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	Radio and Plasma Waves (experiment)
	
	



Table of Contents

1	General	7
1.1	Scope of the Document	7
1.2	Applicable Documents	7
1.3	Reference Documents	7
1.4	Responsibilities	7
2	Introduction	8
2.1	Equipment Overview	8
2.2	Scientific Objectives and Performances	8
2.3	Instrument Description	8
2.3.1	Functional Description	8
2.3.2	Hardware Description	9
2.3.3	Software Description	11
2.3.4	BIAS Unit Configurations	13
2.3.5	Data shaping and sampling strategy	15
2.4	Processing	17
2.4.1	Data at f0 = 24576 Hz, f1 = 4096 Hz and f2 = 256 Hz	18
2.4.2	WaveForm records (WF)	19
2.4.3	Averaged Spectral Matrix (ASM)	19
2.4.4	Basic Parameters (BP)	21
2.4.5	Default processing scenario	23
2.4.6	Alternative processing scenarios	24
2.4.7	16 Hz data	25
3	Equipment Requirements	27
3.1	Functional Requirements	27
3.2	Performance Requirements	27
3.3	Operational Requirements	27
3.3.1	Functioning Modes	27
3.3.2	SCIENCE_NORMAL Mode	28
3.3.3	SCIENCE_BURST Mode	30
3.3.4	SCIENCE_SBM1 Mode	30
3.3.5	SCIENCE_SBM2 Mode	31
3.3.6	Coordination with other instruments	32
3.4	Data Handling Requirements	33
3.4.1	Telecommands	33
3.4.2	Telemetry	34
3.4.3	Monitoring and Housekeeping	35
3.4.4	Time Distribution	36
4	General Interfaces Requirements	37
4.1	Instrument Identification and Labelling	37
4.2	Design Requirements	37
4.2.1	Lifetime and Maintainability	37
4.2.2	Fault Tolerance	37
4.2.3	Safety Concept	38
4.2.4	Radiation Tolerances	38
4.3	Mechanical Specification	38
4.3.1	Structural Design	38
4.3.2	Mechanical Environment	42
4.3.3	Structural Analyses	42
4.4	Thermal Specification	43
4.4.1	Thermal Design	43
4.4.2	Thermal Ranges	43
4.4.3	Thermal Interfaces – Hardware	44
4.4.4	Mathematical Model	44
4.5	Power Interfaces Specification	44
4.5.1	Power Interfaces	44
4.5.2	Interfaces Design	45
4.6	Communication Interfaces Specification	46
4.6.1	Link Redundancy	46
4.6.2	Physical Level	46
4.6.3	Signal Level	48
4.6.4	Exchange Level	49
4.6.5	Link Timing	49
4.6.6	RMAP Buffers	50
4.6.7	System Time Distribution	50
4.6.8	Data Level	50
4.7	Interconnections Specification	50
4.7.1	Interfaces Diagram	50
4.7.2	Input / Output Stages	52
4.7.3	Connectors and Pins Allocation	53
4.8	EMC Requirements	54
4.8.1	Grounding	54
4.8.2	Isolation	55
4.8.3	Material Selection	55
5	Verification Requirements	55
5.1	Verification and conformance Matrix	55
APPENDIX A Processed data versus modes and configurations	57
APPENDIX B ASM compression algorithm	59


List of figures

Figure 1 LFR Block Diagram	10
Figure 2 LFR Clock Domains	11
Figure 3 Architecture of the LFR FPGA	12
Figure 4 The shaping done on the sampled data coming from electrical sensors (BIAS and HF PREAMP) depends on 2 parameters: SP0 and SP1. The BW parameter depends on the BIAS Unit configuration.	15
Figure 5 The routing strategy for the downsampled electrical data streams depends on two parameters: R0 and R1	16
Figure 6 Downsampling strategy and processing done on downsampled data streams	17
Figure 7 Block diagram of the data processing performed on each package at fm (m=0, 1 or 2)	18
Figure 8 Time intervals in the case of 3 channels in snapshot mode	19
Figure 9 Time series of the ASM and BP calculations, with TBP_m = 4s for each channel	23
Figure 10 Example of a strategy for the processing	24
Figure 11 Inter-analyzer synchronization process (AD1)	33
Figure 12: MEB mechanical concept.	39
Figure 13 Frame dimensions and mounting concept	39
Figure 14 MEB generic board shape	40
Figure 15: Temperature definition for Thermal Control System.	42
Figure 16 SpaceWire interface diagram	45
Figure 17: View of the SpW front plug on equipment side.	46
Figure 18: Summary of the electrical characteristics of ANSI/TIA/EIA-644.	47
Figure 19: LVDS signalling levels.	47
Figure 20: Over-voltage protection.	48
Figure 21: Communication Stack.	48
Figure 22 LFR Interfaces Diagram	50
Figure 23 Conecptual viewof the pseudo-differential structure to be implemented on all the LFR analog inputs	51
Figure 24 LFR Input analog filter, Stage 1	52
Figure 25 LFR Input analog filter, Stage 2	52

[bookmark: _Toc318973688]
General
[bookmark: _Toc318973689]Scope of the Document
The purpose of this document is to define the functional and interface requirements of the LFR. This document shall be used as an internal reference document within the RPW and will be used as an applicable document.
[bookmark: _Toc318973690]Applicable Documents
This document responds to the requirements of the documents listed in the following table:
 
	#
	Reference
	Title of the document
	Rev

	AD1
	RPW-SYS-SSS-00013-LES
	RPW System Software Specification
	3.0

	AD2
	RPW-SYS-MEB-SPC-00021-LES
	RPW MEB Specification
	3.0

	AD3
	ICD_SO_RPW
	RPW Interface Control Document
	1.0

	AD4
	RPW-SYS-SRD-00040-LES
	RPW Science Requirements
	1.0

	AD5
	RPW-MEB-LFR-SRS-00020
	LFR Software Requirements Specification
	1.0

	AD6
	MICD_LFR_Draft
	LFR MICD
	1.2
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This document is based on the documents listed in the following table:

	#
	Reference
	Title of the document
	Date / Rev

	RD1
	SOL-EST-IF-0050-Issue2-Rev5
	SO Experiment Interface Document – Part A
	05/07/2010

	RD2
	SOL-RPW-EID– Issue2 – Rev1
	RPW Experiment Interface Document – Part B
	09/04/2010

	RD3
	RPW-SYS-SRD-00040
	Science Requirements Document
	

	RD4
	RPW-SYS-MEB-BIA-SPC-00001-IRF
	Specifications of RPW/BIAS
	1.2

	RD5
	RPW-SYS-MEB-LFR-PRC-000472-LES
	Test procedure for LFR
	12 JUL 2013
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[bookmark: _Toc318973693]
Introduction
[bookmark: _Toc318973694]Equipment Overview
The LFR instrument is designed to produce and transmit waveforms (WF), averaged spectral matrices (ASM) and basic parameters (BP) from LF electromagnetic data (quasi DC-10kHz). The electric field data are provided by the electric antennas (ANT) and by the entity that controls their operation (BIAS). The magnetic field data are coming from the searchcoil magnetometer (SCM).
The LFR board will also have a special area reserved to the SCM Heater circuitry. LFR will monitor its own temperature and the temperature of the SCM. It will generate a calibration signal for the SCM.
[bookmark: _Toc318973695]Scientific Objectives and Performances
The science objective of LFR is the study of the electromagnetic wave activity in the extended corona and the solar wind, from a fraction of a Hertz to about 10 kHz, which should cover the electron gyrofrequency and most of the Doppler-shifted frequencies of the low frequency plasma waves. The main waves to be observed in this frequency range are thus kinetic or inertial Alfven waves, ion cyclotron waves, ion acoustic waves, and magnetosonic or whistler mode waves. Their characterization and the determination of their respective role in heating and accelerating the solar wind during its expansion is the main scientific issue addressed by LFR. Another important subject for LFR is the study of the low frequency plasma waves associated to solar wind disturbances, as for instance interplanetary shocks.
Characterizing the low frequency waves in the solar wind involves the capability of the LFR to distinguish solitary waves from broadband wave activity, to cover turbulence and plasma instabilities, to identify the wave modes at work. Performing a multi-component analysis of the data is thus mandatory, using either a classical Fourier analysis or another treatment of the waveforms more appropriate to turbulence analysis.
Given the limitations in the telemetry, it is necessary to implement specific techniques to take the maximum advantage of the data. The LFR is tailored to optimize the scientific return of the data. The LFR design gives the possibility of mixing different types of output data, from low-level processed data (waveform data) to high-level processed data (averaged spectral matrices and their derived parameters), with various data rate possibilities (continuous or cyclic transmission, adaptable frequency bandwidth as well as adaptable frequency and time resolutions). The scientific added value stems from the choice of the most relevant combination of the different data to be transmitted, according to the RPW Science Requirements Document (RD3). A number of predefined working modes will be defined, but it will also be possible to define other working modes in flight.
[bookmark: _Toc318973696]Instrument Description
[bookmark: _Toc318973697]Functional Description
The main functions of LFR are the following:
· Selection of 8 analog channels among 11 available (§2.3.4).
· Sampling of 8 analog channels continuously at f0 = 24576 Hz (this includes analog anti-aliasing filtering, sampling at fs = 98304 Hz, digital anti-aliasing filtering and down-sampling at f0).
· Processing of the 8 data streams and transmission of the products to the DPU through a SpaceWire link (processing detailed in §2.4).
· Monitoring of one SCM temperature and two LFR temperatures.
· Generation of a calibration signal for the SCM.
· Providing a reserved area on the LFR board for the SCM heater command system (design done by LPC2E, Orléans).
[bookmark: _Toc318973698]Hardware Description
LFR will be implemented on one PCB card inside the MEB. The block diagram is shown on Figure 1. The LFR hardware can be divided into 3 main blocks: the analog part, the digital part and the SCM Heater part. This third part implements the means to command the SCM heating system. The design of this part is not under the responsibility of the LFR team which will only provide room for the SCM heating command board.
LFR has 11 analogue channels:
· 5 from BIAS (BIAS_1, BIAS_2, BIAS_3, BIAS_4 and BIAS_5)
· 3 from HF preamplifiers (VHF_1, VHF_2, VHF_3)
· 3 from SCM (SCM_1, SCM_2, SCM3)
LFR will digitize 8 signals among these 11 signals. The routing strategy is based on two main configurations named BIAS_WORKS and BIAS_FAILS described further in §2.3.4. Whatever the configuration, the three channels coming from SCM are digitized.
The LFR analog part implements:
· The means to filter and route the 11 analog inputs. Several switches steered by the digital part allow the commutation between the BIAS_WORKS and BIAS_FAILS configurations. 8 ADCs sample continuously the selected analog channels and the data are sent to the digital part.
· The means to select and condition housekeeping data (1 temperature probe on the SCM and 2 temperature probes and the LFR).
· The means to generate a calibration signal for the SCM.
· The power supply regulation.
· The 3V voltage reference.
The digital part implements:
· An Actel RTAX FPGA, which configuration will be described later in this section.
· LVDS interfaces for the SpaceWire link to the DPU.
· Memories for the FPGA.
[image: E:\MISSIONS\SOLO\DOCS\LFR General Schematic.png]
[bookmark: _Ref285117577][bookmark: _Toc314225900]Figure 1 LFR Block Diagram
All clock signals are derived by the FPGA logic using frequency division from two master clock frequencies generated by crystal oscillators at 50 MHz and 49.152 MHz (Figure 2). The following clock frequencies will be used on LFR:
· 25 MHz => Leon3, RAMs, AMBA bus, all other VHDL modules described in the next section
· 10 MHz => SpaceWire
· 98304 Hz => Sampling clock of the ADCs (8 main channels)
[image: Clock Domains]
[bookmark: _Ref285175815][bookmark: _Toc314225901]Figure 2 LFR Clock Domains
	REQ-RPW-LFR-2317 The LFR shall process the LF electric from the BIAS unit and magnetic fields from SCM in the range from near-DC to 10kHz.

	[bookmark: _Ref285109998]REQ-RPW-LFR-2300 The LFR shall allocate an area of TBD mm2 to implement the SCM heat control circuitry.

	REQ-RPW-LFR-2316 Despite the LFR electronics and the SCM heat control share the same PCB, both units shall be functionally and electrically independent.


[bookmark: _Toc318973699]Software Description
FPGA Design
To fulfil all the requirements on the data processing, LFR processing architecture will be based on a Leon3-FT soft processor connected to an AMBA bus jointly with filtering, processing and special purpose VHDL modules. The proposed architecture is described on the Figure 3.
All the modules described hereafter will be configured via special registers accessed by the Leon3 through the AMBA APB bus.
[image: E:\MISSIONS\SOLO\DOCS\LFR VHDL block diagram.png]
[bookmark: _Ref285117365][bookmark: _Toc314225902]Figure 3 Architecture of the LFR FPGA
[bookmark: _Toc278276070][bookmark: _Toc279403383]Anti-aliasing filter
LFR shall have an input anti-aliasing digital filter, which will decimate all ADC streams at 98304 Hz down to f0 = 24576 Hz.
The anti-aliasing filter will be integrated in a module named “Reconfigurable Anti-Aliasing Filter”.
[bookmark: _Toc278276071][bookmark: _Toc279403384]Down-sampling
LFR shall implement digital filtering allowing the production of 3 downsampled data streams, which frequency will be:
· f1= 4096 Hz
· f2= 256 H
· f3 = 16 Hz
The downsampled data streams will be delivered by a set of digital filtering modules.
[bookmark: _Toc278276072][bookmark: _Toc279403385]FFT and Spectral Matrices Calculations
FFT and Spectral Matrices will be computed by dedicated modules, named respectively “FFT Accelerator” and “Spectral Matrix Accelerator”.
[bookmark: _Toc278276073][bookmark: _Toc279403386]Averaged Spectral Matrices and Basic Parameters
Averaged Spectral Matrices will be computed by a dedicated module, named “Spectral Matrix Accelerator”.
Basic Parameters will be computed by the Leon3 Floating Point Unit.
Leon3 Software
A program written in C will run on the Leon 3 CPU to perform the following tasks:
· Maintain the communication with the DPU.
· Get the data computed by the VHDL modules and build the data packages before transmission to the DPU via the SpaceWire link.
· Compute the basic parameters of the plasma waves using the electrical and magnetic data.
· Receive the commands sent by the DPU and act as specified.
· Receive the time information from the DPU, use it to synchronize the instrument and write it in the data packages.
LFR will be booted over SpaceWire from the RPW DPU via RMAP.
	REQ-RPW-LFR-2301 The LFR shall implement its own embedded S/W.

