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1 General

1.1 Scope Of The Document

This document describes all the interfaces for the Low Frequency Receiver (LFR) integrated inside the MEB.

This Interface Control Document describes all the relevant interface information for the implementation of the Low Frequency Receiver (LFR) in RPW instrument, consistent with the applicable documents and specifications listed below.
This ICD responds to, and complies with, all individual requirements. This ICD specifies the interface information between LFR and the MEB.

1.2 Applicable Documents

The documents listed in the following table are applicable for the LFR definition and design:

	Mark
	Reference/Iss/Rev
	Title of the document
	Authors
	Date

	AD1 
	RPW-SYS-MEB-SPC-00021-LES_Iss02-Rev00
	Specification for the Main Electronics Box
	M. Dekkali
	12/11/2012

	AD2 
	RPW-MEB-LFR-SPC-00003-1-6
	Specification for the LFR
	P. Leroy
	22 OCT 2012

	AD3 
	RPW-SYS-MEB-ICD-00126-LES_Iss01-Rev00
	MEB Mechanical Interface Control Document
	F.Chapron
	

	AD4 
	ECSS-E-ST-50-12C
	SpaceWire – Links, nodes, routers and networks
	ESA
	31/07/2008

	AD5 
	RPW-SYS-MEB-DPH-TN-00022-IWF
	 DPU- PDU/Bias Protocol
	H. Ottacher
	24/05/2012

	AD6 
	LFR-17000-PCB Interface-Rev_0D
	LFR PCB interfaces drawing
	I. Laglil
	26 SEP 2012

	AD7 
	LFR-172200-EM_01_00_(LFR_SOLO_SCH)
	
	A. Jeandet
	03 MAY 2013

	AD8 
	RPW-MEB-LFR-ICD-00047_Annex_A
	
	A. Jeandet
	03 MAY 2013

	AD9 
	
	
	
	


1.3 Reference Documents

This document refers on the documents listed in the following table:

	Mark
	Reference/Iss/Rev
	Title of the document
	Authors
	Date

	RD1 
	RPW-SYS-ELE-ICD-00034-LES_Iss03-Rev00
	RPW Electrical Interface Control Document
	G.Barbary
	29/10/2012

	RD2 
	
	
	
	

	RD3 
	
	
	
	

	RD4 
	
	
	
	


2 Mechanical Interfaces
2.1 Structural Design
The PCB format and the location of connectors and fixation holes are fully described in [AD6]. The mechanical design of the LFR board is provided by LESIA, as well as the design of the mechanical frame for the integration in the MEB. The following files have been used for the LFR board design:
· LFR-17000-PCB Interface-Rev_0D.stp
· LFR-17010-Belt-Rev_0B.stp
The parts locations are described in the Annex A of the present ICD.
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Figure 1 LFR board, top side
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Figure 2 LFR board, bottom side
2.2 Materials And Process

List here the material and process used for the PCB fabrication, assembly and coating.

2.3 Mass
Detail here the mass breakdown.

	Items
	Estimates
	Uncertainties
	Nom. Mass

	PCB
	200g
	20%
	240g

	Electronics components
	
	
	

	Connectors and screws
	100g
	20%
	120g

	Coating
	
	
	

	…
	
	
	

	Total mass
	
	
	360g


2.4 Mass Repartition

Detail here the mapping of the non-structural mass over the PCB surface for the heaviest components.
3 Thermal Interfaces

3.1 Thermal Design

A thermal strap is located under the FPGA on the Engineering model.

[TBD]:

· thermal strap under the RAM

· bonding of the FPGA with Stycast
3.2 Permissible Temperature Range

Detail here the min/max temperature ranges.
	Temperature range at URP
	Temperature range (°C)

	
	Tmin
	Tmax

	Storage
	-30°C
	+85°C

	Non-Operating
	-30°C
	+75°C

	Start-up
	-30°C
	+65°C

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

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

	Operating (ON)
	-20°C
	+65°C


3.3 Repartition Of Dissipation

Detail here the mapping of the power repartition over the PCB surface for the most dissipative components.

