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Section 5.2.1.10.1, Spectra Default Values:

Set default of 0x34, 0x35, 0x36 (SCMW, V1AC, V2AC) to Enabled.

Removed 0x37 (SPEC8), capability removed from FPGA.

Section 5.2.1.11, Cross-Spectra Registers:

Corrected first paragraph to indicate that XSPEC_NAVG for 0x38 used for all other XSPECs (0x39-0x3B).

Added note that the address 0x30 SPEC_NCAD now controls cadence for all XSPEC data products.
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Section 5.2.1.10.1, Cross-Spectra Default Values:
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Corrected typo in description of XSPEC_NAVG for registers 0x39-0x3B: 0x38 value read 4, corrected to  8 FFTs.

Section 5.2.1.12.1, Electric Field Registers: 

Added reset values. 

Added description of E_B_MATRIX_XX as footnote below table.

Section 0, Magnetic Field Registers:

Added reset values. 

Added description of S_B_MATRIX_XX as footnote below table.

Added registers 0x79, 0x7A, 0x7B: MAG offsets. See table for definition and default value.

Section 5.2.1.12.3, FAP Configuration Register: Updated command. EAC_OFFSET_SEL now bit 3. Bits 0, 1, 2 are FAP_SCM_ENABLE, FAP_EDC_ENABLE, FAP_EAC_ENABLE.

Section 5.2.1.13, DFB Sync with Super PPS: New section. Added text description and command definition (address 0x3F). See section for definition.

Section 5.3.1.2, Spectra Compression: No change to compression algorithm. Updated drawing to show two 8-bit compressed values as sent from DFB to DCB.

Section 5.3.1.3, Cross Spectra Compression: 

Multiple edits of text to reflect the reordering of the data product (P, Rc, Ic).
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Compression of Rc, Ic changed. No longer uses a spectra exponent; now completely self contained, and signed. 

Section 5.3.1.4, Solitary Wave Counter Compression: 12-to-8 bit algorithm description added to document.

Section 5.3.2, Synchronization: 

Added Super-PPS description.

Changed “preceding (TBR) second” to “that second”

Changed “order of APIDs is defined (TBD)” to “order of APIDs is variable”.

Reworded requirement for FPGA to send 32 zeros for synch with DCB. 

Section 5.3.3, APIDs: Corrected typos in the example of FB and V_SVY APIDs and component numbers to transfer.

Section 5.3.4, Telemetry Packet Definition: 

Changed “IDPU processing software” to “EFW FSW” (also added to acronyms table)

Added VDC_AVG to V_SVY telemetry packet definition.

Added number of data words transferred in SPEC.

Removed SPEC8 from FFT telemetry packet.

Redefined XSPEC  telemetry packet: changes are significant – see Table 9.

Added number of data words transferred in XSPEC.

Added VDC_AVG to V_B1 telemetry packet definition.

Added SCMprp2_B2 to SC_B2 telemetry packet definition.

Table 22: Added data product name associated with FM (MAG) and SC (SCM) analog signals.

Section 8, Digital Signal Processing:

Added note that V1-V4DC average included n real-time waveform signals.

Added note that SCprp transformation is in spin plane

Added SCprp2 transformation and noted it is out of spin plane.

Section 8.1, FFT Frequency Band Tables: 

No change in bins or frequency ranges.

Added note that Frequency is in Hz

Added column to show frequency range (dF) in Hz

Added color to help distinguish where dF changes in tables.

Table 26. Survey data products.: 

Sample/sec max for waveforms updated to show the difference between what DFB can produce (16K) and what DCB can receive (128). 

Removed Edcprp2 and Eacprp2 from SPEC source signals.

Changed SPEC and XSPEC Sample/sec min from 1/256 to 1/128.

Corrected bits/s on MAG_SVY (from 3072 to 1536)

Corrected bits/s on SPEC (from 256 to 448)

Corrected bits/s on XSPEC (from 512 to 768)

Corrected total bits/s (from 9352 to 8264)

Table 30, Interface with EMIFIS SCM and MAG, EFW-J703 pinout. Updated “ground” to Analog Ground. All ground signals are analog ground signals.

Added Table 31 through Table 36, describing EFW-J715 through EFW-J720 SMA connectors


	S. Batiste
	04/09/10

	G
	C04301
	Section5.2.1.2, ADC Registers: Added operational constraint that ADC1_SRC_SEL≠ ADC2_SRC_SEL.

Section 5.2.1.2, ADC Registers and Table 29, SVY_INT: Added note on nominal configuration for ADCn_SRC_SEL and effect on order of SVY_INT data products is source select is swapped. 

5.2.1.8,Internal Waveform Command: Changed the SVY_INT_ENA bit assignments. Now corresponds with nominal Mux-ADC read order. 

Changed ordering E_B2_ENA  selections 3-7 for Burst 2 waveforms, register address 0x16. Now corresponds with nominal Mux-ADC read order.

Deleted Solitary Wave sections (not implemented).

Updated what default values any undefined command parameter defaults to. See Command List for details.

Changed command values on startup. FPGA comes up in a quiet state. Exceptions to “0x0” as startup values listed at start of Command List.

Added mnemonics to Command List table.


	S. Batiste
	05/3/10

	H
	C05470
	The waveform channels default to a speed of 0x0 (1 S/s) when an invalid command is written to the speed bits (intended to default to 0x5).  

Register 0x48 should default to 0x7FFF, but is incorrectly set to default to 0x0. FSW should set 0x48 to 0x7FFF at start up.

Updated mass to NTE of 504 g (estimate 438 g for ETU) per M. Ludlam email 9/13/10

Added Section 10, describing System Timing.

Section 5.1: Removed reference to the Solitary Wave Detector 

Section 5.2.1.2: Added description for the non-nominal configuration [ADC2_SRC_SEL = 0 and ADC2_SRC_SEL = 1]: spectra and cross spectra will not function properly if any VAC product is selected (data will be noise on all spectra).  Spectra and cross spectra will work fine in the non-nominal MUX configuration only so long as all non-VAC sources are selected. Also noted as footnote 5 in Table 26.

Section 5.3.1.3: Removed stay empty boxes. 