	REQ-RPW-LFR-2302 The LFR FSW shall be designed to ensure the complete nominal flight operations.

	[bookmark: OLE_LINK5]REQ-RPW-LFR-2303 Analyzers S/W shall be partially or fully replaceable and uploaded from the DPU.

	REQ-RPW-LFR-2304 LFR shall implement, as a minimum configuration, the LEON-FT processor, DSU (Debug Support Unit) and the RMAP firmware.

	REQ-RPW-LFR-2318 As well as the DPU, analyzers supporting on-board S/W shall force the equipment reboot, upon reception of a dedicated TC command (reset triggered by Software).

	REQ-RPW-LFR-2319 In order to comply with the RMAP boot process, this reset controlled by S/W shall be performed by the means of dedicated hardware implemented into equipments. The hardware shall trigger simultaneously the RESET signal and the DSUBRE signal of the processor (the DSUBRE signal allows to put the processor in the debug state).

	REQ-RPW-LFR-2320 As well as the DPU, analyzers supporting on-board S/W shall implement watchdogs to detect program lock-ups and endless loops and properly reset in such a case.


[bookmark: _Ref311440384][bookmark: _Ref311440473][bookmark: _Toc318973700]BIAS Unit Configurations
BIAS_WORKS Configuration
In the BIAS_WORKS configuration, LFR will process 5 analog inputs coming from BIAS (BIAS_1, BIAS_2, BIAS_3, BIAS_4 and BIAS_5) and 3 coming from SCM (SCM_1, SCM_2 and SCM_3). The BIAS Unit’s primary objective is to optimize the operation of electric antennas at low frequencies by injecting currents which values depend on the potential measured by the LF preamp. Secondly, as the BIAS Unit receives the three “raw” LF potentials (V1_LF, V2_LF, and V3_LF) it can also produce derived analogue signals in order to optimize the digital processing. Three types of signals adapted to different frequency and sensitivity objectives are produced by the BIAS unit. These signals are described in Table 1 and in the BIAS Specification Document (RD4).
[bookmark: _Ref285175093][bookmark: _Ref285175087]Table 1Signals delivered by the BIAS Unit to the LFR
	Type
	Definition
	Reference
	Value

	a
	Large DC electric potentials and fields
	V1_DC
V2_DC
V3_DC
	V1_LF x α
V2_LF x α
V3_LF x α

	b
	Medium DC electric fields
	V12_DC
V13_DC
V23_DC
	(V2_LF – V1_LF) x β
(V3_LF – V1_LF) x β
(V3_LF – V2_LF) x β

	c
	Weak AC electric fields
	V12_AC
V13_AC
V23_AC
	(V2_LF – V1_LF)_AC x γ
(V3_LF – V1_LF)_AC x γ
V3_LF – V2_LF)_AC x γ

	V1_LF, V2_LF and V3_LF are BIAS internal signals corresponding to Antenna 1, 2 and 3 after LF preamps signals.
Α, β and γ are BIAS internal coefficients.



For reasons of asymmetry affecting the operating potentials of electric antennas, it is indeed not possible to have this range of dynamics at once. The “raw” potentials are actually the potential differences measured between the electric antennas and the spacecraft body. As the latter generally has a DC operating potential much greater than that of the antennas, the signals V1_LF, V2_LF and V3_LF always consist of a DC signal of high amplitude superimposed on the electrical signal to be measured. The idea is to get rid of the large potential value of the spacecraft by achieving the analogue difference between two “raw” potentials. This is the reason why we have the signals of type b). 
The signals of type c) are similar but the targeted sensitivity is γ times better for the highest frequencies of the LF band. For reasons of asymmetry between the electric antennas, the differences between analogue “raw” potential still contain a DC component that we want to avoid in order to amplify only the differential signal. Hence the signals of type c) for which a high-pass filtering (≥ 50Hz) is done before amplification. The signals of type a) have a dual use. On one hand, they allow checking that the electric antennas work well; on the other hand, the measure can be used in case of electrical fluctuations of high amplitude (dynamic increased by a factor 1/α).
	REQ-RPW-LFR-2305 The signals V12_AC, V23_AC and V13_AC delivered by the BIAS Unit to the LFR shall be filtered below 50 Hz



In the BIAS_WORKS configuration, the BIAS Unit is responsible for the delivery to the LFR of 5 signals among 9 available following the sub-configuration steered by the DPU. 5 sub-configurations will be considered. The sub-configurations are described in Table 2.
[bookmark: _Ref285175282]Table 2 Signals sent to the LFR by the BIAS Unit as a function of the selected BIAS operation state
	BIAS output signals
	
	

	BIAS_1
	BIAS_2
	BIAS_3
	BIAS_4
	BIAS_5
	Operation
	Op Code

	V1_DC
	V12_DC
	V23_DC
	V12_AC
	V23_AC
	Standard operation
	STD

	V2_DC
	V3_DC
	V23_DC
	V12_AC
	V23_AC
	probe 1fails
	PB1F

	V1_DC
	V3_DC
	V13_DC
	V13_AC
	V23_AC
	probe 2 fails
	PB2F

	V1_DC
	V2_DC
	V12_DC
	V12_AC
	V23_AC
	probe 3 fails
	PB3F

	V1_DC
	V2_DC
	V3_DC
	V12_AC
	V23_AC
	offsets saturate V12
	SAT


[bookmark: _Ref285110013]BIAS_FAILS Configuration
In the BIAS_FAILS configuration, LFR will process 6 analogue inputs (3 coming from ANT and 3 from SCM). Indeed, three signals will be delivered directly by the HF PREAMPs to the LFR (VHF_1, VHF_2 and VHF_3). The “raw” HF potentials delivered by the HF PREAMPs are filtered below 100Hz by the HF PREAMPs themselves, so as to mitigate the dissymmetry influencing the electric fields measurements.
	REQ-RPW-LFR-2306 The HF potentials delivered by the HF PREAMPs shall be filtered below 100 Hz.

	[bookmark: OLE_LINK3]REQ-RPW-LFR-2307 In the BIAS_FAILS configuration, LFR shall be able to route the signals VHF_1, VHF_2 and VHF_3 towards its ADCs ADC_E1, ADC_E2 and ADC_E3.


In case of a BIAS unit failure, LFR shall be able to route the HF signals from ANT (V1_HF, V2_HF and V3_HF), via a multiplexer, towards the ADC channels, and to do the subtractions numerically.
Summary of the BIAS_WORKS/BIAS_FAILS configurations
The table below presents the analog signals routed to the LFR ADCs versus the configuration of the BIAS Unit.
Table 3 Analog signals routed to the LFR ADCs as a function of the configuration (BIAS_WORKS, BIAS_FAILS)
	BIAS_WORKS

	BIAS_1
	BIAS_2
	BIAS_3
	BIAS_4
	BIAS_5
	
	
	
	

	V1_DC
	V12_DC
	V23_DC
	V12_AC
	V23_AC
	standard
	SCM_1
	SCM_2
	SCM_3

	V2_DC
	V3_DC
	V23_DC
	V12_AC
	V23_AC
	probe 1 fails
	SCM_1
	SCM_2
	SCM_3

	V1_DC
	V3_DC
	V13_DC
	V13_AC
	V23_AC
	probe 2 fails
	SCM_1
	SCM_2
	SCM_3

	V1_DC
	V2_DC
	V12_DC
	V12_AC
	V23_AC
	probe 3 fails
	SCM_1
	SCM_2
	SCM_3

	V1_DC
	V2_DC
	V3_DC
	V12_AC
	V23_AC
	offsets
saturate V12
	SCM_1
	SCM_2
	SCM_3

	BIAS_FAILS

	VHF_1
	VHF_2
	VHF_3
	GND
	GND
	
	SCM_1
	SCM_2
	SCM_3

	↓
	↓
	↓
	↓
	↓
	
	↓
	↓
	↓

	ADC_ E1
	ADC_E2
	ADC_E3
	ADC_E4
	ADC_E5
	
	ADC_B1
	ADC_B2
	ADC_B3


[bookmark: _Toc318973701]Data shaping and sampling strategy
ADC channels will be digitized continuously at the sampling frequency f0. The corresponding primary digital signals are referred to as d1, d2, d3, d4, d5, B1_f0, B2_f0 and B3_f0 as presented on Figure 4. The choice of the sampling frequency, f0 = 24576 Hz, is driven by the need to analyze electromagnetic waves up to 10 kHz and the constraint to be an integer multiple of 4096 Hz, 256 Hz et 16 Hz.
[image: E:\MISSIONS\SOLO\DOCS\shaping.png]
[bookmark: _Ref310542555][bookmark: _Ref310542551][bookmark: _Toc314225903]Figure 4 The shaping done on the sampled data coming from electrical sensors (BIAS and HF PREAMP) depends on 2 parameters: SP0 and SP1. The BW parameter depends on the BIAS Unit configuration.
In order to optimize the treatments, a shaping of the initial data is performed before downsampling. The shaped data are referenced as s1_f0, s2_f0, s3_f0, s4_f0 and s5_f0. This shaping depends on 2 parameters: SP0 and SP1 which values depend on the BIAS configuration (see Table 4 and Figure 4 for details).
[bookmark: _Ref310542423]Table 4 Values of the shaping parameters as a function of the configuration
	
	BW
	SP0
	SP1

	BIAS_WORKS/STD
	1
	0
	0

	BIAS_WORKS/SAT
	1
	1
	1

	BIAS_WORKS/PB1F
BIAS_WORKS/PB2F
BIAS_WORKS/PB3F
	1
	1
	0

	BIAS_FAILS
	0
	1
	1



	REQ-RPW-LFR-2308 LFR shall be able to sample continuously 8 analog signals at f0=24576 Hz, with a resolution of at least 14 bits.

	REQ-RPW-LFR-2309 LFR shall be able to build secondary data streams at f0 from the primary data streams at f0 depending on the configuration selected by TC, as specified in Figure 4 and Table 4.


To obtain an optimized frequency analysis over the entire frequency band (quasi DC-10 kHz), the signals initially digitized at f0 are downsampled by digital filtering. Three sub-sampling frequencies
						f1 = 4096 Hz,	
						f2 = 256 Hz,	
						f3 = 16 Hz,
are then available thanks to classic digital filters and CIC filters. Among the five sub-sampled data streams of electrical datas, only three are selected for further processing, as presented on Figure 5. The values of the parameters R0 and R1 presented on Figure 5 are fixed by TC and will be choosen by the scientific team during the mission, depending on the measured datas. For each parameter, a default value is defined as a function of the BIAS configuration.

[image: C:\DATA_PLE\MISSIONS\SOLO\DOCS\EQM - FM routing.png]
[bookmark: _Ref310542966][bookmark: _Toc314225904]Figure 5 The routing strategy for the downsampled electrical data streams depends on three parameters: R0, R1 and R2
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The 8 original digital data (sampled at f0) are not all downsampled at f1, f2, and f3. It is at the mode definition level that one determines which signals to downsample. More precisely:
· The magnetic field data (B1_ f0, B2_ f0 and B3_ f0) are downsampled at f1 and f2 but could be not at f3 in a mode in which the redundancy with the DC magnetometer is not desired.
· The electric field signals V12_AC, V13_AC and V23_AC (for weak AC fields) are filtered below 50Hz; it is then useless to downsample the data s4_ f0 and s5_ f0 at f2 and f3 (this is shown on Figure 5).
· For each considered sampling frequency fm (m = 0, 1, 2 or 3) only 3 out of the 5 electric field data (s1_f0, s2_f0, s3_f0, s4_f0, and s5_f0) are used for data processing.

	REQ-RPW-LFR-2310 LFR shall be able to downsample the 3 magnetic field primary data streams from f0 down to f1 = 4096 Hz, f2 = 256 Hz and f3 = 16 Hz.

	REQ-RPW-LFR-2311 LFR shall be able to downsample 5 secondary electric field data streams from f0 down to f1 = 4096 Hz

	REQ-RPW-LFR-2312 LFR shall be able to downsample 3 secondary electric field data streams from f1 = 4096 Hz down to f2 = 256 Hz and f3 = 16 Hz

	REQ-RPW-LFR-2313 LFR shall be able to select either s2_f0/s3_f0 or s4_f0/s5_f0 for further processing at f0, using the parameter R0.

	REQ-RPW-LFR-2314 LFR shall be able to select either s2_f1/s3_f1 or s4_f1/s5_f1 for further processing at f1, using the parameter R1.

	REQ-RPW-LFR-2315 Default values for R0, R1 and R2 depend on the mode. They shall be modifiable through a parameters set sent by TC jointly with the scientific mode to steer.

	REQ-RPW-LFR-2316 LFR shall be able to select either s2_f2/s3_f2 or s4_f2/s5_f2 for further processing at f2, using the parameter R2.


More details on the definition of modes and sub-modes, and the consequences on the routing of the analog channels and on the downsampling / processing strategy will be given in section 3.3.1.
In Appendix A, you will find some examples of the data that are processed by the LFR depending on the parameters set {BW, SP0, SP1, R0, R1} and the default values for these parameters depending on the scientific mode.
[bookmark: _Ref311440282][bookmark: _Toc318973702]Processing
An example of downsampling strategy is presented on Figure 6, as well as the processing that will be performed on the routed data streams.
[image: ]
[bookmark: _Ref285176264][bookmark: _Toc314225905]Figure 6 Downsampling strategy and processing done on downsampled data streams
[bookmark: _Toc318973703]Data at f0 = 24576 Hz, f1 = 4096 Hz and f2 = 256 Hz
Data packages to be processed, coming from the data streams at f0, f1, and f2, have the same structure. For each of these frequency band channels (m = 0, 1 or 2), the data package contains the components described in Table 5.
[bookmark: _Ref285120289]Table 5 Each processed data package at fm (m=0,1 or 2) contains 6 components
	Processed data package components

	Physical quantity
	Name in the package

	1 DC electric potential
	V

	2 electric field components
	E1

	
	E2 

	3 magnetic field components
	B1

	
	B2

	
	B3


Thus, each package, at fm (m = 0, 1 or 2), contains 6 signals. Processing performed on these data packages are formally all the same and are represented in Figure 7.
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7
 Block diagram of the data processing performed on each package at fm (m=0, 1 or 2)
)


Several kinds of processing are done in parallel for each frequency channel. Three main types of products are thus delivered by the processing unit of the LFR. Each product is delivered with a given period (see Table 6).
[bookmark: _Ref285120318]Table 6 Products computed by the processing unit for the data streams at fm (m=0,1 or 2)
	Reference
	Product
	Period of transmission to ground

	WF
	WaveForm
	TWF

	ASM
	Averaged Spectral Matrix
	TASM

	BP
	Basic Parameter 
	TBP_m      ( depends possibly on  fm )


[bookmark: _Toc278964759]
	[bookmark: OLE_LINK4]REQ-RPW-LFR-2400 At a given sampling frequency f0, f1 or f2, LFR shall compute three products from a given package of 6 digital data streams, referenced as V, E1, E2, B1, B2 and B3: WaveForms (WF), Averaged Spectral Matrices (ASM) and Basic Parameters (BP). The products will be produced with periods of respectively TWF, TASM and TBP. The periods will be set by TC.