4 Electrical Interfaces

4.1 Power Interfaces

4.1.1 Power Consumption
Details of the schematic are given in one annex attached to this ICD [AD7].
Table 1LFR power breakdown

	Mode
	Sys_2V5
	Sys_3V3
	Sub_1V5
	Sub_3V3
	A_-5V
	A_+5V
	A_+12V
	Estimates
	Un-certainty
	Nom Pwr 

	 Standby
	
	
	375
	450
	200
	300
	
	1325
	10%
	1458

	 Average
	
	
	750
	900
	200
	300
	
	1775
	10%
	2365

	 Peak
	
	
	750
	900
	200
	300
	
	2150
	10%
	2365


4.1.2 Electrical Design
Two digital voltage lines will be used by the LFR: Sub_1V5 and Sub_3V3

Two analog voltage lines will be used by the LFR, the A_-5V and A_+5V lines.

Table 2 Onboard LFR voltage lines

	Voltage line
	Regulator
	Onboard voltage

	Sub_1V5
	MSK 5822-1.5
	#+1.5V

	
	MSK 5810
	#+1.8V

	Sub_3V3
	RHFL4913
	#+2.5V (digital)

	
	RHFL4913
	+2.5V (analog)

	
	RHFL4913
	#+3.3V

	A_-5V
	R L C Filter
	A_-5V

	A_+5V
	R L C Filter
	A_+5V


The footprints will be available for all the capacitors for the LDO regulators. All capacitors may not be soldered.
All input lines will be filtered with passive parts as specified in the following figure (REQ-RPW-MEB-1419):
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with 

· R1 = 3 to 10 Ω - Thin film

· L1 = 10 to 33 uH – Low resistance < 100 mΩ and supporting 2 A mini.

· C1 > 10 uF Tantalum

· C2 = 47 to 100 uF - Ceramic
4.1.2.1 Onboard #+1.5V (from Sub_1V5)

Sub_1V5 (min +2.00V, max +2.20V)
The Sub_1V5 voltage line is used to generate the #+1.5V digital voltage with an MSK5822-1.5 LDO regulator
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4.1.2.2 Onboard #1.8V (from Sub_1V5)

Sub_1V5 (min +2.00V, max +2.20V)
The Sub_1V5 voltage line is used to generate the #+1.8V digital voltage with an MSK5810 LDO regulator.
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4.1.2.3 Onboard #+2.5V (from Sub_3V3)

Sub_3V3 (min +3.65V, max +4.00V)

From the Sub_3V3 voltage line, one generates the onboard #+2.5V (Digital) with the RHFL4913 regulator.
[image: image6.png]#2.5V Supply

ci7
1000F

GND
RHFLA9I13





4.1.2.4 Onboard #+3.3V (from Sub_3V3)

Sub_3V3 (min +3.65V, max +4.00V)

From the Sub_3V3 voltage line, one generated the onboard #3.3V using the RHFL4913 regulator.
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4.1.2.5 Onboard +2.5V (from A_+5V)
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4.1.2.6 Onboard -5V (fromA_-5V)
A_-5V (min -5.25V, max -4.75V)

R L C structure at the input and other capacitors on each operational amplifier
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4.1.2.7 Onboard +5V (from A_+5V)
A_+5V (min +4.75V, max +5.25V)

R L C structure at the input and other capacitors on each operational amplifier
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4.1.3 Reference Voltage 1.4V
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4.2 Communication Interfaces

4.2.1 Electrical Design
LFR will be connected to the Digital Processing Unit via a fully redundant SpaceWire link. Separated receiver and transmitter parts will be used to isolate the two links.
[image: image12.png]ANSUTIA/EIA-644
Specification Win Max TV
Output Current 247mA  4.54mA Determined by RSET (nominally 3.5 mA)
Differential Output Voltage Magnitude | 247 mV 454 mV 350 mV/
Output Offset Voltage (Common Mode) | 1.125V 1375V 12V
Transition Time: Rise Time (ta) and 0.3 x 1, =03 x 5.88ns | 0.5ns
Fall Time (tr); 20% to 80% 76ns





