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1.0 Introduction
1.1 Mission Background
The requirements herein were developed in support of the MMS (Magnetospheric Multi Scale) Project.

The MMS mission consists of four spin-stabilized satellites flown in a tightly controlled formation through a highly elliptical Earth orbit.  S-Band time division multiple access RF communications will be supported using the 34m DSN, 13m USN and TDRSS networks.  The DSN is the prime site for mission uplink command, downlink engineering, and downlink science data.  The USN and TDRS networks will provide backup capabilities to DSN for command and engineering data when necessary.  The USN may also provide limited downlink science data support.

Each satellite has its spin axis oriented roughly normal to the ecliptic plane.  Each satellite will be equipped with two S-Band communication antennas each mounted and encapsulated within radomes slightly above the top and bottom panels surfaces.

Integral to the MMS Mission and spacecraft operation is the Navigator Subsystem that provide onboard navigation functions. Navigator uses the Global Position Satellite system to purpose is to provide spacecraft location data.

1.2 Navigator Overview
As shown in Figure 2, the MMS Navigator subsystem consists of a receiver/processor unit fed by four functionally identical receive channels  On orbit, as the spacecraft spins the Navigator subsystem simultaneously and coherently processes  multiple GPS signals received in the 4 receive channels to support calculation of range/position information.  Each receive channel of the GPS subsystem will incorporate a sector antenna, and front end electronics. The front end electronics are  made up of the following functional elements: DC block, receive band-pass filter (BPF) and a Low Noise Amplifier (LNA), as shown in  Figure 1.  The order of components shown in the Figure should not be interpreted to impose a specific implementation. Other configurations are acceptable if overall requirements are met.

The Navigator subsystem will use block redundancy by using two identical but independent systems.   Any critical failure occurring in the primary side will necessitate the Navigator subsystem to failover to the B side.  Each Navigator side has four GPS inputs, and so there are  a total of eight receive channels for the spacecraft.  The front end electronics will not be cross strapped. 
2.0 Document Description

2.1 Purpose: The intent of this performance specification is to list the required minimum performance requirements on an individual set of front-end electronics as a complete unit.  The front-end electronics can however, be developed either as an integrated unit or as a string of separate elements.  Element performance allocations are stated where appropriate and the allocation are to be understood as the de facto element specification.
2.2 Scope

This specification is limited to defining the functional, performance, and environmental requirements for a single set of Front-End Electronics. RF cables are not included and are understood to be the responsibility of the MMS Harness subsystem. Flight Units and Engineering Test Units (ETU) are planned to be identical and this specification applies equally to both.  Environmental test regime and test levels differ between ETU and flight units.
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Figure 1: GPS antenna and Front End Electronics Configuration
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Figure 2: GPS RX Functional Interface to Navigator Box
3.0 Front-End Electronics Requirements
3.1 Front End Electronics Function and Performance
3.1.1 Operating frequency range-The front end electronics shall have an operating frequency range (OFR) from 1574.32 MHz to 1576.52 MHz.  
(Rational:  GPS L1 frequency Center 1575.42 MHz 2.2 MHz BW. GPS signal of interest is 2.048 MHz wide plus effects of Doppler: +/- 65 KHz.) Verification by test  of forward S parameter.
3.1.2 Gain Characteristics
The front end electronics shall have a minimum gain of 40 dB in the OFR.  
(Rational:  Performance budget. Includes loss from DC block and filter elements) Verification by test  of forward S parameter.  
3.1.2.1 The front end electronics shall have a ripple in gain of less then 0.2 dB over the OFR.
(Rational:  )  Verification by test  of forward S parameter.  
3.1.3 Return Loss: The front  end electronics  shall have an input and output return loss of greater than 15 dB, with reference to 50 ohms. Rationale: 50 ohm design and interface. Verification by test  of S11 parameter,  
3.1.4 Noise Figure: The front end electronics shall have a noise figure < 3.0 dB.  
Rational:  Best expected performance for commercial products. Verificaiton by NF test. 
3.1.5 Dynamic Range: The front end electronics shall have a one dB compression point > 12 dBm TBR at the output. Rationale: best commercial performance. Verification: by test of the S21 parameter. 
3.1.6 Out of band signal rejection:  
3.1.7 The front end electronics shall reject input signals which are above 2,100 MHz by a minimum of 70 dB attenuation (TBR).  The term reject is defined as firstly the relative attenuation of the signal level at the output to protect down stream receiver dynamic range, and secondly to protect LNA dynamic range. Rationale:  protects against interference from  strong interferers.  Verification by test of the forward S parameter.  
3.1.8 The front end electronics shall reject input signals which are below 1,500 MHz by a minimum of 30 dB attenuation (TBR).  Rationale:  protects against saturation from Satellite TV Broadcast signals.  Also, limits noise at the input. Verification by test of the forward S parameter.  
3.1.9 The front end electronics shall reject input signals which are below 1,300 MHz by a minimum of 50 dB attenuation (TBR).  Rationale:  protects against saturation from space based RADARs.  Also, limits noise at the input. Verification by test of the forward S parameter.  
3.1.10 The BPF shall reject input signals which are below 999 MHz by a minimum of 70 dB attenuation (TBR).  Rationale:  protects against saturation from strong earth based signals.  Also, limits noise at the input. Verification by test of the forward S parameter. 
3.1.11 The front-end electronics shall survive without damage an input maximum power level of -10 dBm.    
(Rational:  Robust design in the presence of other transmitters on the spacecraft and test area.)  Verifiy by test using the ETU.  
3.2 Electrical  


