digitd interface.

6.3 External Interface Connectors

The externd interface connectors shdl be per the requirements specified in the customers Design
Requirements Document.

7 Environmental Requirements

The environmentd peformance shdl be per the requirements specified in the customers Design
Requirements Document.

7.1 Shielding and Thermal Requirements

The RM employs the use of RF shidding according to the table below to help improve isolation between
on-board circuit functions and externa equipment.

8 Manufacturing Requirements

8.1 Manufacturability

The RM shdl be manufactured in accordance with the requirements defined by the Program Management
Pan and by cusomer Desgn Requirements (DRD), or in case of conflicting requirements, by the
customer-defined requirements.

8.2 Testability

The RM PCB ddl incdude test points according to their logicd use for support of engineering leve
debug and tedting, for use during production test, and for ongoing product maintenance. The following
test points are available on the RM.

8.2.1 Reliability

The MTBF of the RM shdl be per the requirements specified in the cusomers Design Requirements
Document.
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9 Installation and Maintenance Requirements

9.1 Maintenance Facilities
An operations and maintenance manud is provided for the Aero-M4 MTU of which the DM isincluded.

9.1.1 BuiltIn Test Equipment (BITE)

9.1.1.1 RF Loop-Back

When RR is configured for RF Loop Back, the Tx last stage power amplifier is shut down and the man
path is terminated by the switch resstor. This make sure the RM meet the EMI or OFF date emisson
requirements. The loop back coupled signd from Tx RF dgnd is attenuated to the norma recelve path
input levd. RF Loop-Back tegting is pat of the RF Module Diagnogsic Sdf-Test festures. The
configuration can be employed during production test, burr+in test, or maintenance te<t.

9.1.1.2 Frequency Synthesizer PLL Monitoring

Lock detection circuits are built-in to the frequency synthesizer devices (see ref [18]) are summarized and
made avallable to the DM interface where they are combined to a sngle status signa and provided to the
LP which generates a visud darm (board levd LED) and made available to the HTCE when an out-of-
lock conditionis detected.
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