Section 5.3.3, Table 4:  Changed “interferometric” to “high-rate” on Burst 2 description

Section 8: Removed two references in this section to the DFB producing and supplying data on power up. DFB now comes up in quiet state
	S. Batiste
	11/03/10
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0.4 Applicable Documents

	Document Ref
	Title

	JHU/APL 7417-9093
	Interface Control Document for the EFW Investigation

	JHU/APL 7417-9089
	EFW to EMFISIS Electrical Interface Control Document

	RBSP_EFW_SYS_001
	EFW Requirements Matrix

	JHU/APL 7417-9019
	RBSP Environmental Design and Test Requirements Document

	JHU/APL 7314-9018
	RBSP EMC Spacecraft Charging and Magnetics Control Plan

	
	EFW DFB Compliance Matrix


0.5 Reference Documents
	Document Ref
	Title

	
	EFW DFB FPGA Design and Implementation Document

	RBSP_EFW_BPL_001
	Backplane Specification

	RBSP_EFW_BEB_001
	Boom Electronics Board Specification

	RBSP_EFW_SYS_008
	RBSP EFW Harnessing Diagram


0.6 Acronyms/Abbreviations

	Acronym
	Meaning

	ADC 
	Analog/Digital Converter

	BEB
	Boom Electronics Board

	DCB
	Data Controller Board

	DFB
	Digital Fields Board

	EFW
	Electric Fields and Waves

	Epar
	Electric field component parallel to the magnetic field

	Eprp
	Electric field component perpendicular to the magnetic field

	FB
	Filter Bank

	FFT
	Fast Fourier Transform

	FPGA
	Field Programmable Gate Array

	FSW
	Flight Software

	ICD
	Interface Control Document

	IDPU
	Instrument Data Processing Unit

	LASP
	Laboratory for Atmospheric and Space Physics

	LVPS
	Low Voltage Power Supply

	MAG
	Flux-Gate Magnetometer

	MSB
	Most-significant bit

	NC
	Not Connected

	RBSP
	Radiation Belt Storm Probes

	SCM
	Search Coil Magnetometer

	SCMpar
	SCM magnetic field component parallel to the magnetic field

	SCMprp
	SCM magnetic field component perpendicular to the magnetic field

	SMA
	Sub-Miniature Type A

	SRAM
	Static Random Access Memory

	TBD
	To be determined

	TBR
	To Be Reviewed

	UCB
	University of California at Berkeley

	VME
	Versa Module Eurocard


This document contains the design specification for the Digital Fields Board (DFB) that is located in the Electric Fields and Waves (EFW) instrument on the Radiation Belt Storm Probes (RBSP) mission. This document provides a complete description of the design methodology, configuration, functionality and electrical characteristics of the DFB.

In this document, TBD (To Be Determined) indicates that no information currently exists.  TBR (To Be Reviewed) indicates that the information is preliminary. 
In the context of this document, statements using the word “shall” are mandatory requirements for the DFB to be verified. Only those requirements stated uniquely within this document make use of the wording “shall”. 

Requirements may be imposed by other documents and referred to within this document. In this case, this document does not establish the requirement and uses the wording “is” or “will.” Statements using the words “is” or “will” are descriptive and provide relevant information, but do not positively indicate requirements subject to verification.
Statements using the word “should” indicate goals for which a best effort shall be made. Goals are stated for the purpose of clarifying desired performance and are not to influence the allocation of mission resources.
1 System Overview

The Digital Fields Board (DFB) provides analog filtering, analog to digital conversion, and digital signal processing for the EFW instrument sensors as illustrated in Figure 1. The DFB is one board within the EFW Instrument Data Processing Unit (IDPU). The electronics box and remaining boards are provided by University of California at Berkeley (UCB). LASP will design, fabricate, functionally and thermally test, and calibrate the DFB prior to delivery to UCB for integration into the IDPU. Two identical instruments will be built, and LASP will deliver two DFBs, one for each instrument. Each DFB shall be functionally identical [Source: EFW-22]. A flight spare and engineering test unit will also be delivered. 

The DFB will receive analog signals from the Electric Fields and Waves (EFW), Flux-Gate Magnetometer (MAG), and Search Coil Magnetometer (SCM). 
The EFW measures electric potential at six different points in space using spheres mounted on radial and axial booms to generate signals V1DC-V6DC and V1AC-V6AC. Booms on opposing sides of the spacecraft are paired to create differential electric field measurements E12, E34, and E56 which can be selected as AC (E12AC, E34AC, E56AC) or DC (E12DC, E34DC, E56DC) coupled on the DFB. 

The background (DC) magnetic field vector B = [Bu, Bv, Bw] is measured by the MAG and is transferred to the DFB in analog form, with signals MAGU, MAGV, and MAGW. The more rapidly varying (AC) magnetic field vector SCM = [Su, Sv, Sw] is measured by the SCM and is transferred to the DFB in analog form, with signals SCMU, SCMV, and SCMW. 

Analog signals will be conditioned, filtered and converted to digital format. The DFB shall provide programmable digital filtering of these signals for transmission as survey data and as burst data. A field programmable gate array (FPGA) will be used to provide spectral analysis on the these signals and report AC and DC electric fields and AC magnetic fields measurements in relation to the DC magnetic field direction based on MAG data. Broadband filter banks of two selected signals will also be available.

Data from the DFB shall be transmitted serially over the Backplane to the Data Controller Board (DCB). The DFB shall receive commands, a 1 PPS and a clock signal from the DCB. The Low Voltage Power Supply(LVPS) shall provide the necessary power to the DFB.
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Figure 1. Block diagram of DFB.

2 Requirements

Primary EFW requirements can be found in RBSP_EFW_SYS_001(EFW Requirements Matrix). 

2.1 Fabrication and Test

The DFB will be fabricated at LASP and shall be in compliance with the EFW DFB Compliance Matrix. 

Functionality will be tested and the board will be calibrated and will undergo thermal testing from -25 to +55 ˚C prior to delivery to the instrument for integration.

2.2 Mass and Mechanical Properties

The DFB shall be contained on a single 6U VME printed circuit assembly.  The board shall conform to the mechanical dimensions and clearances as defined in DFB-IDPU Mechanical Interface Control Document (UCB document RBSP-IDP-MEC-200).