Figure 3 Summary of electrical characteristics of ANSI/TIA/EIA-644
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Figure 4 LVDS signaling levels
The LVDS interfaces will be overvoltage protected. The over-voltage protection will be achieved using pull-up and pull-down resistors on the LVDS receiver side:

· RUP = 12kΩ

· RDOWN = 5.6kΩ
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Figure 5 Over-voltage protection
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Figure 6 LVDS receiver for the SpaceWire links

4.2.2 Link Configuration
	Link parameters

	Link timing
	

	Link frequency
	10 MHz

	Logical address
	0xfe

	Tx buffer size
	

	Rx buffer size
	

	AutoStart
	True

	LinkStart
	True

	LinkDisable
	

	RmapEnable
	True


4.2.3 Data Rate

Science and HK data rate over operating modes.
4.3 Sensors interfaces

4.3.1 Electrical Design
[image: image16.emf]
Figure 7 Input buffers are split into two parts. Only V4_BIA and V5_BIA have an additional high pass capacitor of 4.7 µF
LFR has 11 analog inputs. All input buffers have the same design except for V4_BIA and V5_BIA which will include an additional high pass capacitor. The structure is a pseudo differential buffer that is used as the first stage of an anti-aliasing analog filter. Digital filtering is also applied on the sampled waveforms after sampling. Details are given in annex [AD7].
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Figure 8 Sensor inputs of the LFR. The pseudo-differential input buffer is followed by one ADC
In case of a failure of the BIAS Unit, LFR is able to commute the analog channels BIAS_1, BIAS_2, BIAS_3, BIAS_4 and BIAS_5 toward VHF_1, VHF_2, VHF_3 and ground for BIAS_4 and BIAS_5. This is done using analog multiplexers (MC54HC4053). One 7.5 kΩ resistor is placed in series with all inputs of the multiplexers so as to avoid short-circuits when LFR is switched off.
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4.3.2 Signals Characteristics
	Signals characteristic
	Value

	Differential input range (voltage swing)
	6Vpp (peak to peak)

	Input noise level
	

	Frequency range
	0 – 10KHz

	Common mode rejection
	40dB in the range +/-500mV

	Input common mode impedance
	>10kΩ

	Input differential impedance
	>10kΩ


4.3.3 SCM Calibration

The SCM calibration buffer is constituted by:

· A digital to analog converter

· A switch implemented jut after the DAC to swith the calibration on or of

Both the previous elements are drived by the FPGA.

See the annex [AD7] for details.
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Figure 9 Details of the calibration buffer used for the SCM are given in one annex document [AD7]
4.4 Interconnections

4.4.1 Bonding Diagram
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Figure 10 LFR board connectors identification
4.4.2 Connectors List and Type

List here all connectors, including functions and type.
	Conn. ID
	Function
	Conn. Type
	Manufacturer / Reference

	J700-P
	Power I/F to SCM
	MDM-15P
	C&K or AXON

	J701-P
	Signals I/F to SCM LF preamps
	MDM-15P
	C&K or AXON

	J702-P
	Signals I/F to TDS and THR
	MDM-21P
	C&K or AXON

	J703-P
	Communication I/F to DPU
	MDM-21P
	C&K or AXON

	J704-P
	Power I/F to LVPS-PDU
	MDM-15P
	C&K or AXON


4.4.3 Pins Assignment

	J700-MDM-15P

	Pin #
	
	Signal Name
	Signal Type
	AWG
	Destination

	1
	
	Nom_SCM_28V_RTN
	PWR
	26
	SCM

	
	9
	Nom_SCM_28V
	PWR
	26
	SCM

	2
	
	Red_SCM_28V_RTN
	PWR
	26
	SCM

	
	10
	Red_SCM_28V
	PWR
	26
	SCM

	3
	
	Nom_SCM_Op_Heat
	PWR
	26
	SCM

	
	11
	Red_SCM_Op_Heat
	PWR
	26
	SCM

	4
	
	SCM_Op_Heat_RTN
	PWR
	26
	SCM

	
	12
	SCM_Temp3
	ANALOG
	26
	SCM

	5
	
	SCM_Temp_RTN
	ANALOG
	26
	SCM

	
	13
	SCM_Temp2
	ANALOG
	26
	SCM

	6
	
	SCM_Temp_1
	ANALOG
	
	