[bookmark: _Toc318973704]WaveForm records (WF)
Recording of waveforms will be done on the 6 components of each data package, in two different selectable modes:
· Continuous mode: continuous recording between two times t1_WF et t2_WF 
· Snapshot mode : periodical records of N points with a period of TWF 

	REQ-RPW-LFR-2401 Given a data package of 6 digital streams, at f0, f1 or f2, LFR shall have the ability to record waveforms in two selectable modes, the continuous mode and the snapshot mode


When the continuous mode is set for a channel j with the sampling frequency fj, the snapshot mode is set for the channels i with a sampling frequency fi > fj. If fj = f0 then no snapshot is done. On the contrary if no continuous mode is set, then the snapshot mode is set on the three channels. The number N of points per snapshot and the period of their acquisition TWF do not depend on the sampling frequency. The duration of each snapshot is
tWF_m = N / fm.
The acquisition time intervals shall be centred as shown on Figure 8 when multiple channels are operating in snapshot mode (3 in maximum).
	REQ-RPW-LFR-2402 All data package of 6 digital components in snapshot mode shall have their acquisition time intervals centred.
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[bookmark: _Toc278964760]
[bookmark: _Toc318973705]Averaged Spectral Matrix (ASM)
For the channels whose snapshot mode is activated, FFTs on NFFT = 256 points are computed continuously on the magnetic and electric components (5 components per package: B1, B2, B3, E1 and E2 at fm). The FFTs are performed every NFFT points, without overlap or spacing. Before processing, the data will be multiplied by a Hann window.

FFT definition:		


Pulsation samples:				with 
	REQ-RPW-LFR2403 Given a data package of 6 digital components at fi, with i = 0, 1 or 2. If the data package at fi is in snapshot mode, LFR shall continuously compute FFTs without overlap or spacing with a resolution of 256 points on the components E1, E2, B1, B2 and B3 of the package.

	REQ-RPW-LFR2404 Previously to FFT calculations, the data shall be multiplied by a Hann window W(n) = sin2(πn / N-1 )


5  5 spectral matrices are computed from the FFTs, for each pulsation samples as defined in the above formula:


	REQ-RPW-LFR2405 LFR shall continuously compute Spectral Matrices using the FFTs performed on E1, E2, B1, B2 and B3





From these spectral matrices, two types of products are calculated before transmission to ground:
· Averaged Spectral Matrices (ASMs)
· Basic Parameters (BPs)
The spectral matrices (SMs) are continuously averaged on NSM_m successive matrices. Basic parameters (BPs) are computed from these averaged matrices (ASMs) and sent to the ground with a period of TBP_m. The frequency of the ASM calculation is then the same as the one of the BP calculation. But only some of the ASMs are sent to the ground with a period TASM > TBP_m.
	REQ-RPW-LFR-2406 LFR shall continuously average NSM_m consecutive Spectral Matrices (SM) to build Average Spectral Matrices (ASM) products.



	REQ-RPW-LFR-2407 Among 128 available frequency bins (f=0 is not considered) for each ASM, only a range depending on the frequency channel will be transmitted to ground and used for the computation of the Basic Parameters:
· ASM_f0[17:104], i.e. 88 bins
· ASM_f1[6:109], i.e. 104 bins
· ASM_f2[7:102], i.e. 96 bins


For the computation of the basic parameters, ASMs will be previously compressed either by an average over N consecutive frequencies (if possible with a mask), either by the extraction of one frequency from every N bins. In NORMAL mode, N=8 for each frequency channel, in BURST, SBM1 and SBM2, N=4 for each frequency channel.
	REQ-RPW-LFR-2408 ASM products will be compressed onboard LFR either by an average over N consecutive frequencies (if possible with a mask), either by the extraction of one frequency from each group of N bins:
· In NORMAL mode, N=8 for each frequency channel
· In BURST, SBM1 and SBM2 modes, N=4 for each frequency channel
The resulting product is referenced as ASM_C and will be used to compute the Basic Parameters


The compression algorithm for the ASMs is presented in appendix B.
[bookmark: _Toc318973706]Basic Parameters (BP)
The Basic Parameters are computed by the Leon3 processor onboard the FPGA using the compressed Averaged Spectral Matrices ASM_C presented above.
	REQ-RPW-LFR-2409 LFR shall be able to compute two sets of Basic Parameters from compressed Averaged Spectral Matrices (ASM_C) with periods of TBP1_m and TBP2_m respectively. 
TBP2_m shall be an entire multiple of TBP1_m

	REQ-RPW-LFR-2410 When an ASM is transmitted to ground, it shall be the one used to compute the Basic Parameters.


The following two sets of BPs have been considered:
· BP1 set: Power spectrum of the magnetic field
· BP1 set: Power spectrum of the electric field
· BP1 set: Normal wave vector (from B)
· BP1 set: Wave ellipticity estimator (from B)
· BP1 set: Wave degree of polarization (from B)
· BP1 set: z-component of the normalized Poynting vector
· BP1 set: Phase velocity estimator 
· BP2 set: Autocorrelations and normalized cross correlations
	REQ-RPW-LFR-2411 LFR shall be able to compute the power spectrum density of the magnetic field (BP1 set) with the following formula
PB = S11 + S22 + S33
Product: PSD B coded on 16 bits (12, binary logarithmic compression 5 bits MSB, 7 bits mantissa)
Float coded on 16 bits, 1 bit for the sign, 2 bits for the exponent, 13 bits for the significand

	REQ-RPW-LFR-2412 LFR shall be able to compute the power spectrum density of the electric field (BP1 set) with the following formula
PE = S44 x k44 + S55 x k55 + Re[ S45 x k45 ]
k44, k55, are real coefficients
k45 possibly complex
Product: PSD E coded on 16 bits (12, binary logarithmic compression 5 bits MSB, 7 bits mantissa)

	REQ-RPW-LFR-2413 LFR shall be able to compute the normal wave vector (BP1 set) with the following formula [TBC]

 => 8 bits

 => 8 bits

 => not transmitted

=> 1 bit
Product: Normal Wave Vector coded on 17 bits

	REQ-RPW-LFR-2414 LFR shall be able to compute the ellipticity (BP1 set) with the following formula [TBC]


Product: Ellipticity coded on 4 bits

	REQ-RPW-LFR-2415 LFR shall be able to compute the degree of polarization (BP1 set) with the following formula [TBC]


Product: Degree of Polarization coded on 3 bits

	REQ-RPW-LFR-2416 LFR shall be able to compute the z-component of the normalized Poynting flux (BP1 set) with the following formula [TBC]


k34, k14, k15, k24, k25 are complex
Product: Normalized Poynting Flux coded on 7 bits + 1bit for the Arg.

	REQ-RPW-LFR-2417 LFR shall be able to compute the phase velocity estimator (BP1 set) with the following formula [TBC]


k13bis and other coefficients are complex

Product: Phase speed coded on 8 bits (7+1 bits)

	REQ-RPW-LFR-2418 LFR shall be able to compute the autocorrelations and normalized cross correlations (BP2 set). Each non diagonal value of the ASM shall be divided by its norm and coded on 8 bits




Products: Autocorrelation coded on 16 bits, cross correlation real part coded on 8 bits and cross correlation imaginary part coded on 8 bits


Let us call TBP1_m and TBP2_m the period of calculation and transmission of the BP1 and BP2 sets, respectively. The BP2 calculation period shall be an entire multiple of TBP1_m. The BP2s are thus computed at the same time than BP1s but just less often. There is therefore a unique BP calculation period TBP_m = TBP1_m. 

	Reference
	Product
	Period of transmission to ground

	BP
	Basic Parameter set 1
Basic Parameter set 2
	TBP1_m      ( = TBP_m )
TBP2_m      ( =  k  TBP1_m )


[bookmark: _Toc318973707]Default processing scenario
The number of spectral matrices to average, NSM_m, depends on the sampling frequency fm and on the period at which the BPs are computed, TBP_m. If we note FSM_m the number of SMs to perform per second, we have 
NSM_m = FSM_m  TBP_m.
The frequency FSM_m is entirely fixed by the sampling frequency fm and the number of points of the FFT, NFFT, which is fixed in FR and equal to 256:
FSM_m = fm / NFF T.
The figure below illustrates this point:
 (
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The default processing scenario is based on a fixed period of 4s for the computation of the basic parameters, whatever the frequency channel and whatever the mode. With a rhythm of 1 BP computation each 4s, the different numbers are the following:

	Channel
m
	Frequency
fm
	Nb SM/s
FSM_m
	BP Period
TBP_m
	=>
	Nb SM per ASM/BP
NSM_m

	0
	24576 Hz
	96 / s
	4 s
	
	384

	1
	4096 Hz
	16 / s
	4 s
	
	64

	2
	256 Hz
	1 / s
	4 s
	
	4


For instance, the time series of the corresponding ASMs and BPs are represented on Figure 9.
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In the example above, for the sake of simplicity and to save telemetry, the period 

The ASMs transmitted to ground shall be the one used to compute the BPs.
[bookmark: _Toc318973708]Alternative processing scenarios
In the example above, for the sake of simplicity and to save telemetry, the period of production of the BPs, TBP_m, is chosen identical for the three frequency band channels. With this strategy, we will have better statistical information on high frequency channels and save computing power. The choice of 4 seconds is driven by the need of a minimum statistics for the lowest frequency channel (average of 4 spectral matrices) without much degrading the temporal resolution.
The previous example will be used as a baseline for the development. If more sophisticated strategies can be implemented, the following examples may be considered.
	REQ-RPW-LFR-2420 As a baseline, LFR will implement an ASM/BP calculation strategy where the period of production of ASM/BP products will be the same for each sub sampled data streams and equal to 4 seconds.


If one wishes to have the same statistical information for each channel, one can choose different periods of BP computation. The most demanding configuration in terms of telemetry and computing power would be the one proposed in Table 7.
[bookmark: _Ref306094516][bookmark: _Ref285177274]Table 7 Example of a consuming computing power strategy for the BP computation
	Channel
m
	Frequency
fm
	Nb SM/s
FSM_m
	Nb SM per ASM/BP
NSM_m
	=>
	BP Period
TBP_m

	0
	24576 Hz
	96 / s
	8
	
	1/12 s

	1
	4096 Hz
	16 / s
	8
	
	1/2 s

	2
	256 Hz
	1 / s
	8
	
	8 s


LFR team will try to add some flexibility to the system, i.e. use a strategy where we can choose the number of SMs to perform for each ASM, NSM_m (expressed as a power of 2), not necessarily the same for each frequency channel. Each NSM_m will then determine the periods TBP_m for the BP computation. For example, an intermediate case is presented in Table 8and on Figure 10.
[bookmark: _Ref285177466][bookmark: _Ref285177395]Table 8 Another example of processing strategy where is NSM_m  chosen first and then determines TBP_m
	Channel
m
	Frequency
fm
	Nb SM/s
FSM_m
	Nb SM per ASM/BP
NSM_m
	=>
	BP Period
TBP_m

	0
	24576 Hz
	96 / s
	32
	
	1/3 s

	1
	4096 Hz
	16 / s
	16
	
	1 s

	2
	256 Hz
	1 / s
	8
	
	8 s
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Figure 
10
 Example of a strategy for the processing
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As in the WF snapshot mode, the period of the ASM transmission, TASM, does not depend on the sampling frequency fm. Similarly, when multiple frequency channels are in snapshot mode (3 as a maximum), and when the periods of the BP production are not the same as above (TBP_2 > TBP_1 > TBP_0), the time intervals selected to transmit the ASMs are chosen centred (see next Figure for details).


[image: ]
[bookmark: _Toc278964764][bookmark: _Toc318973709]16 Hz data
The data package to be processed, coming from the data streams at f3, is described in Table 9.
[bookmark: _Ref311196866]Table 9 The processed data package at f3 contains 6 components.
	Processed data package components

	Physical quantity
	Name in the package

	1 DC electric potential
	V

	2 electric field components
	E1

	
	E2 

	magnetic field components
(depending on the mode)
	B1

	
	B2

	
	B3


The processing simply consists in the continuous transmission of all the WF components to ground.
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N.B.: The decision to transmit the magnetic component will depend on the chosen mode.
	REQ-RPW-LFR-2421 LFR shall transmit all the components of the 16 Hz data package without further processing.