The total mass of EFW DFB will not exceed 0.504 g (estimate 0.438 kg) [Source: EFW-103].
2.3 Electrical Power

The EFW DFB shall operate with the following input voltages:

· +/- 10V analog (< 10mV ripple)

· +/- 5V analog (< 10mV ripple)

· +3.6V (<50mV ripple)

· + 1.8V digital (<50mV ripple)

· + 5V digital (<50mV ripple)

3 Analog Sensor Signals

The EFW DFB shall receive and condition analog signals from the  EFW, SCM, and MAG [Source: EFW-58]. The EFW DFB shall be designed to filter continuous science measurements [Source: EFW-24]. The DFB will be capable of changing calibration coefficients or tables in response to ground commands [Source: EFW-29]

3.1 EFW

The DFB will accept 6 direct connected probe single ended signals, designated EF1 through EF6, with range of ±225V, from the Boom Electronics Board (BEB) via six Sub-Miniature Type A (SMA) connectors on the front panel. 
The signals and conditioning required for the EFW are described below, and in Table 1. All signals will be scaled to ±2.5 V. Common Mode Rejection Ratios of 80 dB (goal, requirement 70 dB) for DC signals and 60 dB (goal, requirement 40 dB) at 1 kHz for AC signals will be implemented. The DFB shall power up in a quiet condition, producing no data products. It is expected the DCB will command the DFB to the nominal flight configuration. Both FPGA reset values (at power up) and nominal (after DCB commanding)  values are provided in Section 8.
1.1. . Voltage range +/- 100V.

1.1.1.  Input amplifier gain = 1/20 

1.1.2.  6 kHz analog low pass filter 

1.1.3.  Attenuation in stop-band ???????

1.2. 3 differential DC coupled probe signals. Voltage range ????

1.2.1.  Input amplifier gain = 1/5

1.2.2.  6 kHz analog low pass filter

1.2.3.  Attenuation in stop-band ???????

1.3. 3 differential AC coupled probe signals. Voltage range +/- 5V.

1.3.1.  Input amplifier gain = 1

1.3.2.  6 kHz analog low pass filter

1.3.3.  Attenuation in stop-band ???????

1.4. 1 Logarithmic AC to RMS converter connected to output of 1 differential AC amplifier (E56). 60 dB dynamic range.

Table 1. Analog signals from the EFW to condition for use by EFW.
	Input Signal
	Conditioned Signal
	Gain Factor
	Filtering

	EF1 through EF6
	V1dc through V6dc
	0.01
	low-pass 6.5 kHz

	EF1 through EF6
	V1ac through V6ac
	0.2
	10 Hz - 6.5 kHz

	EF1, EF2
	E12dc
	0.02
	low-pass 6.5 kHz

	EF3, EF4
	E34dc
	0.02
	low-pass 6.5 kHz

	EF5, EF6
	E56dc
	0.02
	low-pass 6.5 kHz

	EF1, EF2
	E12ac
	0.1
	10 Hz - 6.5 kHz

	EF3, EF4
	E34ac
	0.1
	10 Hz - 6.5 kHz

	EF5, EF6
	E56ac
	0.1
	10 Hz - 6.5 kHz


3.2 SCM

The DFB will accept 3 signals, designated SCMU through SCMW. The DFB will accept the signals through a 26 pin high-density D-subminiature connector on the front panel (shared with MAG signals). See Section 9.1 for the pin out. The signals shall have deep dielectric charge tolerance in compliance with the RBSP Electromagnetic Environment Control Plan (APL document 7417-9018).

The signals and conditioning required are described in Table 2. 

Table 2. Analog signals from the Search Coil Magnetometer to condition.
	Signal
	Science Range
	Signal Range
	Amp Gain
	Filtering

	Input
	Conditioned
	
	
	
	

	SCMU, SCMV, SCMW
	SCU, SCV, SCW
	+/- 5V
	+/- 6.8 V
	1/2 differential DC coupled
	low-pass 6.5 kHz


3.3 MAG

The DFB will accept 3 signals, designated MAGU through MAGW. The DFB will accept the signals through a 26 pin high-density D-subminiature connector on the front panel (shared with SCM signals). See Section 9.1 for the pin out. The signals shall have deep dielectric charge tolerance in compliance with the RBSP Electromagnetic Environment Control Plan (APL document 7417-9018). The magnetometer has three gain ranges it may operate on. Upon startup, the FPGA will operate using a default gain state. A CDI command will be sent to the DFB to change the gain. 

 The signals and conditioning required are described in Table 3. 

Table 3. Analog signals from the Flux-Gate Magnetometer to condition.
	Signal
	Science Range
	Signal Range
	Amp Gain
	Filtering

	Input
	Conditioned
	
	
	
	

	MAGU, MAGV, MAGW
	FMU, FMV, FMW
	+/- 5V
	+/- 6.8 V
	1/2 differential DC coupled
	low-pass 6.5 kHz


4 Power Interface

The DFB shall interface to IDPU though the backplane connector. The IDPU will provide +/- 10V analog power for the DFB, +/- 5V analog to power the ADCs, +3.6V digital (to be regulated to +3.3VD on the DFB) for the FPGA and RAM, + 1.8V digital (to be regulated to +1.5VD on the DFB) for the FPGA and +5V digital for analog switch logic. Grounding shall be in accordance to RBSP_EFW_SYS_007_IDPUGrounds, RBSP EFW IDPU Internal Grounding diagram.

5 Command and Telemetry Interface
The DFB shall interface to the Digital Control Board (DCB) through the backplane. The DFB shall transmit telemetry parallel through DFB_TLM0 and DFB_TLM1 and receive commands serially from the DCB through the DFB_CMD line. The DCB shall provide the DFB with an 8.389 MHz clock (DFB_CLK) and 1 pps signal (DFB_1HZ). All backplane digital signals shall be +3.3V and shall be defined at the backplane. AC14 drivers will be used to buffer the signals. Further details are available in the IDPU Backplane Specification, RBSP-EFW_BPL_001.
The EFW DFB shall perform instrument command/control functions. The EFW DFB instrument shall reject invalid or unauthorized commands [Source: EFW-96].

The DFB shall produce lower rate as well as scientifically focused data collection (burst) mode [Source: EFW- 45, 46, 48, 49, 51, 52] continuously. Data rates for each data packet type (Table 26-Table 29) are controllable by command, and can be commanded to a rate of zero. DFB shall be capable of operating continuously [Source: EFW-24] producing both normal (survey) and burst mode. 
5.1 Timing

The DFB synchronizes telemetry acquisition and reporting to the 1PPS signal. All commands to change configurations will be implemented in the DFB FPGA at the start of the next 1 PPS signal.