The front end electronics shall receive power via the RF output connector.  
(Rational:  Able to use one connector and save mass.) 
3.2.1 The front end electronics shall meet all specifications when the power supply has the following characteristics.  4.8 V nominal voltage, voltage range +/- 0.2 V TBR and by LM117 TBR regulator circuit, and with TBD noise characteristics. Rationale:    Budgeted voltage based on system losses from source to load.) must operate from power provided by NAVIGATOR.  Verification:  by test with Navigator simulator under TBD environmental load conditions.
3.2.2 The front end electronics power dissipation should not exceed 330mW.  
(Rational:  Power allocation.) 
3.2.3 The front end electronics power dissipation shall not exceed 350mW.  
(Rational:  Power allocation.) 
A triax type (TBR) output RF connector shall be used for power and RF interface to the Navigator receiver/processor.  (Rational:  Meet grounding and static cleanliness requirements from Electrical System Specification 0013 Section 3.1.8.2.  Chassis grounded but power and signal ground on inner shield is isolated.) 
3.2.4 The triax inner shield shall be connected to Navigator secondary return.  
(Rational:  Meet grounding requirements from Electrical System Specification 0013 Section 3.1.8.2.) 
3.2.5 The triax outer shield shall be connected to chassis ground.

                 (Rational:  Meet grounding requirements from Electrical System Specification 0013 Section 3.1.8.2.) 
Direct quotes/flow down from Electrical System Specification 0013

Connector 

RF SMA connector types shall meet the requirements of the TBD specification.  Rational: per MMS electrical systems specification document 0013 section 3.1.9.2.1.  Verification by inspection. 
Connector Contacts MMS electrical systems specification document 0013 section 3.1.9.2.2 Gold plated non-magnetic contacts shall be used for the subminiature-D and circular connectors (RF connectors). Rationale: Stipulated per MMS electrical systems specification document 0013 section 3.1.9.2.2). Note: applies to triax and sma connectors for this specification.Verification by inspection. 
3.3 Mechanical

3.3.1 Mass The GPS front end electronics mass shall not exceed 650 g each.
(Rational:  Mass allocation.)  
3.3.2 Dimensions The GPS front end electronics dimensions shall not exceed 30 TBR cubic inches.
(Rational:  volume allocation is not critical.)  
3.3.2.1 Mounting: The GPS front end electronics shall mount to a flat thermal and electrical conducting surface as specified in the TBD Navigator to Spacecraft Interface Control Document. Rational: Interfaces are typically detailed in ICDs. Verification by inspection. 

3.4 Special requirements for Front end electronic elements:  The following additional requirements apply only if elements are acquired separately.
3.4.1 All elements shall have input and output return loss of at least 20 dB referenced to 50 Ohm. Verification by VSWR test.
3.4.2 All elements will have the final mechanical mounting form fit agreed to at time of purchase award. Rationale: allows flexible mechanical design to accommodate diverse vendor parts.

3.4.3 Band pass Filter  BPF

3.4.3.1 The BPF shall have a SMA female connector on the input. Rational: MMS standard. Verification by inspection
3.4.3.2 The BPF shall have a SMA male connector on the output. Rational: MMS standard. Verification by inspection.
3.4.3.3 The BPF shall have a insertion loss of less than 0.75 dB over the OFR. Rational: FEE design allocation to BPF.  Verification by test.