[bookmark: _Toc318973710]
Equipment Requirements
[bookmark: _Toc318973711]Functional Requirements
Performance requirements are written in section 2 and are not specifically written in this section.
[bookmark: _Toc318973712]Performance Requirements
Performance requirements are in the text of the document and are not specifically written in this section.
[bookmark: _Toc318973713]Operational Requirements
[bookmark: _Ref285176483][bookmark: _Ref285176499][bookmark: _Toc318973714]Functioning Modes
As stated in the RPW System Software Specification (AD1), RPW will run either in the SAFE or in the OPERATIONAL mode. In the OPERATIONAL mode, the RPW system will be either in the SERVICE or in the SCIENCE mode. LFR shall manage the two following modes: STANDBY and SCIENCE.
	REQ-RPW-LFR-3300 LFR shall manage two modes: STANDBY and SCIENCE

	REQ-RPW-LFR-3301 When in STANDBY mode, LFR does not perform any scientific measurements


When in the SCIENCE mode, the LFR will manage the following sub-modes:
· NORMAL: low cadence mode basically run all the time along the orbit
· BURST: high cadence mode.
· SBM1: high cadence mode for the interplanetary shocks measurements.
· SBM2: high cadence mode for in-situ type III measurements.
[bookmark: _Ref306105853]Table 10 LFR Modes and Sub-modes
	STANDBY
	SCIENCE

	
	NORMAL
	BURST
	SBM1
	SBM2



The LFR modes, as summarized in Table 10 will be steered by the DPU and will lead to different data flows sent by the LFR to the DPU. The matching between the DPU scientific modes and the LFR modes is given below (see AD1 for details):
	REQ-RPW-LFR-3302 When in SCIENCE mode, LFR shall manage the following sub-modes, selected by TC: NORMAL, BURST, SBM1 and SBM2


Table 11 DPU modes against LFR modes
	RPW Scientific Modes
	RPW Scientific Sub-Modes
	LFR Modes

	SURVEY
	SURVEY_NORMAL
	NORMAL

	
	SURVEY_BURST
	BURST

	
	SURVEY_NORMAL_C
	NORMAL

	
	SURVEY_BURST_C
	BURST

	DETECTION
	SBM_DETECTION
	SBM1

	
	SBM1_DUMP
	SBM1

	
	SBM2_ACQUISITION
	SBM2

	
	SBM_DETECTION_C
	SBM1

	
	SBM1_DUMP_C
	SBM1

	
	SBM2_ACQUISITION_C
	SBM2



Generally speaking, the RPW system will have capability to run into basically three different types of modes. The SURVEY_NORMAL mode is a low cadence mode that will basically run all the time along the orbit, except during the short periods of time during which the SURVEY_BURST high cadence mode will be operated. In the DETECTION mode, the LFR shall send to the DPU the same data flow as in the SURVEY_NORMAL mode in addition with high cadence data. In this case, the SURVEY_NORMAL data flow is sent continuously to ground and the high cadence data flow is processed by the DPU (storage in a circular buffer, thresholds computations to make the selection of specific events). The DETECTION mode involves that two data flows, one at “normal” (low) cadence, the other one at a higher cadence, are continuously recorded and transmitted to the DPU. 
The signals that are processed by the LFR depend on the configuration (BIAS_WORKS or BIAS_FAILS). In case the LFR is in the BIAS_WORKS configuration, the signals which are processed depend on the selected sub-configuration (STD, SAT, PB1F, PB2F, PB3F). Several examples of processed data are given in Appendix A.
[bookmark: _Toc318973715]SCIENCE_NORMAL Mode
	REQ-RPW-LFR-3303 When in the SCIENCE_NORMAL mode, LFR shall deliver the WF, ASM, and BP outputs as given in Table 12, Table 13 and Table 14 respectively.


[bookmark: _Ref285178092]Table 12 WF outputs for the LFR running in SCIENCE_NORMAL mode
	WF Wave Forms

	Digital Data stream
	SPS
	points
	bits
	period
	WF mode
	bits/s

	V_ f0
	24576 Hz
	2048
	16
	300 sec
	snapshot
	655

	E1_ f0
	
	2048
	16
	300 sec
	
	

	E2_ f0
	
	2048
	16
	300 sec
	
	

	B1_ f0
	
	2048
	16
	300 sec
	
	

	B2_ f0
	
	2048
	16
	300 sec
	
	

	B3_ f0
	
	2048
	16
	300 sec
	
	

	V_ f1
	4096 Hz
	2048
	16
	300 sec
	snapshot
	655

	E1_ f1
	
	2048
	16
	300 sec
	
	

	E2_ f1
	
	2048
	16
	300 sec
	
	

	B1_ f1
	
	2048
	16
	300 sec
	
	

	B2_ f1
	
	2048
	16
	300 sec
	
	

	B3_ f1
	
	2048
	16
	300 sec
	
	

	V_ f2
	256 Hz
	2048
	16
	300 sec
	snapshot
	655

	E1_ f2
	
	2048
	16
	300 sec
	
	

	E2_ f2
	
	2048
	16
	300 sec
	
	

	B1_ f2
	
	2048
	16
	300 sec
	
	

	B2_ f2
	
	2048
	16
	300 sec
	
	

	B3_ f2
	
	2048
	16
	300 sec
	
	

	V_ f3
	16 Hz
	1
	16
	1/16 sec
	continuous
	768

	E1_ f3
	
	1
	16
	1/16 sec
	
	

	E2_ f3
	
	1
	16
	1/16 sec
	
	

	B1_ f3
	
	1
	16
	1/16 sec
	continuous
(optional)
	768

	B2_ f3
	
	1
	16
	1/16 sec
	
	

	B3_ f3
	
	1
	16
	1/16 sec
	
	

	The content of V, E1 and E2 depends on the configuration parameters set {BW, SP0, SP1, R0, R1}


[bookmark: _Ref285178096]Table 13 ASM outputs for the LFR running in SCIENCE_NORMAL mode
	ASM Averaged Spectral Matrices

	Quantity
	SPS
	number of components
	bins
	bits
	period
	bits/s

	full ASM diagonal
	24576 Hz
	5
	88
	16
	1 hour
	10,67

	full ASM non diagonal Re
	
	10
	88
	16
	1 hour
	

	full ASM non diagonal Im
	
	10
	88
	16
	1 hour
	

	full ASM diagonal
	4096 Hz
	5
	104
	16
	1 hour
	10,67

	full ASM non diagonal Re
	
	10
	104
	16
	1 hour
	

	full ASM non diagonal Im
	
	10
	104
	16
	1 hour
	

	full ASM diagonal
	256 Hz
	5
	96
	16
	1 hour
	10,67

	full ASM non diagonal Re
	
	10
	96
	16
	1 hour
	

	full ASM non diagonal Im
	
	10
	96
	16
	1 hour
	


[bookmark: _Ref285178098]Table 14 BP outputs for the LFR running in SCIENCE_NORMAL mode
	BP Basic Parameters

	Quantity
	SPS
	number of components
	bins
	bits
	period
	bits/s

	spectral power of E field
	24576 Hz
	1
	11
	16
	4 sec
	216

	spectral power of B field
	
	1
	11
	16
	
	

	wave normal vector
	
	3
	11
	5,67
	
	

	wave ellipticity
	
	1
	11
	4
	
	

	degree of polarization
	
	1
	11
	3
	
	

	normalized z-Poynting flux
	
	1
	11
	8
	
	

	phase speed
	
	1
	11
	8
	
	

	autovariances 
	
	5
	11
	16
	20 sec
	144

	cross correlations Re
	
	10
	11
	8
	
	

	cross correlations Im
	
	10
	11
	8
	
	

	spectral power of E field
	4096 Hz
	1
	13
	16
	4 sec
	216

	spectral power of B field
	
	1
	13
	16
	
	

	wave normal vector
	
	3
	13
	5,67
	
	

	wave ellipticity
	
	1
	13
	4
	
	

	degree of polarisation
	
	1
	13
	3
	
	

	normalized z-Poynting flux
	
	1
	13
	8
	
	

	phase speed
	
	1
	13
	8
	
	

	autovariances 
	
	5
	13
	16
	20 sec
	144

	cross correlations Re
	
	10
	13
	8
	
	

	cross correlations Im
	
	10
	13
	8
	
	

	spectral power of E field
	256 Hz
	1
	12
	16
	4 sec
	216

	spectral power of B field
	
	1
	12
	16
	
	

	wave normal vector
	
	3
	12
	5,67
	
	

	wave ellipticity
	
	1
	12
	4
	
	

	degree of polarisation
	
	1
	12
	3
	
	

	normalized z-Poynting flux
	
	1
	12
	8
	
	

	phase speed
	
	1
	12
	8
	
	

	autovariances 
	
	5
	12
	16
	20 sec
	144

	cross correlations Re
	
	10
	12
	8
	
	

	cross correlations Im
	
	10
	12
	8
	
	


[bookmark: _Toc318973716]SCIENCE_BURST Mode
	REQ-RPW-LFR-3304 When in the SCIENCE_BURST mode, LFR shall deliver the WF and BP outputs as given in Table 15 and Table 16, respectively.


Unlike the SCIENCE_NORMAL mode, there is no transmission of full ASMs (a SCIENCE_BURST mode lasts typically only ~10 minutes).
[bookmark: _Ref285178153]Table 15 WF outputs for the LFR running in SCIENCE_BURST mode
	WF Wave Forms

	Digital Data stream
	SPS
	points
	bits
	period
	WF mode
	bits/s

	V_ f2
	256 Hz
	1
	16
	1/256 sec
	continuous
	24576

	E1_ f2
	
	1
	16
	1/256 sec
	
	

	E2_ f2 
	
	1
	16
	1/256 sec
	
	

	B1_ f2
	
	1
	16
	1/256 sec
	
	

	B2_ f2
	
	1
	16
	1/256 sec
	
	

	B3_ f2
	
	1
	16
	1/256 sec
	
	

	The content of V, E1 and E2 depends on the configuration parameters set {BW, SP0, SP1, R0, R1}


[bookmark: _Ref285178155]Table 16 BP outputs for the LFR running in SCIENCE_BURST mode
	BP Basic Parameters

	Quantity
	SPS
	number of components
	bins
	bits
	period
	bits/s

	spectral power of E field
	24576 Hz
	1
	22
	16
	1 sec
	1728

	spectral power of B field
	
	1
	22
	16
	1 sec
	

	wave normal vector
	
	3
	22
	5,67
	1 sec
	

	wave ellipticity
	
	1
	22
	4
	1 sec
	

	degree of polarization
	
	1
	22
	3
	1 sec
	

	normalized z-Poynting flux
	
	1
	22
	8
	1 sec
	

	phase speed
	
	1
	22
	8
	1 sec
	

	autovariances 
	
	5
	22
	16
	5 sec
	1152

	cross correlations Re
	
	10
	22
	8
	5 sec
	

	cross correlations Im
	
	10
	22
	8
	5 sec
	

	spectral power of E field
	4096 Hz

	1
	26
	16
	1 sec
	1728

	spectral power of B field
	
	1
	26
	16
	1 sec
	

	wave normal vector
	
	3
	26
	5,67
	1 sec
	

	wave ellipticity
	
	1
	26
	4
	1 sec
	

	degree of polarization
	
	1
	26
	3
	1 sec
	

	normalized z-Poynting flux
	
	1
	26
	8
	1 sec
	

	phase speed
	
	1
	26
	8
	1 sec
	

	autovariances 
	
	5
	26
	16
	5 sec
	1152

	cross correlations Re
	
	10
	26
	8
	5 sec
	

	cross correlations Im
	
	10
	26
	8
	5 sec
	


[bookmark: _Toc318973717]SCIENCE_SBM1 Mode
The SBM1 (Selected Burst Mode 1) LFR mode is used when the DPU is either in the SBM_DETECTION or in the SBM1_DUMP mode. The data rate of the LFR and the choice of the products sent by each analyzer are defined for the SBM_DETECTION sub-mode in a dedicated parameter set which can be changed thanks to telecommands.
	REQ-RPW-LFR-3305 When in SCIENCE_SBM1 mode, the LFR shall send products defined by a dedicated set of parameters which can be changed thanks to telecommands in addition to the products sent in the SCIENCE_NORMAL mode. By default, the SCIENCE_SBM1 data are described in Table 17 and Table 18.


For the LFR running in SCIENCE_SBM1 mode, an example of the WF and BP outputs are given in Table 17 and Table 18, respectively; as in the SCIENCE_BURST mode, there is no transmission of full ASMs (the buffers stores only ~15 minutes of data).
The SCIENCE_SBM1 outputs are thus processed in addition to the SCIENCE_NORMAL mode outputs, as given in Table 12, Table 13 and Table 14. For instance, the continuous transmission to the DPU of the data streams sampled at f1 is required in addition to that sampled at f3. For the high frequency channel (data streams at f0), the same BPs are computed in SCIENCE_NORMAL and SCIENCE_SBM1 modes but not at the same resolution of time and frequency. 
[bookmark: _Ref285178221]Table 17 WF outputs for the LFR running in SCIENCE_SBM1 mode
	WF Wave Forms

	Digital Data stream
	SPS
	points
	bits
	period
	WF mode
	bits/s

	V_ f1
	4096 Hz
	1
	16
	1/4096 sec
	continuous
	393216

	E1_ f1
	
	1
	16
	1/4096 sec
	
	

	E2_ f1
	
	1
	16
	1/4096 sec
	
	

	B1_ f1
	
	1
	16
	1/4096 sec
	
	

	B2_ f1
	
	1
	16
	1/4096 sec
	
	

	B3_ f1
	
	1
	16
	1/4096 sec
	
	

	The content of V, E1 and E2 depends on the configuration parameters set {BW, SP0, SP1, R0, R1}


[bookmark: _Ref285178222]Table 18 BP outputs for the LFR running in SCIENCE_SBM1 mode
	BP Basic Parameters

	Quantity
	SPS
	number of components
	bins
	bits
	period
	bits/s

	spectral power of E field
	24576 Hz

	1
	22
	16
	0.25 sec
	6912

	spectral power of B field
	
	1
	22
	16
	0.25 sec
	

	wave normal vector
	
	3
	22
	5,67
	0.25 sec
	

	wave ellipticity
	
	1
	22
	4
	0.25 sec
	

	degree of polarization
	
	1
	22
	3
	0.25 sec
	

	normalized z-Poynting flux
	
	1
	22
	8
	0.25 sec
	

	phase speed
	
	1
	22
	8
	0.25 sec
	

	autovariances 
	
	5
	22
	16
	1 sec
	5760

	cross correlations Re
	
	10
	22
	8
	1 sec
	

	cross correlations Im
	
	10
	22
	8
	1 sec
	


[bookmark: _Toc318973718]SCIENCE_SBM2 Mode
The SBM2 (Selected Burst Mode 2) LFR mode is used when the DPU is in the SBM2_ACQUISITION mode.
	REQ-RPW-LFR-3306 When in SCIENCE_SBM2 mode, the LFR shall send products defined by a dedicated set of parameters which can be changed thanks to telecommands in addition to the products sent in the SCIENCE_NORMAL mode. By default, the SCIENCE_SBM2 data are described in Table 19 and Table 20.