For ‘fast’ data products, those that have reporting rates under1 second, data products will not be collected or reported spanning a second boundary as defined by the 1 PPS signal from the DCB. Within the second, the time delay from when the data are first acquired and when they are reported shall be deterministic and will be documented in a timing table.
For ‘slow’ data products, those that have reporting rates longer than 1 second, data are necessarily collected spanning the second boundary as defined by the 1 PPS signal from the DCB. Five quantities can average longer than 1 second, Triggers(FB, FB_INT), Spectra and Cross Spectra. In order for CCSDS packets to start at the beginning of an averaging period requires the DFB and DCB to be in sync. This will be achieved with a “Super-PPS” command to tell the DFB that the next 1PPS signal marks the start of a new averaging cycle (see 5.2.1.13 for command definition). If the DFB receives no signal it will restart its averaging cycle after finishing the last one. The longest averaging cycle is 128 seconds. The DFB will startup and run without the Super-PPS command from the FSW.

5.2 Command

Commands are sent to the DFB from the DCB. Commands are 24-bits wide and are sent synchronously with the rising edge of the DFB_CLK (Figure 2). All signal polarities are as measured on the backplane. The DFB FPGA shall clock in the command data at the falling edge of CLK to avoid race conditions between DFB_CLK and DFB_CMD signals. No command retries will be attempted.
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Figure 2. Serial Command Timing

The 8 most significant bits are used for command identification and the remaining 16 bits are command information. The 24-bit commands are sent most significant bit (MSB) first preceded by a start bit and followed by a parity bit then by a stop bit. The parity bit is odd and includes the parity bit and the 24 command bits but not the start bit so that a command with all 24 bits zero would have the parity bit on. Figure 3 illustrates the command format. If the parity bit does not check, an error counter in housekeeping is incremented and the command is ignored.

The DFB synchronizes by finding the first non-zero bit (START bit), and verifies synchronization by the presence of a zero-value STOP bit. After a reset or loss of synchronization, the DFB will look for 25 consecutive zero-level bits before starting to look for a start bit to avoid incorrect interpretation of a transfer in progress.

	
	23
	…
	18
	17
	16
	15
	…
	2
	1
	0
	P
	

	Start bit (1)
	8-bit Command Identification

MSB
	16-bit Command Information

LSB
	Parity Bit (odd)
	Stop Bit (0)


Figure 3. DFB Command format.

The following sections provide the command list of all possible commands for the DFB FPGA. The first column gives an 8-bit command identification in hex which corresponds to an FPGA address. The following columns detail the 16-bit command information, including a description and start-up default values.

Command List
This section defines all DFB commands. On start-up, the FPGA comes up in a quiet state. Registers need to be set to the Nominal values (right columns in the following tables) for the FPGA to produce the default flight configuration. All register values are reset to zero on a power cycle, with just a few exceptions: 

1. The ADC1_SRC_SEL and ADC2_SRC_SEL are assigned to Mux Bank #1 and Mux Bank #2, respectively and enabled. This does not produce any data. 

2. In the field alignment processor registers (electric field and magnetic field), the 9-element rotation matrices are set to unity matrices, and the gains are set to 1. 

3. In the FAP register (0x78), the field alignment for SCM signals is enabled. This does not produce any data.

Unused bits: When bits are unused, the FPGA ignores the bits and the value contained in the bits has no effect on the FPGA operation. These instances are shown below as having the name, read/write and reset values of “-“ and description of “Unused”.

Undefined values: When a group of bits in a command are used together to select from a number of options, there are cases where there are fewer options than bit combinations. In these cases, bit combinations are listed as “Undefined.” For example, in the Filter Bank Command (0x06) bits 11:8 define the FB_speed. There are 11 valid reporting speeds, requiring 4 bits to define those speeds, which leaves 16 possible values for the 4 bits. For those 4 bits, values between 0x0 and 0xA are used for the 11 valid reporting speeds and values 0xB through 0xF are “Undefined.” If the FPGA is commanded into an “Undefined” configuration, the FPGA will autonomously revert to a default value, assigned for each data product type. These “defaults to” values are listed in the tables below.

Command Processor Registers

	8-bit Cmd ID
	16-bit Command Information
	Read/

Write
	Description
	16-bit Cmd Information Nominal Value

	Address

	Bit
	Name/Mneumonic
	
	
	

	0x00
	7:0
	REGISTER_READ
	-/W
	Writing an address to this register causes a register read packet to be generated containing the contents of that register.
	-

	
	15:8
	-
	-
	Unused
	-

	0x00
	15:0
	FPGA_REVISION
	R/-
	Current FPGA revision number.
	Current Revision

	0x01
	15:0
	SCRATCHPAD
	R/W
	General purpose scratchpad register for read/write testing.
	0x0

	0x02
	15:0
	COMMANDS_ACCEPTED
	R/W
	Number of commands accepted.
	0x0

	0x03
	15:0
	COMMANDS_REJECTED
	R/W
	Number of commands rejected.
	0x0


Analog to Digital Converter Registers
Non-zero Reset Values:

Upon power-on of the FPGA, the ADC1_SRC_SEL and ADC2_SRC_SEL are assigned to Mux Bank #1 and Mux Bank #2, respectively. Note that 0x04 and 0x05 are not reset to 0x0. The far right column represents both reset and nominal values. 

Operational constraints:

1) ADC1_SRC_SEL ≠ ADC2_SRC_SEL. This is required regardless of the enable status of either ADC. FPGA will operate but produce bad data if ADCs are set to the same Mux bank.