	
	14
	SCM_-5V
	PWR
	26
	SCM

	7
	
	SCM_-5V_RTN
	PWR
	26
	SCM

	
	15
	SCM_+12V
	PWR
	26
	SCM

	8
	
	SCM_+12V_RTN
	PW
	26
	SCM

	Shell
	J700_SHLD
	SHIELD
	N/A
	


	J701-MDM-15P

	Pin #
	
	Signal Name
	Signal Type
	AWG
	Destination

	1
	
	B1_LF_RTN
	ANALOG
	26
	SCM

	
	9
	B1_LF
	ANALOG
	26
	SCM

	2
	
	B2_LF_RTN
	ANALOG
	26
	SCM

	
	10
	B2_LF
	ANALOG
	26
	SCM

	3
	
	B3_LF_RTN
	ANALOG
	26
	SCM

	
	11
	B3_LF
	ANALOG
	26
	SCM

	4
	
	
	
	
	

	
	12
	Cal_LFR
	ANALOG
	26
	SCM

	5
	
	Cal_LFR_RTN
	ANALOG
	26
	SCM

	
	13
	LFR_COM2
	SHIELD
	N/A
	

	6
	
	
	
	
	

	
	14
	
	
	
	

	7
	
	
	
	
	

	
	15
	SCM_Temp_HK
	ANALOG
	26
	SCM

	8
	
	SCM_Temp_HK_RTN
	ANALOG
	26
	SCM

	Shell
	J701_SHLD
	SHIELD
	N/A
	


	J702-MDM-21P

	Pin #
	
	Signal Name
	Signal Type
	AWG
	Destination

	1
	
	V1_BIA_LFR_RTN
	ANALOG
	26
	BIAS

	
	12
	V1_BIA_LFR
	ANALOG
	26
	BIAS

	2
	
	V2_BIA_LFR_RTN
	ANALOG
	26
	BIAS

	
	13
	V2_BIA_LFR
	ANALOG
	26
	BIAS

	3
	
	V3_BIA_LFR_RTN
	ANALOG
	26
	BIAS

	
	14
	V3_BIA_LFR
	ANALOG
	26
	BIAS

	4
	
	V4_BIA_LFR_RTN
	ANALOG
	26
	BIAS

	
	15
	V4_BIA_LFR
	ANALOG
	26
	BIAS

	5
	
	V5_BIA_LFR_RTN
	ANALOG
	26
	BIAS

	
	16
	V5_BIA_LFR
	ANALOG
	26
	BIAS

	6
	
	
	
	
	

	
	17
	V3_HF+
	ANALOG
	26
	TNR-HFR

	7
	
	V3_HF-
	ANALOG
	26
	TNR-HFR

	
	18
	
	
	
	

	8
	
	
	
	
	

	
	19
	V2_HF+
	ANALOG
	26
	TNR-HFR

	9
	
	V2_HF-
	ANALOG
	26
	TNR-HFR

	
	20
	
	
	
	

	10
	
	
	
	
	

	
	21
	V1_HF+
	ANALOG
	26
	TNR-HFR

	11
	
	V1_HF-
	ANALOG
	26
	TNR-HFR

	Shell
	J702_SHLD
	SHIELD
	N/A
	


	J703-MDM-21P

	Pin #
	
	Signal Name
	Signal Type
	AWG
	Destination

	1
	
	Nom_LFR_Din+
	LVDS
	26
	DPU Nom.