[bookmark: _Ref306350853]Table 19 WF sent by default by the LFR when in SCIENCE_SBM2 mode
	WF Wave Forms

	Digital Data stream
	SPS
	points
	bits
	period
	WF mode
	bits/s

	V_ f2
	256 Hz
	1
	16
	1/256 sec
	continuous
	24576

	E1_ f2
	
	1
	16
	1/256 sec
	
	

	E2_ f2
	
	1
	16
	1/256 sec
	
	

	B1_ f2
	
	1
	16
	1/256 sec
	
	

	B2_ f2
	
	1
	16
	1/256 sec
	
	

	B3_ f2
	
	1
	16
	1/256 sec
	
	

	The content of V, E1 and E2 depends on the configuration parameters set {BW, SP0, SP1, R0, R1}


[bookmark: _Ref306350857]Table 20 BP sent by default by the LFR when in SCIENCE_SBM2 mode
	BP Basic Parameters

	Quantity
	SPS
	number of components
	bins
	bits
	period
	bits/s

	spectral power of E field
	24576 Hz
	1
	22
	16
	1 sec
	1728

	spectral power of B field
	
	1
	22
	16
	1 sec
	

	wave normal vector
	
	3
	22
	5,67
	1 sec
	

	wave ellipticity
	
	1
	22
	4
	1 sec
	

	degree of polarization
	
	1
	22
	3
	1 sec
	

	normalized z-Poynting flux
	
	1
	22
	8
	1 sec
	

	phase speed
	
	1
	22
	8
	1 sec
	

	autovariances 
	
	5
	22
	16
	5 sec
	1152

	cross correlations Re
	
	10
	22
	8
	5 sec
	

	cross correlations Im
	
	10
	22
	8
	5 sec
	

	spectral power of E field
	4096 Hz

	1
	26
	16
	1 sec
	1728

	spectral power of B field
	
	1
	26
	16
	1 sec
	

	wave normal vector
	
	3
	26
	5,67
	1 sec
	

	wave ellipticity
	
	1
	26
	4
	1 sec
	

	degree of polarization
	
	1
	26
	3
	1 sec
	

	normalized z-Poynting flux
	
	1
	26
	8
	1 sec
	

	phase speed
	
	1
	26
	8
	1 sec
	

	autovariances 
	
	5
	26
	16
	5 sec
	1152

	cross correlations Re
	
	10
	26
	8
	5 sec
	

	cross correlations Im
	
	10
	26
	8
	5 sec
	


[bookmark: _Toc318973719]Coordination with other instruments 
In the BIAS_WORKS configuration, the LFR and the BIAS Unit shall be steered in the appropriate sub-configuration by the DPU. This implies an appropriate routing of the signals by the BIAS Unit and a data stamp written by the LFR in the data packages to identify the sub-configurations.
In case the BIAS Unit fails, the LFR shall be steered in the BIAS_FAILS configuration by the DPU and an appropriate data stamp shall be written in the data packages by the LFR.
The measurements of the 3 analyzers of RPW (LFR, TNR-HFR and TDS) shall be synchronized. At the level of each analyzer, the mode transition is commanded by the DPU software: a mode transition corresponds to the activation by the analyzer of the set of configuration parameters corresponding to the mode. There are two distinct commands for the synchronization:
· One for changing the set of configuration parameters corresponding to the mode to be activated. A set of parameters that is in use cannot be changed.
· Another for triggering the mode transition, i.e. for activating the mode.
This second command corresponds to the triggering of the mode itself. This command which is sent by the DPU Software to the analyzers contains a time parameter indicating to the analyzers when the command has to be executed. This time parameter will always correspond to the occurrence of the SpaceWire time-code in order to minimize as possible the jitter.

[image: ]
[bookmark: _Toc314225910]Figure 11 Inter-analyzer synchronization process (AD1)
	REQ-RPW-LFR-3307 The LFR shall implement a synchronisation process in two steps upon reception of the appropriate TCs:
1. The first TC will give to the LFR the parameter set corresponding to the mode to trigger
2. The second TC will activate the mode at the SpaceWire time-code given in the TC


[bookmark: _Toc318973720][bookmark: _Toc131411624][bookmark: _Toc179800549]Data Handling Requirements
[bookmark: _Ref285114439][bookmark: _Toc318973721]Telecommands
	REQ-RPW-LFR3400 LFR shall receive from the DPU the commands to set its configuration and its functioning mode. At the current time, the identified commands are listed in Table 21.


[bookmark: _Ref285114444]Table 21 LFR TC Packets
	TC Name
	Description
	PID
	Type
	Subtype

	TC_LFR_RESET
	Reset LFR
	2
	TBC
	

	TC_LFR_LOAD_COMMON_PARAMETERS
	Load the LFR common parameters
	2
	TBC
	

	TC_LFR_LOAD_NORMAL_PARAMETERS
	Load the LFR normal mode parameters
	2
	TBC
	

	TC_LFR_LOAD_BURST_PARAMETERS
	Load the LFR burst mode parameters
	2
	TBC
	

	TC_LFR_LOAD_SBM1_PARAMETERS
	Load the LFR SBM1 mode parameters
	2
	TBC
	

	TC_LFR_LOAD_SBM2_PARAMETERS
	Load the LFR SBM2 mode parameters
	2
	TBC
	

	TC_LFR_DUMP_COMMON_PARAMETERS
	Dump the LFR common parameters
	2
	TBC
	

	TC_LFR_DUMP_NORMAL_PARAMETERS
	Dump the LFR normal mode parameters
	2
	TBC
	

	TC_LFR_DUMP_BURST_PARAMETERS
	Dump the LFR burst mode parameters
	2
	TBC
	

	TC_LFR_DUMP_SBM1_PARAMETERS
	Dump the LFR SBM1 mode parameters
	2
	TBC
	

	TC_LFR_DUMP_SBM2_PARAMETERS
	Dump the LFR SBM2 mode parameters
	2
	TBC
	

	TC_LFR_ENTER_MODE
	Activate an LFR mode (standby, normal, burst, SBM1, SBM2)
	2
	TBC
	


[bookmark: _Toc318973722]Telemetry
	REQ-RPW-LFR-3401 The LFR shall have the ability to compute and transmit the science telemetry products as specified in Table 22.


Science telemetry products are listed in Table 22.
[bookmark: _Ref285178341]Table 22 Science telemetry products
	Name
	Type

	Resolution 
(bit)
	Description

	V_f0
	waveform 
	16
	Electric potential sampled at f0 = 24576 Hz

	E1_f0
	waveform
	16
	Electric field component sampled at f0

	E2_f0
	waveform
	16
	Electric field component sampled at f0

	B1_f0
	waveform
	16
	Magnetic field component sampled at f0

	B2_f0
	waveform
	16
	Magnetic field component sampled at f0

	B3_f0
	waveform
	16
	Magnetic field component sampled at f0

	V_f1
	waveform 
	16
	Electric potential sampled at f1 = 4096 Hz

	E1_f1
	waveform
	16
	Electric field component sampled at f1

	E2_f1
	waveform
	16
	Electric field component sampled at f1

	B1_f1
	waveform
	16
	Magnetic field component sampled at f1

	B2_f1
	waveform
	16
	Magnetic field component sampled at f1

	B3_f1
	waveform
	16
	Magnetic field component sampled at f1

	V_f2
	waveform 
	16
	Electric potential sampled at f2 = 256 Hz

	E1_f2
	waveform
	16
	Electric field component sampled at f2

	E2_f2
	waveform
	16
	Electric field component sampled at f2

	B1_f2
	waveform
	16
	Magnetic field component sampled at f2

	B2_f2
	waveform
	16
	Magnetic field component sampled at f2

	B3_f2
	waveform
	16
	Magnetic field component sampled at f2

	V_f3
	waveform 
	16
	Electric potential sampled at f3 = 16 Hz

	E1_f3
	waveform
	16
	Electric field component sampled at f3

	E2_f3
	waveform
	16
	Electric field component sampled at f3

	B1_f3
	waveform
	16
	Magnetic field component sampled at f3

	B2_f3
	waveform
	16
	Magnetic field component sampled at f3

	B3_f3
	waveform
	16
	Magnetic field component sampled at f3

	ASM_f0
	spectral matrix
	88  (25  16)
	Full 55 averaged spectral matrix from the EM data stream (2E+3B) at f0 ; 96 bins

	ASM_f1
	spectral matrix
	104  (25  16)
	Full 55 averaged spectral matrix from the EM data stream (2E+3B) at f1 ; 96 bins

	ASM_f2
	spectral matrix
	96  (25  16)
	Full 55 averaged spectral matrix from the EM data stream (2E+3B) at f2 ; 96 bins

	PE_f0
	basic parameter 1
	11  (1  16)
22  (1  16)
	Spectral power of E field from the electric data stream (2E) at f0 ; 11 or 22 bins

	PB_f0
	basic parameter 1
	11 or 
22  (1  16)
	Spectral power of B field from the magnetic data stream (3B) at f0 ; 11 or 22 bins

	nvec_f0
	basic parameter 1
	11 or 
22  (8+8+1)
	Wave normal vector from the magnetic data stream (3B) at f0 ; 11 or 22 bins

	ellip_f0
	basic parameter 1
	11 or 22  4
	Wave ellipticity from the magnetic data stream (3B) at f0 ; 11 or 22 bins

	dop_f0
	basic parameter 1
	11 or 22  3
	Degree of polarization from the magnetic data stream (3B) at f0 ; 11 or 22 bins

	Sz_f0
	basic parameter 1
	11 or 22  8
	Normalized z-Poynting flux from the EM data stream (2E +3B) at f0 ; 11 or 22 bins

	Vphi_f0
	basic parameter 1
	11 or 22  8
	Phase speed from the EM data stream (2E +3B) at f0 ; 11 or 22 bins

	auto_f0
	basic parameter 2
	11  (5  16) 
22  (5  16)
	5 autovariances from the EM data stream (2E +3B) at f0 ; 11 or 22 bins

	cross_f0
	basic parameter 2
	11  (20  8) 
22  (20  8)
	10 complex cross correlations from the EM data stream (2E +3B) at f0 ; 11 or 22 bins 

	PE_f1
	basic parameter 1
	13  (1  16)
26  (1  16)
	Spectral power of E field from the electric data stream (2E) at f1 ; 13 or 26 bins

	PB_f1
	basic parameter 1
	13  (1  16)
26  (1  16)
	Spectral power of B field from the magnetic data stream (3B) at f1 ; 13 or 26 bins

	nvec_f1
	basic parameter 1
	13  (8+8+1) 
26  (8+8+1)
	Wave normal vector from the magnetic data stream (3B) at f1 ; 13 or 26 bins

	ellip_f1
	basic parameter 1
	13 or 26  4
	Wave ellipticity from the magnetic data stream (3B) at f1 ; 13 or 26 bins

	dop_f1
	basic parameter 1
	13 or 26  3
	Degree of polarization from the magnetic data stream (3B) at f1 ; 13 or 26 bins

	Sz_f1
	basic parameter 1
	13 or 26  8
	Normalized z-Poynting flux from the EM data stream (2E +3B) at f1 ; 13 or 26 bins

	Vphi_f1
	basic parameter 1
	13 or 26  8
	Phase speed from the EM data stream (2E +3B) at f1 ; 13 or 26 bins

	auto_f1
	basic parameter 2
	13  (5  16)
26  (5  16)
	5 autovariances from the EM data stream (2E +3B) at f1 ; 13 or 26 bins

	cross_f1
	basic parameter 2
	13  (20  8)
26  (20  8)
	10 complex cross correlations from the EM data stream (2E +3B) at f1 ; 13 or 26 bins 

	PE_f2
	basic parameter 1
	12  (1  16)
	Spectral power of E field from the electric data stream (2E) at f2 ; 12 bins

	PB_f2
	basic parameter 1
	12  (1  16)
	Spectral power of B field from the magnetic data stream (3B) at f2 ; 12 bins

	nvec_f2
	basic parameter 1
	12  (8+8+1)
	Wave normal vector from the magnetic data stream (3B) at f2 ; 12 bins

	ellip_f2
	basic parameter 1
	12  4
	Wave ellipticity from the magnetic data stream (3B) at f2 ; 12 bins

	dop_f2
	basic parameter 1
	12  3
	Degree of polarization from the magnetic data stream (3B) at f2 ; 12 bins

	Sz_f2
	basic parameter 1
	12  8
	Normalized z-Poynting flux from the EM data stream (2E +3B) at f2 ; 12 bins

	Vphi_f2
	basic parameter 1
	12  8
	Phase speed from the EM data stream (2E +3B) at f2 ; 12 bins

	auto_f2
	basic parameter 2
	12  (5  16)
	5 autovariances from the EM data stream (2E +3B) at f2 ; 12 bins

	cross_f2
	basic parameter 2
	12  (20  8)
	10 complex cross correlations from the EM data stream (2E +3B) at f2 ; 12 bins 

	The content of V, E1 and E2 depends on the configuration parameters set {BW, SP0, SP1, R0, R1}


[bookmark: _Toc318973723]Monitoring and Housekeeping
LFR will periodically transmit a housekeeping SpaceWire packet, containing information on the instrument status. The following products are housekeeping information that should be sent to DPU periodically or on request. The housekeeping packets are further described in the LFR Software Requirements Specification (RPW-MEB-LFR-SRS-00020).
	REQ-RPW-LFR-3402 LFR shall provide HK and status as soon as it is activated (including in the STANDBY mode).


[bookmark: _Toc318973724]Time Distribution
LFR will maintain a real time clock synchronized with other RPW subsystems through SpaceWire. Each waveform snapshot, spectrum or other science output will be time tagged using this clock. The RPW clock must be synchronized according to a periodic broadcast signal from the DPU. Discrepancy between LFR and DPU clock should be smaller than 20 microseconds at all times. The time distribution mechanism is further described in the LFR Software Requirements Specification (RPW-MEB-LFR-SRS-00020).
	REQ-RPW-LFR-3403 The telemetry data from the MEB subunits shall be time tagged with a resolution better than 1 s.
REQ-RPW-MEB-0542

	REQ-RPW-LFR-3404 The LFR shall collect the shared status/HK packets distributed by the DPU at regular time intervals.

	REQ-RPW-LFR-3405 The LFR shall extract the relevant parameters from the shared status/HK packets for inserting them into their TM. In particular, the LFR shall systematically reflect the BIAS unit outputs configuration into their TM.

	REQ-RPW-LFR-3406 The LFR shall adapt its on-board processing in accordance with the working mode of the BIAS unit (outputs configuration) appearing into the shared Status/HK packets.