2) For nominal ordering of SVY_INT data products it is necessary that ADC1_SRC_SEL = 0 and ADC2_SRC_SEL=1. See Table 29, Internal Data Products, SVY_INT for nominal and alternate data product ordering.
3) In the non-nominal configuration [ADC2_SRC_SEL = 0 and ADC2_SRC_SEL = 1], spectra and cross spectra will not function properly if any VAC product is selected (data will be noise on all spectra).  Spectra and cross spectra will work fine in the non-nominal MUX configuration only so long as all non-VAC sources are selected.
	8-bit Cmd ID
	16-bit Command Information
	Read/

Write
	Description
	16-bit Cmd Information Reset &Nominal Value

	Address/ Mnemonic
	Bit
	Name
	
	
	

	0x04
ADC1
	0
	ADC1_SRC_SEL
	R/W
	Selects the source for ADC #1:

0 = Mux Bank #1

1 = Mux Bank #2
	0x0

	
	1
	ADC1_ENA
	R/W
	Enable for ADC #1:

1 = Enable

0 = Disable
	0x1

	
	15:2
	-
	-
	Unused
	-

	0x05
ADC2
	0
	ADC2_SRC_SEL
	R/W
	Selects the source for ADC #2:

0 = Mux Bank #1

1 = Mux Bank #2
	0x1

	
	1
	ADC2_ENA
	R/W
	Enable for ADC #2:

1 = Enable

0 = Disable
	0x1

	
	15:2
	-
	-
	Unused
	-


Filter Bank 

	8-bit Cmd ID
	16-bit Command Information
	Read/

Write
	Description
	16-bit Cmd Information Nominal Value

	Address/

Mnemonic
	Bit
	Name
	
	
	

	0x06
FB
	3:0
	FB_SEL1
	R/W
	Source selects for the Filter Bank:

0=E12DC, 1=E34DC, 2=E56DC, 3=E12AC, 4=E34AC, 5=E56AC,

6=SCMU, 7=SCMV, 8=SCMW, 9=(V1DC+V2DC+V3DC+V4DC)/4
0xA-0xF=Undefined (defaults to 0x0)
	0x0

	
	7:4
	FB_SEL2
	R/W
	
	0x0

	
	11:8
	FB_SPD
	R/W
	Selects the reporting speed for the Filter Bank:

0=1/16S/s, 1=1/8S/s, 2=1/4S/s, 3=1/2S/s, 4=1S/s, 5=2S/s, 6=4S/s, 7=8S/s, 8=16S/s, 9=32S/s, 0xA=64S/s, 
0xB-0xF=Undefined (defaults to 0x7)
	0x7

	
	12
	FB_ENA1
	R/W
	Enable for the Filter Bank:

1=Enable

0=Disable
	0x1

	
	13
	FB_ENA2
	R/W
	
	0x0

	
	14
	FB_FREQBANDS
	R/W
	Frequency band selection for the Filter Bank:

0 = 7 bins: [0.8-1.5, 3-6, 12-25, 50-100, 200-400, 800-1.6k, 3.2k-6.5k]

1 = 13 bins: [0.8-1.5, 1.5-3, 3-6, 6-12, 12-25, 25-50, 50-100, 100-200, 200-400, 400-800, 800-1.6k, 1.6k-3.2k, 3.2k-6.5k]
	0x0

	
	15
	-
	-
	Unused
	-


Internal Filter Bank
	8-bit Cmd ID
	16-bit Command Information
	Read/

Write
	Description
	16-bit Cmd Information Nominal Value

	Address/ Mnemonic
	Bit
	Name
	
	
	

	0x07
FB_INT
	3:0
	FB_INT_SEL3
	R/W
	Source selects for the Internal Filter Bank:

0=E12DC, 1=E34DC, 2=E56DC, 3=E12AC, 4=E34AC, 5=E56AC,

6=SCMU, 7=SCMV, 8=SCMW, 9=(V1DC+V2DC+V3DC+V4DC)/4
0xA-0xF=Undefined (defaults to 0x0)
	0x0

	
	7:4
	FB_INT_SEL4
	R/W
	
	0x0

	
	11:8
	FB_INT_SPD
	R/W
	Selects the reporting speed for the Internal Filter Bank:

0=1/16S/s, 1=1/8S/s, 2=1/4S/s, 3=1/2S/s, 4=1S/s, 5=2S/s, 6=4S/s, 7=8S/s, 8=16S/s, 9=32S/s, 0xA=64S/s, 
0xB-0xF=Undefined (defaults to 0x9)
	0x9

	
	12
	FB_INT_ENA3
	R/W
	Enable for the Internal Filter Bank:

1=Enable

0=Disable
	0x1

	
	13
	FB_INT_ENA4
	R/W
	
	0x0

	
	14
	FB_INT_FREQBANDS
	R/W
	Frequency band selection for the Internal Filter Bank:

0 = 7 bins: [0.8-1.5, 3-6, 12-25, 50-100, 200-400, 800-1.6k, 3.2k-6.5k]

1 = 13 bins: [0.8-1.5, 1.5-3, 3-6, 6-12, 12-25, 25-50, 50-100, 100-200, 200-400, 400-800, 800-1.6k, 1.6k-3.2k, 3.2k-6.5k]
	0x1

	
	15
	-
	-
	Unused
	-


Survey Waveforms
	8-bit Cmd ID
	16-bit Command Information
	Read/

Write
	Description
	16-bit Cmd Information Nominal Value

	Address/ Mnemonic
	Bit
	Name
	
	
	

	0x10
E_SVY
	2:0
	E_SVY_ENA
	R/W
	Waveform enable:

1=Enable, 0=Disable

Bits:

0=E12DC, 1=E34DC, 2=E56DC
	0x7

	
	11:3
	-
	-
	Unused
	-

	
	15:12
	E_SVY_SPD
	R/W
	Speed select:

0=1 S/s, 1=2 S/s, 2=4 S/s, 3=8 S/s, 4=16 S/s, 5=32 S/s, 6=64 S/s, 7=128 S/s, 8=256 S/s, 9=512 S/s, 0xA=1024 S/s, 0xB=2048 S/s, 0xC=4096 S/s, 0xD=8192 S/s, 0xE=16384 S/s, 0xF=Undefined (defaults to 0x0)
	0x5

	0x11
V_SVY
	6:0
	V_SVY_ENA
	R/W
	Waveform enable:

1=Enable, 0=Disable

Bits:

0=V1DC, 1=V2DC, 2=V3DC, 3=V4DC, 4=V5DC, 5=V6DC, 6=VDC_AVG*
	0x3F

	
	11:7
	-
	-
	Unused
	-

	
	15:12
	V_SVY_SPD
	R/W
	Speed select:

0=1 S/s, 1=2 S/s, 2=4 S/s, 3=8 S/s, 4=16 S/s, 5=32 S/s, 6=64 S/s, 7=128 S/s, 8=256 S/s, 9=512 S/s, 0xA=1024 S/s, 0xB=2048 S/s, 0xC=4096 S/s, 0xD=8192 S/s, 0xE=16384 S/s, 0xF=Undefined (defaults to 0x0)
	0x5

	0x12
MAG
	2:0
	MAG_SVY_ENA
	R/W
	Waveform enable:

1=Enable, 0=Disable

Bits:

0=MAGU, 1=MAGV, 2=MAGW
	0x7

	
	11:3
	-
	-
	Unused
	-

	
	15:12
	MAG_SVY_SPD
	R/W
	Speed select:

0=1 S/s, 1=2 S/s, 2=4 S/s, 3=8 S/s, 4=16 S/s, 5=32 S/s, 6=64 S/s, 7=128 S/s, 8=256 S/s, 9=512 S/s, 0xA=1024 S/s, 0xB=2048 S/s, 0xC=4096 S/s, 0xD=8192 S/s, 0xE=16384 S/s, 0xF=Undefined (defaults to 0x0)
	0x5


*VDC_AVG, (V1dc+V2dc+V3dc+V4dc)/4, implemented for ground testing. Not required in-flight.
Burst #1 Waveforms

	8-bit Cmd ID
	16-bit Command Information
	Read/

Write
	Description
	16-bit Cmd Information Nominal Value

	Addres/ Mnemonic
	Bit
	Name
	
	
	

	0x13
E_B1
	2:0
	E_B1_ENA
	R/W
	Waveform enable:

1=Enable, 0=Disable

Bits:

0=E12DC, 1=E34DC, 3=E56DC
	0x7

	
	11:3
	-
	-
	Unused
	-

	
	15:12
	E_B1_SPD
	R/W
	Speed select:

0=1 S/s, 1=2 S/s, 2=4 S/s, 3=8 S/s, 4=16 S/s, 5=32 S/s, 6=64 S/s, 7=128 S/s, 8=256 S/s, 9=512 S/s, 0xA=1024 S/s, 0xB=2048 S/s, 0xC=4096 S/s, 0xD=8192 S/s, 0xE=16384 S/s, 0xF=Undefined (defaults to 0x0)
	0x9

	0x14
V_B1
	6:0
	V_B1_ENA
	R/W
	Waveform enable:

1=Enable, 0=Disable

Bits:

0=V1DC, 1=V2DC, 2=V3DC,

3=V4DC, 4=V5DC, 5=V6DC, 6=VDC_AVG*
	0x3F

	
	11:7
	-
	-
	Unused
	-

	
	15:12
	V_B1_SPD
	R/W
	Speed select:

0=1 S/s, 1=2 S/s, 2=4 S/s, 3=8 S/s, 4=16 S/s, 5=32 S/s, 6=64 S/s, 7=128 S/s, 8=256 S/s, 9=512 S/s, 0xA=1024 S/s, 0xB=2048 S/s, 0xC=4096 S/s, 0xD=8192 S/s, 0xE=16384 S/s, 0xF=Undefined (defaults to 0x0)
	0x9

	0x15
SCM_B1
	2:0
	SCM_B1_ENA
	R/W
	Waveform enable:

1=Enable, 0=Disable

Bits:

0=SCMU, 1=SCMV, 2=SCMW
	0x7

	
	11:3
	-
	-
	Unused
	-

	
	15:12
	SCM_B1_SPD
	R/W
	Speed select:

0=1 S/s, 1=2 S/s, 2=4 S/s, 3=8 S/s, 4=16 S/s, 5=32 S/s, 6=64 S/s, 7=128 S/s, 8=256 S/s, 9=512 S/s, 0xA=1024 S/s, 0xB=2048 S/s, 0xC=4096 S/s, 0xD=8192 S/s, 0xE=16384 S/s, 0xF=Undefined (defaults to 0x0)
	0x9


*VDC_AVG, (V1dc+V2dc+V3dc+V4dc)/4,  implemented for ground testing. Not required in-flight.
Burst #2 Waveforms

	8-bit Cmd ID
	16-bit Command Information
	Read/

Write
	Description
	16-bit Cmd Information Nominal Value

	Address/ Mnemonic
	Bit
	Name
	
	
	

	0x16
E_B2
	9:0
	E_B2_ENA
	R/W
	Waveform enable:

1=Enable, 0=Disable

Bits:

0=E12DC, 1=E34DC, 2=E56DC,

3=E12AC, 4=E34AC, 5=E56AC,
6=EDCpar, 7=EDCprp,  8=EACpar, 9=EACprp
	0x38

	
	11:10
	-
	-
	Unused
	-

	
	15:12
	E_B2_SPD
	R/W
	Speed select:

0=1 S/s, 1=2 S/s, 2=4 S/s, 3=8 S/s, 4=16 S/s, 5=32 S/s, 6=64 S/s, 7=128 S/s, 8=256 S/s, 9=512 S/s, 0xA=1024 S/s, 0xB=2048 S/s, 0xC=4096 S/s, 0xD=8192 S/s, 0xE=16384 S/s, 
0xF=Undefined (defaults to 0x0)
	0xE

	0x17
V_B2
	5:0
	V_B2_ENA
	R/W
	Waveform enable:

1=Enable, 0=Disable

Bits:

0=V1AC, 1=V2AC, 2=V3AC,

3=V4AC, 4=V5AC, 5=V6AC
	0x3F

	
	11:6
	-
	-
	Unused
	-

	
	15:12
	V_B2_SPD
	R/W
	Speed select:

0=1 S/s, 1=2 S/s, 2=4 S/s, 3=8 S/s, 4=16 S/s, 5=32 S/s, 6=64 S/s, 7=128 S/s, 8=256 S/s, 9=512 S/s, 0xA=1024 S/s, 0xB=2048 S/s, 0xC=4096 S/s, 0xD=8192 S/s, 0xE=16384 S/s, 
0xF=Undefined (defaults to 0x0)
	0xE

	0x18
SCM_B2
	5:0
	SCM_B2_ENA
	R/W
	Waveform enable:

1=Enable, 0=Disable

Bits:

0=SCMU, 1=SCMV, 2=SCMW,

3=SCMpar, 4=SCMprp, 5=SCMprp2*
	0x7

	
	11:6
	-
	-
	Unused
	-

	
	15:12
	SCM_B2_SPD
	R/W
	Speed select:

0=1 S/s, 1=2 S/s, 2=4 S/s, 3=8 S/s, 4=16 S/s, 5=32 S/s, 6=64 S/s, 7=128 S/s, 8=256 S/s, 9=512 S/s, 0xA=1024 S/s, 0xB=2048 S/s, 0xC=4096 S/s, 0xD=8192 S/s, 0xE=16384 S/s, 
0xF=Undefined (defaults to 0x0)
	0xE


*SCMprp2 implemented for ground testing. Not required in-flight.
Internal Waveforms
	8-bit Cmd ID
	16-bit Command Information
	Read/

Write
	Description
	16-bit Cmd Information Nominal Value

	Address/ Mnemonic
	Bit
	Name
	
	
	

	0x19
SVY_INT
	11:0
	SVY_INT_ENA
	R/W
	Waveform enable:

1=Enable, 0=Disable

Bits:

0=V1DC, 1=V2DC, 2=V3DC, 3=V4DC, 4=V5DC, 5=V6DC, 6=E12DC, 7=MAGU, 8=E34DC, 9=MAGV, 10=E56DC, 11=MAGW
	0xFFF

	
	15:12
	SVY_INT_SPD
	R/W
	Speed select:

0=1 S/s, 1=2 S/s, 2=4 S/s, 3=8 S/s, 4=16 S/s, 5=32 S/s, 6=64 S/s, 7=128 S/s, 8=256 S/s, 9=512 S/s, 0xA=1024 S/s, 0xB=2048 S/s, 0xC=4096 S/s, 0xD=8192 S/s, 0xE=16384 S/s, 
0xF=Undefined (defaults to 0x0)
	0x5


Deleted

Spectra Registers
The DFB FPGA provides seven spectral processors, each of which is configured via its own register. SPEC1 is configured by address 0x30, SPEC2 with 0x31, and so forth, through SPEC7 with address 0x36. Following is a description of the configuration register for a single spectral processor.  The register format for the other processors is similar except for the address offset and the fact that a single frequency binning configuration, averaging quantity, and cadence is allowed for all of the processors.
Note: SPEC 1 (0x30) must be configured such that NCAD ≥ NAVG in order to have valid science. When NAVG < NCAD, the averaged FFTs will be the number selected taken at the start of the cadence period. Once the number selected have been collected, FFT collection stops until the start of the next collection period. In addition, NAVGspec ≥ NAVGxspec for valid data. In summary:

For valid data, the following is required: NCAD ≥ NAVGspec ≥ NAVGxspec, whether or not XSPEC is enabled.
	8-bit Cmd ID
	16-bit Command Information
	Read/

Write
	Description
	16-bit Cmd Information Nominal Value

	Address/Mnemonic
	Bit
	Name
	
	
	

	0x30-0x36

0X30

SPEC1

0X31

SPEC2

0X32

SPEC3

0X33

SPEC4

0X34

SPEC5

0X35

SPEC6

0X36

SPEC7
	4:0
	SPEC_SRC
	R/W
	Source select:

0=E12dc, 1=E34dc, 2=E56dc, 

3=E12ac, 4=E34ac, 5=E56ac, 
6=Edcpar, 7=Edcprp, 
8=Eacpar, 9=Eacprp, 

0xA=V1ac, 0xB=V2ac, 0xC=V3ac, 

0xD=V4ac, 0xE=V5ac, 0xF=V6ac,

0x10=SCMU, 0x11=SCMV, 0x12=SCMW, 
0x13=SCMpar, 0x14=SCMprp, 0x15=SCMprp2, 0x16=(V1dc+V2dc+V3dc+V4dc)/4,

0x17-0x18=Undefined (defaults to 0x3 for 0x30, 0x12 for 0x31-36)
	See 5.2.1.10.1.

	
	5
	SPEC_ENA
	R/W
	Spectra enable:

1=Enable, 0=Disable

	See 5.2.1.10.1

	
	7:6
	SPEC_BIN
	R/W
	Selects the number of frequency bins inserted into the telemetry stream:

0=36, 1=64, 2=112, 3 = Undefined (defaults to 0x1)
Note: this field is only valid for address 0x30 which controls the frequency bins for all spectral processors.
	See 5.2.1.10.1

	
	11:8
	SPEC_NAVG
	R/W
	Number of 2048-point FFTs to average in each period defined by NCAD1:

0=1, 1=2, 2=4, 3=8, 4=16, 5=32, 6=64, 7=128, 8=256, 9=512, 0xA=1024, 

0xB-0xF=Undefined (defaults to 0x3)

Note: this field is only valid for address 0x30 which controls averaging for all spectral processors.
	See 5.2.1.10.1

	
	15:12
	SPEC_NCAD
	R/W
	Number of 2048-point FFTs in a reporting period (defines cadence of transmission)2:

0=1, 1=2, 2=4, 3=8, 4=16, 5=32, 6=64, 7=128, 8=256, 9=512, 0XA=1024, 

0xB-0xF =Undefined (defaults to 0x6)
Note: this field is only valid for address 0x30 which controls the cadence for all spectral and cross-spectral processors.
	See 5.2.1.10.1


1To find SPEC_NAVG, sampling duration, in seconds: using a 16,384Hz sampling rate and 2048-pt FFTs, there are 8 FFTs per second: 
[image: image3.wmf], 
e.g. SPEC_NAVG=3: 
[image: image4.wmf].