	
	12
	Nom_LFR_Din-
	LVDS
	26
	DPU Nom.

	2
	
	Nom_LFR_Sin+
	LVDS
	26
	DPU Nom.

	
	13
	Nom_LFR_Sin-
	LVDS
	26
	DPU Nom.

	3
	
	Nom_LFR_InnerSHLD
	SHIELD
	26
	

	
	14
	Nom_LFR_Sout+
	LVDS
	26
	DPU Nom.

	4
	
	Nom_LFR_Sout-
	LVDS
	26
	DPU Nom.

	
	15
	Nom_LFR_Dout+
	LVDS
	26
	DPU Nom.

	5
	
	Nom_LFR_Dout-
	LVDS
	26
	DPU Nom.

	
	16
	
	
	
	

	6
	
	
	
	
	

	
	17
	
	
	
	

	7
	
	Red_LFR_Din+
	LVDS
	26
	DPU Red.

	
	18
	Red_LFR_Din-
	LVDS
	26
	DPU Red.

	8
	
	Red_LFR_Sin+
	LVDS
	26
	DPU Red.

	
	19
	Red_LFR_Sin-
	LVDS
	26
	DPU Red.

	9
	
	Red_LFR_InnerSHLD
	SHIELD
	26
	

	
	20
	Red_LFR_Sout+
	LVDS
	26
	DPU Red.

	10
	
	Red_LFR_Sout-
	LVDS
	26
	DPU Red.

	
	21
	Red_LFR_Dout+
	LVDS
	26
	DPU Red.

	11
	
	Red_LFR_Dout-
	LVDS
	26
	DPU Red.

	Shell
	J703_SHLD
	SHIELD
	N/A
	


	J704-MDM-15P

	Pin #
	
	Signal Name
	Signal Type
	AWG
	Destination

	1
	
	
	
	
	

	
	9
	
	
	
	

	2
	
	LFR_+5V_RTN
	PWR
	26
	LVPS-DPU

	
	10
	LFR_+5V
	PWR
	26
	LVPS-DPU

	3
	
	LFR_-5V_RTN
	PWR
	26
	LVPS-DPU

	
	11
	LFR_-5V
	PWR
	26
	LVPS-DPU

	4
	
	
	
	
	

	
	12
	
	
	
	

	5
	
	
	
	
	

	
	13
	LFR_3V3
	PWR
	26
	LVPS-DPU

	6
	
	LFR_3V3_RTN
	PWR
	26
	LVPS-DPU

	
	14
	
	
	
	

	7
	
	
	
	
	

	
	15
	LFR_1V5
	PWR
	26
	LVPS-DPU

	8
	
	LFR_1V5_RTN
	PWR
	26
	LVPS-DPU

	Shell
	J704_SHLD
	SHIELD
	N/A
	


5 EMC

5.1.1 Grounding
As a baseline, the LFR ground shall be insulated from the chassis ground in order to comply with the Distributed Single Point Grounding concept.

For electrical I/F between LFR and all other MEB sub-units, all signals from driver outputs shall be referenced to ground and all receiver inputs shall be isolated from ground.

Signals receiver shall provide common mode rejection and isolation capability. The differential interface circuits shall be designed to maintain the common mode isolation of 4 kΩ as a minimum.

The LFR shall implement a removal strap for connecting its ground to the chassis structure.
5.1.2 Frequency Plan

List here all oscillators, their function and frequency range.
	Osc. ID
	Function
	Nom. freq.
	Range

	LFR_MST_OSC
	Leon3, AMBA, SpaceWire clocking
	50.000 MHz
	

	LFR_SMP_OSC
	Sampling frequency generation

· 98 304 Hz

· 24 576 Hz

· 4 096 Hz

· 256 Hz

· 16 Hz
	49.152 MHz
	


5.1.3 Magnetic Material

List here all the magnetic components (transformers, relays, inductors…) and their magnetic moment.
The only identified magnetic components are the inductors used for the inrush currents limitation, at the inputs of the LDO regulators.
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