[bookmark: _Toc318973725]
 General Interfaces Requirements
[bookmark: _Toc179800550][bookmark: _Toc318973726][bookmark: _Toc131411625]Instrument Identification and Labelling
From the RPW system point of view, all equipments will be identified as a set of units with an allocated serial number for each sub-assembly. This number will be used as the tracking number for all testing and reports. The various parts of each unit (PCBs, mechanical structure…) shall be identified by their part or assembly number.
	REQ-RPW-LFR-4100 Each LFR unit shall be identified by an adequate identification label containing the LFR identification code and the instrument model: STM, EM, QM, FM, and FS.

	REQ-RPW-LFR-4101 LFR identification code shall be composed of the following parts: 
· 3 characters for instrument identification: RPW 
· 3 characters for sub-units identification: e.g. LFR 
· 2 characters for model identification: 
· ST for Structural Thermal Model 
· EM for Engineering Model 
· QM for Qualification Model 
· FM for Flight Model 
· FS for Flight Spare Model

	REQ-RPW-LFR-4102 Each connector and interconnecting harness shall also be identified by a visible label.


[bookmark: _Toc318973727]Design Requirements
[bookmark: _Toc318973728]Lifetime and Maintainability
The equipment shall be designed with sufficient margins to allow an extended phase of the mission. As described in the EID-A and EID-B [RD1 and RD2]:
· The shelf-life time shall be compatible with a launch delay of 2 years from the nominal launch date.
· The overall lifetime shall be compatible with the nominal mission duration of 9 years in space.
· An extended operational lifetime of 2 years beyond the nominal mission life is desirable.
	REQ-RPW-LFR-4200 LFR lifetime shall be compatible with the following rules
=> The shelf-lifetime shall be compatible with a launch delay of 2 years from the nominal launch date
=> The overall lifetime shall be compatible with the nominal mission duration of 9 years in space
=> An extended operational lifetime of 2 years beyond the nominal mission life is desirable


As defined in EID-B, the equipment shall be designed to require a minimum of special tools and test equipment to maintain calibration, perform adjustment and accomplish fault identification.
[bookmark: _Toc318973729]Fault Tolerance
The equipment must be designed towards the fulfilment of the maximum reliability of RPW in the nominal condition. This shall be ensured by engineering practices and redundancy, when necessary.
The general guidelines for the design from the reliability standpoint are:
· To avoid propagation of failure outside and inside the RPW experiment by a single fault.
· To avoid complete loss of the RPW experiment by a single fault.
· To have a low probability of major degradation of the RPW experiment by a single fault.
Within the limit of the allocated resources, the equipment shall apply the fault tolerance rules. For electrical items, both the FMECA and comparative reliability assessments will enable the decision on which parts are critical. Therefore, in order to prevent single point failures:
· Components shall be selected in the ESA and/or NASA QPL.
· The critical parts shall be design with sufficient margins.
	REQ-RPW-LFR-4201 LFR parts shall be selected in the ESA and/or NASA QPL

	REQ-RPW-LFR-4202 The critical parts of LFR shall be designed with the margins defined in [TBD]

	REQ-RPW-LFR-4208 As well as the DPU, analyzers supporting on-board S/W shall implement EDAC and checksums to verify integrity of the working memories contents.


[bookmark: _Toc318973730]Safety Concept
	REQ-RPW-LFR-4203 LFR shall be designed with respect to the safety philosophy defined in the RPW EID-B [RD2].

	REQ-RPW-LFR-4204 The LFR shall enter in Safe mode in the event of a failure and TM records of the fault are to be transferred to the DPU.


[bookmark: _Toc318973731]Radiation Tolerances
The equipment must be designed to withstand the effects of varying flux of high-energy particles encountered during the mission lifetime as reported in EID-A [RD1]. In order to prevent any failure propagation to the S/C and other RPW units, all interfaces shall be designed with RAD HARD QMLV components.

Note: Radiation requirements related to TID, SEU and SEL are detailed in the RPW EID-B and Solar-Orbiter EID-A [RD1 and RD2].

	REQ-RPW-LFR-4205 In terms of radiation hardness (TID, SEU and SEL), the LFR design shall be in accordance with respect to the RPW EID-B (RD1) and the Solar Orbiter EID-A (RD2).

	REQ-RPW-LFR-4206 All LFR interfaces shall be designed with RAD HARD QML-V components.

	REQ-RPW-LFR-4207 Devices which are not currently available as RAD HARD, shall be characterized for radiation tolerance before incorporation into subunits design.


[bookmark: _Toc179800557][bookmark: _Toc318973732][bookmark: _Toc179800559][bookmark: _Toc131411627]Mechanical Specification
The MEB provides a mechanical structure for housing the electronics. LFR is accommodated into the MEB chassis by the means of an independent frame as described below.
[bookmark: _Toc318973733]Structural Design
Frame Design
The frame is made of aluminium alloy (e.g. AA6061 or 7075) with external coating. It ensures the mechanical and thermal interfaces to the PCB and assures the requested stiffness.
The frame provides a surface of 160x240 mm2 and a thickness of 22.5 mm for housing the PCB. This includes the usable area for electronics and the fixation area for the mechanical mounting.
[image: ]
[bookmark: _Toc314225911]Figure 12: MEB mechanical concept.

The frame definition (see Figure 13 for details), design and provision are under the LESIA responsibility (see AD6 for details).
[image: ]
[bookmark: _Ref313956391][bookmark: _Toc314225912]Figure 13 Frame dimensions and mounting concept (AD6)
PCB Format
All PCBs housed in the MEB shall have common surface of 158x238 mm2. The slot size allocated to LFR is 22.5 mm (15 mm of free space on the top of the board and 5 mm on the bottom of the board).
The PCB outer shape and clearance area of the LFR depends on the structural frame supporting the PCBs. Nevertheless, LFR responsible shall control and validate the External Configuration Drawings that will be provided by LEASIA.
	REQ-RPW-LFR-4300 LFR mechanical design shall be in accordance with the LFR MICD as provided by LESIA (AD6).


[image: ]
[bookmark: _Ref306370604][bookmark: _Ref306370600][bookmark: _Toc314225913]Figure 14 LFR board shape
Fixation connectors locations will be detailed into the LFR dedicated MICD.

	REQ-RPW-LFR-4301 The LFR size shall be in accordance with Figure 14 and with the PCB Implantation specified in (AD2), § 5.3.1.3.

	REQ-RPW-LFR-4302 The LFR populated board shall fit in a slot of 22.5mm, with a free space of 15mm above the board and 4mm below the board.


Fixation Holes and Connectors Location
The PCB shall be mounted on the frame structure by the mean of TDB screws, accordingly to the following parameters:
	Parameters
	Values

	Attachment bolts size
	M2.5x6

	Bolts material
	Titanium or stainless steel

	Washers dimensions
	External diameter 5 mm
Thickness 0.5 mm

	Attachment holes diameters
	2.7 (-0.0 + 0.1) mm

	Distance between attachment holes
	30 mm MAX [TBC]


The numbers of fixation holes and their exact location will be defined in the PCB External Configuration Drawings.
LFR shall accommodate footprints, for connectors wiring on the PCB, in accordance with the PCB External Configuration Drawings.
	REQ-RPW-LFR-4304 The LFR PCB shall be mounted to the MEB frames by the mean of TBD M2.5x6 screws.

	REQ-RPW-LFR-4305 The LFR PCB shall be bolted to the MEB frames through threaded inserts with interface bolts clearances. Holes size shall be of 2.7 (-0.0, +0.1) mm and their position defined with an accuracy better than 0.1mm.

	REQ-RPW-LFR-4306 PCB attachment points shall permit accessibility to the bolts with standard tools.

	REQ-RPW-LFR-4307 The surfaces contact shall provide reliable thermal interface to allow stable and repeatable control of thermal conditions of the LFR and the MEB itself. The flatness, roughness, planarity and effective contact area of items contributing to thermal exchanges shall be controlled.

	REQ-RPW-LFR-4308 The mechanical and thermal mounting area shall be free of paint.

	REQ-RPW-LFR-4314 The surfaces contact shall provide reliable thermal interface to allow stable and repeatable control of thermal conditions on subunits and the MEB itself. The flatness, roughness, planarity and effective contact area of items contributing to thermal exchanges shall be controlled.

	REQ-RPW-LFR-4315 The mechanical and thermal mounting area shall be free of paint.


Mass Budget
The equipment mass is defined without the mechanical belts and associated screws:
[bookmark: _Ref306367742]Table 24 LFR mass budget
	Items
	Best estimate
	Margin
	Mass+margin

	[bookmark: _Hlk248748466]LFR Board, populated
	200
	20
	240

	Connectors
	100
	20
	120

	Total mass
	
	
	360



	REQ-RPW-LFR-4303 The LFR mass budget, as presented in Table 24, shall be in accordance with the MEB specifications (AD2), § 5.3.1.5.


[bookmark: _Toc318973734]Mechanical Environment
Equipment shall be designed to withstand the mechanical environment during all the phases of AIT/AIV, qualification and acceptance testing and that produced at launch.
Requirements are further described in the MEB specification, §5.3.2 (AD2).
	REQ-RPW-LFR-4309 The LFR shall survive to sinus vibration loads in accordance with the MEB specification, § 5.3.2.1.

	REQ-RPW-LFR-4310 The LFR shall survive to random vibration loads in accordance with the MEB specification, § 5.3.2.2.


[bookmark: _Toc131411629][bookmark: _Toc179800563][bookmark: _Toc318973735]Structural Analyses
Requirements are further described in the MEB specification (AD2), § 5.3.3.
	REQ-RPW-LFR-4311 Structural analyses shall be performed as defined in section 5.3.3.1. Analyses shall demonstrate that the design is safe with the recommended safety factors.

	REQ-RPW-LFR-4312 Factors of safety shall satisfy the structural general requirements defined in EID-A.

	REQ-RPW-LFR-4313 The fundamental resonance frequencies of the MEB shall be higher to 140Hz.


[bookmark: _Toc131411634][bookmark: _Toc179800565][bookmark: _Toc318973736]Thermal Specification
[bookmark: _Toc131411637][bookmark: _Toc179800568][bookmark: _Toc318973737]Thermal Design
The heat transfer from the LFR PCB to the MEB chassis shall be achieved by passive means: conductive and radiative transfers. In particular, the conductive heat transfer shall be done, as far as possible, through the chassis base plate, which is the surface at the coolest temperature.
As general guidelines, LFR shall apply the following thermal design recommendations:
· Highly dissipating elements shall be placed as close as possible to the base plate
· Electronic components that require high thermal conductance should be mounted with thermally conductive material
· Thermal straps, large tracks and printed circuit boards with metal planes should be considered to reduce hot spots

	REQ-RPW-LFR-4400 The heat transfer from sub-units to the MEB chassis shall also be achieved by passive means.


[bookmark: _Toc131411638][bookmark: _Toc179800569][bookmark: _Toc318973738]Thermal Ranges
[bookmark: _Toc131411639][bookmark: _Toc179800570]The design requirements for passive thermal control are defined according the following Thermal Control System (TCS):


[bookmark: _Toc314225914]Figure 15: Temperature definition for Thermal Control System.

The table below specifies the thermal requirements as stipulated in the TCS.
[bookmark: _Ref306368049]Table 25 Thermal requirements as stipulated in the TCS
	Temperature range at URP
	Temperature range (°C)

	
	Tmin
	Tmax

	Storage
	-30°C
	+90°C

	Non-Operating
	-30°C
	+75°C

	Start-up
	-30°C
	+65°C

	Operating Qualification (unit ON)
	-30°C
	+75°C

	Operating Acceptance (unit ON)
	-25°C
	+70°C

	Operating Design (unit ON)
	-20°C
	+65°C



	REQ-RPW-LFR-4401 LFR shall be able to work properly/survive in the temperature ranges specified in Table 25. The ranges shall be in accordance with (AD2).


[bookmark: _Toc318973739]Thermal Interfaces – Hardware 
Conductive and Radiative Interface
Components with significant thermal dissipation
· FPGA RTAX2000S ~1W
· Analog part (anti-aliasing filtering, 8 channels) ~1W
· Memories ~150mW each
	REQ-RPW-LFR-4402 LFR shall identify the dissipative components and define the appropriate design for thermal control.


Temperature Monitoring
The equipment shall implement at least one temperature sensor at critical and identified locations. Temperature monitoring is for operations and safety purposes. Data can be used to signify when temperatures exceed pre-defined limits.
LFR will implement 3 temperature probes, one for the SCM sensor, one for the LFR FPGA and one for the LFR board.
	REQ-RPW-LFR-4403 LFR shall implement 3 temperature probes, with the following ranges and resolutions:
=> LFR board temperature probe: -30°C / +75°C, +/-0.5°C
=> LFR FPGA temperature probe: -30°C / +75°C, +/-0.5°C
=> SCM sensor temperature probe: -30°C / +105°C, +/-TBD°C

	REQ-RPW-LFR-4407 The LFR shall sense SCM and its own temperature with an 8-bit resolution minimum at a TBD ms rate.


[bookmark: _Toc318973740]Mathematical Model
Thermal Mathematical Model
	[bookmark: OLE_LINK6][bookmark: OLE_LINK7]REQ-RPW-LFR-4404 The LFR design shall in accordance with § 5.4.3.1 “Thermal Mathematical Model” of the MEB specification (AD2).


Thermal Analysis and Temperature Predictions
	REQ-RPW-LFR-4405 The LFR design shall be in accordance with § 5.4.3.2 “Thermal Analysis and Temperature Predictions” of the MEB specification (AD2).

	REQ-RPW-LFR-4406 Subunits shall ensure that unit’s electronic components do not exceed the de-rated temperature range during all mission and ground operations including acceptance testing.


[bookmark: _Ref255143818][bookmark: _Toc318973741][bookmark: _Toc179800571]Power Interfaces Specification
[bookmark: _Toc318973742]Power Interfaces
The LFR is powered by the LVPS through the PDU and starts as soon as it is fed. The LFR will use the following low-voltages:
· +5V and -5V for analog devices
· Sub 1V5 and Sub 3V3 for digital functions
	REQ-RPW-LFR-4500 LFR shall work properly with the following power lines under any steady state temperature and operating conditions
=> Sub_1V5
=> Sub_3V3
=> A_+5V
=> A_-5V

	REQ-RPW-LFR-4501 Voltage regulators: LFR shall regulate the 1.5V and 3.3V by its own means using linear low-dropout voltage regulators.