3.4.3.4  The BPF shall have a ripple in insertion loss over the OFR of under 0.1 dB.

3.4.4 The BPF shall reject input signals which are above 2,100 MHz by a minimum of 70 dB attenuation (TBD).  The term reject is defined as firstly the relative attenuation of the signal level at the output to protect down stream receiver dynamic range, and secondly to protect LNA dynamic range. Rationale:  protects against interference from  RF communication subsystem transmitter. Also, limits noise at the input.  Verification by test of the forward S parameter.  
3.4.4.1 The BPF  shall reject input signals which are below 1,300 MHz by a minimum of 50 dB attenuation (TBD).  Rationale:  protects against saturation from RADARs.  Also, limits noise at the input. Verification by test of the forward S parameter.  
3.4.4.2 The BPF shall reject input signals which are below 1,500 MHz by a minimum of 30 dB attenuation (TBR).  Rationale:  protects against saturation from Satellite TV Broadcast signals.  Also, limits noise at the input. Verification by test of the forward S parameter.  
3.4.4.3 The BPF shall reject input signals which are below 999 MHz by a minimum of 70 dB attenuation (TBR).  Rationale:  protects against saturation from key earth based signals.  Also, limits noise at the input. Verification by test of the forward S parameter.  
3.4.4.4 The BPF shall weigh less than 350 g.

3.4.4.5 The BPF shall be under 24 cubic inches volume.

3.4.4.6 The BPF shall mount to flat metallic surface.

3.4.5 DC block

3.4.5.1 The DC block shall DC isolate the input signal and ground leads from the output signal and ground respectively by at least 10 Mohm TBR resistance. Rational: MMS grounding requirements. Verification by test.
3.4.5.2 The DC block shall have an insertion loss of under 0.25 dB over the OFR.

3.4.5.3 The DC block shall have an amplitude flatness  in insertion loss over the OFR of under 0.05 dB.  Note: (amplitude flatness is equivalent to the generic term  ripple which includes any change in attenuation over the OFR such as for a slope characteristics. )
3.4.5.4 The DC block shall have a SMA female connector on the input. Rational: MMS standard. Verification by inspection

3.4.5.5 The DC block shall have a SMA male connector on the output. Rational: MMS standard. Verification by inspection

3.4.5.6 The DC block shall weigh less than 50 g.

3.4.6 Low Noise Amplifier (LNA)

3.4.6.1 The LNA shall have a SMA female connector on the input. Rational: MMS standard. Verification by inspection

3.4.6.2 The LNA shall have a SMA male connector on the output.  Rationale: MMS standard  Verification by inspection. 
3.4.6.3 The LNA shall have a minimum gain of 41 dB in the OFR.  
(Rational:  Performance budget. Verification by test  of forward S parameter.  

3.4.6.4 The LNA shall have a ripple in gain of less then 0.1 dB over the OFR.
(Rational:  )  Verification by test  of forward S parameter.  

3.4.6.5 The LNA shall have a noise figure of under 1 dB over the OFR.

3.4.6.6 The LNA shall have a one dB compression point of at least 12 dBm (TBR) at the output. 

3.4.7 The LNA shall be DC biased either  via the RF output connector or via separate terminal.  
Rational:  Multiple option give most flexibility to designer and vendor.  Providing bias via a separate terminal will require a DC block at the output of the LNA. 

3.4.8 The LNA shall meet all specifications when the DC bias supply has the following characteristics.  4.8 V nominal voltage, voltage range +/- 0.2 V TBR and by LM117 TBR regulator circuit, and with TBD noise characteristics. Rationale:    Budgeted voltage based on system losses from source to load.).  Verification:  by test with Navigator simulator under TBD environmental load conditions.

3.4.9 The LNA may optionally isolate DC ground from the LNA case.  Rationale: Allows simpler design for the FEE to meet magnetic cleanliness requirements to eliminate ground loops.

3.4.10 The LNA may optionally isolate the RF input and/or RF output from DC bias. Rationale: Allows simpler design for the FEE to meet magnetic cleanliness requirements to eliminate ground loops.

3.4.11 The LNA power dissipation should not exceed 330mW TBR.  
(Rational:  Power allocation.) Element allocation (to LNA only)

3.4.11.1 The LNA  power dissipation shall not exceed 350mW TBR.  
(Rational:  Power allocation.) Element allocation (to LNA only)
3.4.11.2 The LNA shall weigh under 50 g. 
3.4.11.3 The LNA shall mount to flat metallic surface.