The following table estimates the power budget, of all power lines at the secondary, according three basic operating modes.
[bookmark: _Ref306368977]Table 26 LFR Power budget in the standby, average and peak operating modes
	Operating modes
	+1.5V
	+3.3V
	-5V
	+5V
	Total w/o margin
	Margin
	Total with margin

	Standby
	300
	600
	100
	700
	1700
	10%
	1870

	Average
	350
	800
	100
	900
	2150
	10%
	2365

	Peak
	350
	800
	100
	900
	2150
	10%
	2365



	REQ-RPW-LFR-4502 Power budget: The LFR power budget, as presented in Table 26, shall be in accordance with the MEB specifications (AD2, Table 15, section 5.5.4).


[bookmark: _Toc318973743]Interfaces Design
In order to avoid the loss of one unit by a failure in the other, the power input interface will be designed to protect against failure propagation.
	REQ-RPW-LFR-4503 LFR electrical interfaces shall be designed to avoid signal distortions, interferences or performances deterioration of other RPW units.

	REQ-RPW-LFR-4504 LFR interfaces shall be safely designed to avoid short-circuits or failures propagation toward the others RPW equipments in any configuration; especially when LFR is powered-off while the others are on.


Switch On/Off
The PDU is in charge to switch-on/off the equipment by commands from the DPU.
	REQ-RPW-LFR-4505 Sudden power-off: LFR shall be designed to survive any intentional or unintentional removal of power without degradation of its nominal performances.

	REQ-RPW-LFR-4506 Initial electrical status: When restarted after intentional or unintentional removal of power, LFR shall be reset and placed in STANBDY mode.

	REQ-RPW-LFR-4507 For proper start-up and H/W resets, LFR shall implement power-on and reset circuitry.


Voltages Fluctuations
The LVPS output voltages might fluctuate during ground or flight operations.
	[bookmark: _Toc286910985]REQ-RPW-LFR-4508 Secondary outputs fluctuations: LFR shall safely operate to any standing or fluctuating voltage of 10 %.
REQ-RPW-MEB-1417

	REQ-RPW-LFR-4509 Secondary outputs fluctuations: In case of transients of 1ms and 1V on any power outputs from the LVPS-PDU, LFR shall survive without failure or degradation.
REQ-RPW-MEB-1417


Short-Circuit Protection
The LFR power interface (connected to the PDU) shall be designed to prevent short-circuits. Inversely, the LFR shall be designed to survive instantaneous short-circuits occurring on its power line.
	REQ-RPW-LFR-4510 LFR shall be designed to prevent short-circuits.

	REQ-RPW-LFR-4511 Short-circuit protection: LFR shall be designed to survive instantaneous short-circuits occurring at the LVPS secondary outputs.


In-rush Current
The start-up power characteristics will be compatible with the current limiter characteristics of the LVPS-PDU subsystem. The equipment shall limit its inrush current to 3 A [RD5].
	REQ-RPW-LFR-4512 LFR shall limit its inrush current to 3 A.


[bookmark: _Toc318973744]Communication Interfaces Specification
The LFR shall comply with the communication interfaces as described in the MEB specification (AD2), section 5.6.
[bookmark: _Toc318973745]Link Redundancy
The LFR shall implement a redundant SpaceWire link with the DPU (MEB specification, § 5.6.1)
	REQ-RPW-LFR-4600 LFR shall implement a fully redundant SpaceWire link with the DPU.


At LFR level, the swapping from the nominal to the redundant link is performed automatically by detecting disconnect events of the SpaceWire link.
[bookmark: _Toc318973746]Physical Level
Interfaces Characteristics
The SpaceWire interfaces are normalized in the ECSS-E-ST-50-12C. In particular, cables shall be manufactured according to this standard. They comprise four twisted pair wires with a separate shield around each twisted pair and an overall shield (MEB specification (AD2), § 5.6.2.1).
[image: ]
[bookmark: _Toc314225915]Figure 16 SpaceWire interface diagram
Connectors and Pins Allocation
The LFR SpaceWire connectors and their pin allocation are detailed in § 5.7.3 of the MEB specification (AD2).
	REQ-RPW-LFR-4601 The SpaceWire inner shields of the harnesses, on the transmitter sides, shall be connected to the LFR local ground.

	REQ-RPW-LFR-4602 The SpaceWire connector on the LFR shall be in accordance with the MEB Specification § 5.8.3.

	REQ-RPW-LFR-4603 The pin allocation of the SpaceWire interface connector on the LFR board shall be in accordance with the MEB specification §5.6.2.2.


The interface connectors on the LFR side shall be 21 contacts with the following pin allocation.


[bookmark: _Ref276381606][bookmark: _Toc314225916]Figure 17: View of the SpW front plug on equipment side.

[bookmark: _Ref306375438][bookmark: _Ref306375426]Table 27 SpaceWire connector pin allocation on the LFR board
	Contact number
	Signal name

	1
	Din+ (Nom.)

	2
	Sin+ (Nom.)

	3
	Inner shield

	4
	Sout- (Nom.)

	5
	Dout- (Nom.)

	6
	NC

	7
	Din+ (Red.)

	8
	Sin+ (Red.)

	9
	Inner shield

	10
	Sout- (Red.)

	11
	Dout- (Red.)

	12
	Din- (Nom.)

	13
	Sin- (Nom.)

	14
	Sou+ (Nom.)

	15
	Dout+ (Nom.)

	16
	NC

	17
	NC

	18
	Din- (Red.)

	19
	Sin- (Red.)

	20
	Sou+ (Red.)

	21
	Dout+ (Red.)



Note: According to the EMC requirements of the mission, the inner shield of the SpaceWire harnesses shall be connected to signal ground of PCB.
Signal Integrity
As well as SpaceWire signals through cables, the signals transmitted across PCB shall be carefully routed and tracked. Only point-to-point connections are supported: multi-drop bus structures are not compliant with SpaceWire standards.
	REQ-RPW-LFR-4604 SpaceWire tracks on the LFR board shall be point to point connections compliantly to SpaceWire Standards.

	REQ-RPW-LFR-4605 Differential pair signals shall run on a pair of close, parallel PCB tracks with a differential impedance of 100 ±6Ω. This differential impedance can be achieved by adjusting the track thickness, width, separation and height above the ground plane.

	REQ-RPW-LFR-4606 To avoid skew between the two parts of the differential signal, the difference in track length between the two signals from a differential pair shall be less than 5 % of the track length and no more than 5 mm.


Difference in track length for Data and Strobe
The skew introduced between the Data and Strobe (D and S) signals shall be minimized as specified here. For PCB tracks, skew is controlled by making the tracks all close to the same length.
	REQ-RPW-LFR-4607 The difference in track length between the Data and Strobe signals shall be less than 5 % of the track length and no more than 5 mm


[bookmark: _Toc318973747]Signal Level
Low Voltage Differential Signalling (LVDS)
LVDS drivers will be used to drive the SpaceWire signals.
	REQ-RPW-LFR-4608 The low voltage differential signaling (LVDS) for SpW links shall be compliant with ANSI/TIA/EIA-644 standards, as defined in section 5.3.4.1 of AD2.


The SpaceWire uses low voltage differential signalling (LVDS) as defined in ANSI/TIA/EIA-644.

[image: ]
[bookmark: _Toc314225917]Figure 18: Summary of the electrical characteristics of ANSI/TIA/EIA-644.


[bookmark: _Ref276387261][bookmark: _Toc314225918]Figure 19: LVDS signalling levels.
Over-voltage Protection
All external LVDS interfaces shall be over-voltage protected below the circuit’s absolute maximum Vcc ratings. The over-voltage protections shall be achieved using pull-up and pull-down resistors on the LVDS receiver side, as illustrated in Figure 20.



[bookmark: _Ref276390969][bookmark: _Toc314225919]Figure 20: Over-voltage protection.

	REQ-RPW-LFR-4610 The pull-up and pull-down resistors of the LVDS interfaces shall be nominally as follows:
RUP = 12kΩ
RDOWN = 5.6kΩ


[bookmark: _Toc318973748]Exchange Level
The exchange level is responsible for making a connection across a link and for managing the flow of data across the link.
Communication Protocol
	REQ-RPW-LFR-4611 The commands and data packets (science data or HK) with the S/C shall use the CCSDS packet transfer protocol as SpaceWire protocol.

	REQ-RPW-LFR-4612 The RMAP protocol shall be used for maintenance.

	REQ-RPW-LFR-4613 Analyzers S/W shall be deployed from the DPU PROM to the analyzers working memory after power-on.

	REQ-RPW-LFR-4620 For all SpW start-ups and restarts, links shall always set the “AutoStart " flag, specified in ECSS-E-50-12C.

	REQ-RPW-LFR-4621 LFR shall detect the active link at boot and use it as the single communication interface until the next reboot; the second port being disabled.


[bookmark: _Toc318973749]Link Timing
Link speed
	REQ-RPW-LFR-4614 The equipment shall support and keep the link speed within 10MHz +/-1% for both directions.


Disconnect timing
	REQ-RPW-LFR-4615 The disconnect timeout is of 850ns nominally. It shall be:
From 727ns min. (i.e. 8 cycles of 10MHz +10% clock).
To 1000ns max. (i.e. 9 cycles of 10MHz -10% clock).

	REQ-RPW-LFR-4616 LFR shall detect disconnect events of the SpaceWire link and a mechanism for swapping from the nominal to the redundant link shall be implemented.

	REQ-RPW-LFR-4617 LFR shall automatically go in STANDBY mode in case of emergency: e.g. when SpaceWire disconnect occurs and after TBD attempts of reconnection within a timeout of TBD sec.


Exchange timeout periods
	REQ-RPW-LFR-4618 The 6,4μs (nominal) timeout period shall be:
From 5,82μs min. (i.e. 64 cycles of 10MHz +10% clock).
To 7,22μs max. (i.e. 65 cycles of 10MHz -10% clock).

	REQ-RPW-LFR-4619 The 12,8μs (nominal) timeout period shall be:
From 11,64μs min. (i.e. 128 cycles of 10MHz +10% clock).
To 14,33μs (i.e. 129 cycles of 10MHz -10% clock).


[bookmark: _Toc318973750]RMAP Buffers
This information is documented in the LFR Software Requirements Specification (AD5).
[bookmark: _Toc318973751]System Time Distribution
This information is documented in the LFR Software Requirements Specification (AD5).
[bookmark: _Toc318973752]Data Level
Tele-command Format
This information is documented in the LFR Software Requirements Specification (AD5).
Telemetry Format
This information is documented in the LFR Software Requirements Specification (AD5).
HK Format
This information is documented in the LFR Software Requirements Specification (AD5).
[bookmark: _Toc318973753]Interconnections Specification
[bookmark: _Toc318973754]Interfaces Diagram
In order to avoid the loss of one unit by a failure in the other, the power input interface will be designed to protect against failure propagation.
	[bookmark: OLE_LINK8][bookmark: OLE_LINK9]REQ-RPW-LFR-4700 Signal integrity: LFR electrical interfaces shall be designed to avoid signals distortion, interferences or performances deterioration of others RPW units.
REQ-RPW-MEB-1601

	REQ-RPW-LFR-4701 Failure propagation: LFR interfaces shall be safely designed to avoid short-circuits or failure propagation toward other RPW equipments in any configuration; especially when LFR is powered-off while the others are on.
REQ-RPW-MEB-1602




[image: ]
[bookmark: _Toc314225921]Figure 22 LFR Interfaces Diagram

LFR will require the following analog inputs from 3 RPW sub-units.

BIAS
The BIAS Unit will deliver 5 analog signals to the LFR. The 5 analog inputs can be configured by BIAS depending on the sub-configurations presented earlier in the document (STD, SAT, PB1F, PB2F, PB3F). Signals coming from the BIAS Unit will be pseudo-differential, on a voltage range of +/-3V.
	REQ-RPW-LFR-4702 LFR shall receive 5 analog signals coming from the BIAS Unit



ANT (via TNR-HFR)
Three outputs from the high frequency amplifiers of electric antennas are required. Only signals below 10 kHz will be processed by the LFR.
	REQ-RPW-LFR-4703 LFR shall receive 3 analog signals coming from ANT



SCM
Three outputs from the searchcoil magnetometer are required. LFR will also measure the temperature of the SCM sub-unit using a Pt1000 probe.
A special room on the LFR is reserved to the SCM heating system command.
LFR will deliver a calibration signal to the SCM.
	REQ-RPW-LFR-4704 LFR shall receive 3 analog signals coming from the SCM

	REQ-RPW-LFR-4705 The LFR shall monitor the SCM temperature sensor in the minimum range of -30°C to +105°C (TBC).

	REQ-RPW-LFR-4706 LFR shall deliver a calibration signal to the SCM. This signal will be the sum of two sinus waves, at different frequencies f1 = 625 Hz and f2 = 10 kHz, with amplitudes of 500 mVpp, a sampling frequency of [TBD], a resolution of 8 bits and a duration of 4 s.
When not used, the calibration signal will be tied to ground (TBC) via an analog switch.


[bookmark: _Toc318973755]Input / Output Stages
Input Stages
	REQ-RPW-LFR-4707 Input stages: The LFR shall implement differential input stages for signals interfaces with BIAS, ANT and SCM preamplifiers.
REQ-RPW-MEB-1607	

	REQ-RPW-LFR-4708 Input range: The signals interfaces for LFR shall offer a differential input range (voltage swing) of 6Vpp minimum for any inputs.
REQ-RPW-MEB-1608

	REQ-RPW-LFR-4709 CM rejection: The inputs stages of LFR shall have common mode rejection capabilities of at least 40dB in the range of ±500mV.
REQ-RPW-MEB-1609

	REQ-RPW-LFR-4710 CM input impedance: The inputs stages of LFR shall present a common mode impedance of at least 10kΩ.
REQ-RPW-MEB-1610

	REQ-RPW-LFR-4711 Differential input impedance: The differential impedance for LFR input stages shall be higher than 10 kΩ.
REQ-RPW-MEB-1611

	REQ-RPW-LFR-4712 LFR will implement analog anti-aliasing filtering on each one of the analog inputs. Two Rauch structures in series will achieve a fourth order filtering with a cut-off frequency of 11 kHz.