3.4.11.4 Case

The case shall mechanically secure DC block, LNA, and a triax output connector in one package.  It could optionally secure the BPF.

3.4.11.5 The case shall provide mount points for a flat surface in accordance to the Navigator to Spacecraft ICD. 

3.4.11.6 A triax type (TBR) output RF connector shall be used for DC bias and RF interface to the Navigator receiver/processor.  (Rational:  Meet grounding and static cleanliness requirements from Electrical System Specification 0013 Section 3.1.8.2.  Chassis grounded but power and signal ground on inner shield is isolated.) 

3.4.11.7 The triax center pin shall be connected to Navigator RF and to Navigator provided DC bias positive.

3.4.11.8 The triax inner shield shall be connected to Navigator secondary return which is both RF and DC bias return.  
(Rational:  Meet grounding requirements from Electrical System Specification 0013 Section 3.1.8.2.) Element allocation (to LNA only)

3.4.11.9 The triax outer shield shall be connected to chassis ground.

                 (Rational:  Meet grounding requirements from Electrical System Specification 0013 Section 3.1.8.2.) 

3.4.11.10 Case shall weight under 200 g.

3.4.11.11 Case shall provide thermal conductivity  of TBD units to its base.

3.4.11.12 Case shall provide less than 2.5 mOhm DC resistence from case to chassis when mounted.

                APPENDIX A:  Abbreviations and Acronyms

	Abbreviation/ Acronym
	DEFINITION

	A
	Ampere

	Al
	Aluminum

	AM
	Amplitude Modulation

	C
	Degrees Celsius

	C&DH
	Command and Data Handling

	CE
	Conducted Emissions

	Comm.
	Communications

	Conv.
	Convolution

	COTR
	Contracting Officer’s Technical Representative

	CW
	Continuous Wave

	cm
	Centimeters

	cmd
	Command

	CS
	Conducted Susceptibility

	DA
	Double Amplitude

	dB
	Decibel 

	dBc
	Decibels referenced to the carrier level

	dBi
	Decibels referenced to an isotropic source

	dBm
	Decibels referenced to a milliwatt

	EEE
	Electrical, Electronic, and Electromechanical

	EMC
	Electromagnetic Compatibility

	EMI
	Electromagnetic Interference

	EOL
	End of Life

	ETU
	Engineering Test Unit

	fc
	Center frequency

	ft
	Feet

	GEO
	Geosychronous Orbit

	GEVS-SE
	General Environmental Verification Specification for STS and ELV payloads, subsystems, and components

	GHz
	Gigahertz

	GTO
	Geosynchronous Transfer Orbit

	HGA 
	High Gain Antenna

	Hz
	Hertz

	K
	degrees Kelvin

	kbps
	Kilobits per second

	kg
	Kilograms

	km.
	Kilometer

	lbs
	Pounds

	LET
	Linear Energy Transfer

	LISN
	Line Impedance Simulation Network

	
	

	mA
	milliamps

	Mbps
	Megabits per second

	MHz
	Megahertz

	MMIC
	Monolithic Microwave Integrated Circuit

	M ohms      
	Mega ohm

	msec.
	millisecond

	Msps
	Megasymbols per second

	oct.
	octave

	OQPSK
	Offset Quadriphase Shift Keying

	PA
	Power Amplifier

	pF
	picofarad

	PM
	Phase Modulation

	PSE
	Power System Electronics

	QPSK
	Quadriphase Shift Keying

	reqmts
	requirements

	RE
	Radiated Emissions

	RF
	Radio Frequency

	RFI
	Request For Information

	RS
	Radiated Susceptibility

	RTN
	Return

	SC
	Spacecraft

	MMS
	Solar Dynamics Observatory

	SEB
	Single Event Burnout

	SEE
	Single Event Effects

	SEGR
	Single Event Gate Rupture

	SEM
	Scanning Electron Microscope

	SEU
	Single Event Upset

	SOW
	Statement of Work

	SPL
	Sound Pressure Level

	SSPA
	Solid State Power Amplifier

	temp
	temperature

	TID
	Total Ionizing Dose

	usec
	microsecond

	UUT
	Unit Under Test

	Vdc
	Direct current voltage

	VSWR
	Voltage Standing Wave Ratio
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