All LFR analog channels will implement input buffers realized using operational amplifiers powered by +5V/-5V voltages.
Anti-aliasing filtering will be implemented on each analog input. Two Rauch structures in series will achieve a fourth order filtering. The analog filter will be split in two stages presented on Figure 24 and Figure 25. The cut-off frequency will be 11 kHz. The structure of the filter will be adapted to the abovementioned requirements so as to make the inputs of the LFR pseudo-differential (see the sketch on Figure 23).
[image: ]
[bookmark: _Ref314213088][bookmark: _Toc314225922]Figure 23 Conceptual view of the pseudo-differential structure to be implemented on all the LFR analog inputs
[image: ]
[bookmark: _Ref285104682][bookmark: _Toc314225923]Figure 24 LFR Input analog filter, Stage 1
[image: ]
[bookmark: _Ref285104685][bookmark: _Toc314225924]Figure 25 LFR Input analog filter, Stage 2
[bookmark: _Toc318973756]Connectors and Pins Allocation
	REQ-RPW-LFR-4715 The LFR shall implement connectors as listed in § 5.8.3 of the MEB specification (AD2.)
REQ-RPW-MEB-1703

	REQ-RPW-LFR-4723 The non-assigned pins shall be connected to the local GND by a DC resistance ≤ 10 kΩ
REQ-RPW-MEB-1704


LFR to BIAS Interface
	REQ-RPW-LFR-4716 The LFR to BIAS interface shall be in accordance with the section 5.8.3.5 (Pin Allocation For LFR) of the MEB specification.


LFR to HF Preamp Interface
	REQ-RPW-LFR-4717 The LFR to HF Preamp interface shall be in accordance with the section 5.8.3.5 (Pin Allocation For LFR) of the MEB specification.


LFR to SCM Interface
	REQ-RPW-LFR-4718 The LFR to SCM interface shall be in accordance with the section 5.8.3.5 (Pin Allocation For LFR) of the MEB specification.


LFR to DPU Interface
	REQ-RPW-LFR-4719 The LFR to DPU interface shall be in accordance with the section 5.8.3.5 (Pin Allocation For LFR) of the MEB specification.


LFR to PDU Interface
	REQ-RPW-LFR-4720 The LFR to PDU interface shall be in accordance with the section 5.8.3.5 (Pin Allocation For LFR) of the MEB specification.


SCM Heater to SCM Interface
	REQ-RPW-LFR-4721 The SCM Heater to SCM interface shall be in accordance with the section 5.8.3.5 (Pin Allocation For LFR) of the MEB specification.


SCM Heater to PDU Interface
	REQ-RPW-LFR-4722 The SCM Heater to PDU interface shall be in accordance with the section 5.8.3.5 (Pin Allocation For LFR) of the MEB specification.


[bookmark: _Toc318973757]EMC Requirements
The equipment must fulfil the recommendations on deviations and waivers to the EMC control plan. The EMC requirements are listed in the EID-A [RD1] and EID-B [RD2].
As far as possible, oscillators shall have same fundamental and/or harmonic frequencies. A list of the frequencies used will be reported in a frequency control plan and updated throughout the equipment design and test phases.
	REQ-RPW-LFR-4800 The LFR design shall be in accordance with the EMC control plan (ref TBD).


[bookmark: _Toc318973758]Grounding
Grounding is described in details in the MEB specification, § 5.8.2.1. For its grounding, the LFR shall be compliant with the following rules written for the entire MEB:
	REQ-RPW-LFR-4801 LFR grounding: As baseline, the LFR ground shall be insulated from the chassis ground in order to comply with the Distributed Single Point Grounding concept.
REQ-RPW-MEB-1802

	REQ-RPW-LFR-4802 Signal I/F grounding: For electrical I/F between the LFR and the other MEB sub-units, all signal from driver outputs shall be referenced to ground and all receiver inputs shall be isolated from ground. 
Signal receivers shall provide common mode rejection and isolation capability. The differential interface circuits shall be designed to maintain the common mode isolation of 4 k Ω  min.
REQ-RPW-MEB-1804

	REQ-RPW-LFR-4805 Removal DC strap: The LFR shall implement a removal strap for connecting their ground to the chassis structure.
REQ-RPW-MEB-1803

	[bookmark: OLE_LINK10]REQ-RPW-LFR-4807 AC grounding strap: The electrical ground of subunits shall be strapped to the chassis structure in AC, using the following circuit:
[image: ]
Values and components types shall be as follows: 
· Cb = 33nF ±20% - Ceramic 50V min. 
· Cd = 100nF ±20% - Ceramic 50V min. 
· Rd = 50Ω±20% - Thin film 
This circuit shall be located as close as possible to the powering connector.
REQ-RPW-MEB-1821

	REQ-RPW-LFR-4806 All connectors shall be hermetically sealed.
The connector shell mounted on the box shall be bonded to the chassis with a DC resistance of ≤ 10mΩ.

	REQ-RPW-LFR-4808 Ground planes: In order to prevent the propagation of radiated emissions from one unit to the others, all PCBs shall be designed with at least one ground plane covering more than 80% of the board surface.
REQ-RPW-MEB-1820


[bookmark: _Toc318973759]Isolation
	REQ-RPW-LFR-4803 Secondary power isolation: When disconnected from the ground, the isolation measured between the secondary power return (signal ground) and the MEB chassis shall be equivalent to a DC resistance of R > 1 MΩ in parallel with a capacitance of C < 50 nF (cf AD2). 


[bookmark: _Toc318973760]Material Selection
	REQ-RPW-LFR-4804 Material selection shall be done in accordance with the MEB specification, § 5.8.2.5. As far as possible, all materials shall be non-magnetic. If magnetic characteristics cannot be avoided, the lowest residual field shall be considered. If steel must be used, stainless steel of proven non-magnetic characteristics should be preferred.


[bookmark: _Toc318973761]Verification Requirements
[bookmark: _Toc318973762]Verification and conformance Matrix
The verification matrix will be part of another document. The verification matrix presents all the requirements attached to the LFR and indicates for each requirement the verification method: review of design (R), inspection (I), analysis (A) or test (T).

Review of design: verification method using approved records or evidence that unambiguously shows that the requirement is met. For example design documents, design reports, technical descriptions, and engineering drawings.

Inspection: verification method by visual determination of physical characteristics. Product characteristics include constructional features, hardware conformance to document drawing or workmanship requirements, physical conditions, and software source code conformance with coding standards.

Analysis: verification method performing a theoretical or empirical evaluation using techniques agreed with the Customer. The selected techniques can typically include statistics, qualitative design analysis, and modelling and computer simulation.

Test: verification method by measurement of product performance and functions under representative simulated environments.

The verification level is the product architectural level at which the relevant verification is performed: sub-unit (SU), MEB, RPW or spacecraft (S/C).

According to the method, fill the matrix with the verification result: compliant (C), partially compliant (PC) or non compliant (NC).

An example of verification matrix template is presented below.

	Requirement number
	Requirement title
	Origin of requirement
	Verification method
	Verification level
	Result

	TNR-010
	Board dimensions 
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	





[bookmark: _Toc318973763]APPENDIX A Processed data versus modes and configurations
To know the signals that are processed by the LFR at a given sub-frequency, one has to know the LFR Mode, the BIAS Unit configuration and the parameter set. The table below presents a few examples of configurations. The default values of the parameters are given in the 
Table 28 Examples of LFR configurations and of the corresponding processed data
	LFR Mode
	NORM
	NORM
	BURST
	SBM1
	SBM2

	BIAS
Configuration
	WORKS
STD
	FAILS
	WORKS
STD
	WORKS
STD
	WORKS
STD

	Parameter set
{BW, SP0, SP1, R0, R1}
	Default
1 0 0 0 0
	Default
0 1 1 0 0
	Default
1 0 0 0 0
	Default
1 0 0 0 1
	Default
1 0 0 0 1

	V_f0
	V1_DC
	VHF_1
	V1_DC
	V1_DC
	V1_DC

	E1_f0
	V12_AC
	VHF_2-VHF_1
	V12_AC
	V12_AC
	V12_AC

	E2_f0
	V23_AC
	VHF_3-VHF_2
	V23_AC
	V23_AC
	V23_AC

	B1_f0
	SCM_1
	SCM_1
	SCM_1
	SCM_1
	SCM_1

	B2_f0
	SCM_2
	SCM_2
	SCM_2
	SCM_2
	SCM_2

	B3_f0
	SCM_3
	SCM_2
	SCM_3
	SCM_3
	SCM_3

	V_f1
	V1_DC
	VHF_1
	V1_DC
	V1_DC
	V1_DC

	E1_f1
	V12_AC
	VHF_2-VHF_1
	V12_AC
	V12_AC
	V12_AC

	E2_f1
	V23_AC
	VHF_3-VHF_1
	V23_AC
	V23_AC
	V23_AC

	B1_f1
	SCM_1
	SCM_1
	SCM_1
	SCM_1
	SCM_1

	B2_f1
	SCM_2
	SCM_2
	SCM_2
	SCM_2
	SCM_2

	B3_f1
	SCM_3
	SCM_2
	SCM_3
	SCM_3
	SCM_3

	V_f2
	V1_DC
	not used
	V1_DC
	not used
	V1_DC

	E1_f2
	V12_DC
	not used
	V12_DC
	not used
	V12_DC

	E2_f2
	V23_DC
	not used
	V23_DC
	not used
	V23_DC

	B1_f2
	SCM_1
	not used
	SCM_1
	not used
	SCM_1

	B2_f2
	SCM_2
	not used
	SCM_2
	not used
	SCM_2

	B3_f2
	SCM_3
	not used
	SCM_3
	not used
	SCM_3

	V_f3
	V1_DC
	not used
	not used
	not used
	not used

	E1_f3
	V12_DC
	not used
	not used
	not used
	not used

	E2_f3
	V23_DC
	not used
	not used
	not used
	not used

	B1_f3
	SCM_1
	not used
	not used
	not used
	not used

	B2_f3
	SCM_2
	not used
	not used
	not used
	not used

	B3_f3
	SCM_3
	not used
	not used
	not used
	not used


Table 29 Default values for the LFR shaping (SP) and routing (R) parameters. In Normal, SBM1 and SBM2, the SP and R parameters shall be the same.
	LFR
Mode
	BW
	SP0
	SP1
	R0
	R1

	BIAS_WORKS/STD

	NORMAL
SBM1
SBM2
	1
	0
	0
	0
	0

	BURST
	1
	0
	0
	0
	0

	BIAS_WORKS/PB1F PB2F PB3F

	NORMAL
SBM1
SBM2
	1
	1
	0
	0
	0

	BURST
	1
	1
	0
	0
	0

	BIAS_WORKS/SAT

	NORMAL
SBM1
SBM2
	1
	1
	1
	0
	0

	BURST
	1
	1
	1
	0
	0

	BIAS_FAILS

	NORMAL
SBM1
SBM2
	0
	1
	1
	0
	0

	BURST
	0
	1
	1
	0
	0





[bookmark: _Toc318973764]APPENDIX B ASM compression algorithm
The compression algorithm of the ASM consists in the average of consecutive points of each ASM. The number of averaged points depends on the mode. In the NORMAL mode, the number is 8, in other modes, BURST, SBM1 and SBM2, the number is 4.
The general formulas to compute the compressed spectral matrices from the spectral matrices in the NORMAL mode are the following:
 



The corresponding frequencies are given by the following formulas and presented in Table 30.



[bookmark: _Ref311193443]Table 30 Frequency values for the ASM_C components in NORMAL mode.
	n
	
	f_ASM_C_f0 [Hz]
	
	f_ASM_C_f1 [Hz]
	
	f_ASM_C_f2 [Hz]

	0
	
	1968
	
	152
	
	10.5

	1
	
	2736
	
	280
	
	18.5

	2
	
	3504
	
	408
	
	26.5

	3
	
	4272
	
	536
	
	34.5

	4
	
	5040
	
	664
	
	42.5

	5
	
	5808
	
	792
	
	50.5

	6
	
	6576
	
	920
	
	58.5

	7
	
	7344
	
	1048
	
	66.5

	8
	
	8112
	
	1176
	
	74.5

	9
	
	8880
	
	1304
	
	82.5

	10
	
	9648
	
	1432
	
	90.5

	11
	
	
	
	1560
	
	98.5

	12
	
	
	
	1688
	
	



The general formulas to compute the compressed spectral matrices from the spectral matrices in the BURST, SBM1 and SBM2 modes are the following:
 



The corresponding frequencies are given by the following formulas and are presented in Table 31.



[bookmark: _Ref311193464]Table 31 Frequency values for the ASM_C components in BURST, SBM1 and SBM2 modes.
	n
	
	f_ASM_C_f0 [Hz]
	
	f_ASM_C_f1 [Hz]
	
	f_ASM_C_f2 [Hz]

	0
	
	1776
	
	120
	
	8.5

	1
	
	2160
	
	184
	
	12.5

	2
	
	2544
	
	248
	
	16.5

	3
	
	2928
	
	312
	
	20.5

	4
	
	3312
	
	376
	
	24.5

	5
	
	3696
	
	440
	
	28.5

	6
	
	4080
	
	504
	
	32.5

	7
	
	4464
	
	568
	
	36.5

	8
	
	4848
	
	632
	
	40.5

	9
	
	5232
	
	696
	
	44.5

	10
	
	5616
	
	760
	
	48.5

	11
	
	6000
	
	824
	
	52.5

	12
	
	6384
	
	888
	
	56.5

	13
	
	6768
	
	952
	
	60.5

	14
	
	7152
	
	1016
	
	64.5

	15
	
	7536
	
	1080
	
	68.5

	16
	
	7920
	
	1144
	
	72.5

	17
	
	8304
	
	1208
	
	76.5

	18
	
	8688
	
	1272
	
	80.5

	19
	
	9072
	
	1336
	
	84.5

	20
	
	9456
	
	1400
	
	88.5

	21
	
	9840
	
	1464
	
	92.5

	22
	
	
	
	1528
	
	96.5

	23
	
	
	
	1592
	
	100.5

	24
	
	
	
	1656
	
	

	25
	
	
	
	1720
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ANSI/TIA/EIA-644
Specification Min Max Typ
Output Current 247 mA 454 mA Determined by RSET (nominally 3.5 mA)
Differential Output Voltage Magnitude | 247 mV 454 mV 350 mV
Output Offset Voltage (Common Mode) | 1.126V 1375V 12v
Transition Time: Rise Time (tg) and 0.3 x ty=0.3x588ns|05ns
Fall Time (t¢); 20% to 80% =176ns
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