	Selection
	# FFTs to Average
	Sampling duration, sec

	0
	1
	1/8

	1
	2
	1/4

	2
	4
	1/2

	3
	8
	1

	4
	16
	2

	5
	32
	4

	6
	64
	8

	7
	128
	16

	8
	256
	32

	9
	512
	64

	0xA
	1024
	128


2For reporting period (SPEC_NCAD)  in samples/second:
[image: image5.wmf], 
e.g. for SPEC_NCAD=6: 
[image: image6.wmf].
	Selection 
	# FFTs in a reporting period
	Reporting rate, samples/sec

	0
	1
	8        

	1
	2
	4        

	2
	4
	2        

	3
	8
	1        

	4
	16
	   1/2  

	5
	32
	   1/4  

	6
	64
	   1/8  

	7
	128
	   1/16 

	8
	256
	   1/32 

	9
	512
	   1/64 

	0xA
	1024
	   1/128


Spectra Nominal Values
	8-bit Cmd ID
	16-bit Command Information
	Read/

Write
	Description
	16-bit Cmd Information Nominal Value

	Address/ Mnemonic
	Bit
	Name
	
	
	

	0x30
SPEC1
	4:0
	SPEC_SRC
	R/W
	SPEC1: E12AC
	0x3

	
	5
	SPEC_ENA
	R/W
	Enabled
	0x1

	
	7:6
	SPEC_BIN
	R/W
	Report 64 frequency bins
	0x1

	
	11:8
	SPEC_NAVG
	R/W
	Average 8 FFTs per period.
	0x3

	
	15:12
	SPEC_NCAD
	R/W
	Report every 64 FFTs (8 sec).
	0x6

	
	
	
	
	
	

	0x31 

SPEC2
	4:0
	SPEC_SRC
	R/W
	SPEC2: E56AC
	0x5

	
	5
	SPEC_ENA
	R/W
	Enabled
	0x1

	
	7:6
	SPEC_BIN
	R/W
	Uses address 0x30 value (64 freq bins)
	N/A

	
	11:8
	SPEC_NAVG
	R/W
	Uses address 0x30 value (8 FFTs)
	N/A

	
	15:12
	SPEC_NCAD
	R/W
	Uses address 0x30 value (64 FFTs)
	N/A

	
	
	
	
	
	

	0x32 

SPEC3
	4:0
	SPEC_SRC
	R/W
	SPEC3: SCMpar
	0x13

	
	5
	SPEC_ENA
	R/W
	Enabled
	0x1

	
	7:6
	SPEC_BIN
	R/W
	Uses address 0x30 value (64 freq bins)
	N/A

	
	11:8
	SPEC_NAVG
	R/W
	Uses address 0x30 value (8 FFTs)
	N/A

	
	15:12
	SPEC_NCAD
	R/W
	Uses address 0x30 value (64 FFTs)
	N/A

	
	
	
	
	
	

	0x33 

SPEC4
	4:0
	SPEC_SRC
	R/W
	SPEC4: SCMprp
	0x14

	
	5
	SPEC_ENA
	R/W
	Enabled
	0x1

	
	7:6
	SPEC_BIN
	R/W
	Uses address 0x30 value (64 freq bins)
	N/A

	
	11:8
	SPEC_NAVG
	R/W
	Uses address 0x30 value (8 FFTs)
	N/A

	
	15:12
	SPEC_NCAD
	R/W
	Uses address 0x30 value (64 FFTs)
	N/A

	
	
	
	
	
	

	0x34 

SPEC5
	4:0
	SPEC_SRC
	R/W
	SPEC5: SCMW
	0x12

	
	5
	SPEC_ENA
	R/W
	Enabled
	0x1

	
	7:6
	SPEC_BIN
	R/W
	Uses address 0x30 value (64 freq bins)
	N/A

	
	11:8
	SPEC_NAVG
	R/W
	Uses address 0x30 value (8 FFTs)
	N/A

	
	15:12
	SPEC_NCAD
	R/W
	Uses address 0x30 value (64 FFTs)
	N/A

	
	
	
	
	
	

	0x35 

SPEC6
	4:0
	SPEC_SRC
	R/W
	SPEC6: V1AC
	0xA

	
	5
	SPEC_ENA
	R/W
	Enabled
	0x1

	
	7:6
	SPEC_BIN
	R/W
	Uses address 0x30 value (64 freq bins)
	N/A

	
	11:8
	SPEC_NAVG
	R/W
	Uses address 0x30 value (8 FFTs)
	N/A

	
	15:12
	SPEC_NCAD
	R/W
	Uses address 0x30 value (64 FFTs)
	N/A

	
	
	
	
	
	

	0x36 

SPEC7
	4:0
	SPEC_SRC
	R/W
	SPEC7: V2AC
	0xB

	
	5
	SPEC_ENA
	R/W
	Enabled
	0x1

	
	7:6
	SPEC_BIN
	R/W
	Uses address 0x30 value (64 freq bins)
	N/A

	
	11:8
	SPEC_NAVG
	R/W
	Uses address 0x30 value (8 FFTs)
	N/A

	
	15:12
	SPEC_NCAD
	R/W
	Uses address 0x30 value (64 FFTs)
	N/A


Cross-Spectra Registers

The DFB FPGA provides four cross-spectral processors, each of which is configured via its own register.  Following is a description of the configuration register for a single cross-spectral processor.  The register format for the other processors is similar except for the address offset and the fact that a single number of FFTs to average per cross-spectra is defined by 0x38. 
For all cross-spectra, the period cadence is defined by command 0x30 (SPEC1).

As indicated in the SPEC section previous, for valid data, the following is required: NCAD ≥ NAVGspec ≥ NAVGxspec, whether or not XSPEC is enabled.
	8-bit Cmd ID
	16-bit Command Information
	Read/

Write
	Description
	16-bit Cmd Information Nominal Value

	Address/ Mnemonic
	Bit
	Name
	
	
	

	0x38-0x3B
0X38

XSPEC1

0X39 

XSPEC2

0X3A 

XSPEC3

0X3B 

XSPEC4


	2:0
	XSPEC_SRC1
	R/W
	Source select1:

0=SPEC1, 1=SPEC2, 2=SPEC3,

3=SPEC4, 4=SPEC5, 5=SPEC6,

6=SPEC7, 7=Undefined (defaults to 0x4, SPEC5 for 0x38, 0x5, SPEC6, for 0x39-3B)
	See 5.2.1.11.1.

	
	5:3
	XSPEC_SRC2
	R/W
	Source select1:

0=SPEC1, 1=SPEC2, 2=SPEC3,

3=SPEC4, 4=SPEC5, 5=SPEC6,

6=SPEC7, 7= Undefined (defaults to 0x0, SPEC1 for 0x38, 0x6, SPEC7, for 0x39-3B)
	See 5.2.1.11.1.

	
	6
	XSPEC_ENA
	R/W
	Spectra enable:

1=Enable, 0=Disable
	See 5.2.1.11.1.

	
	7
	-
	-
	Unused
	-

	
	11:8
	XSPEC_NAVG
	R/W
	Number of 2048-point FFTs to average in each period defined by NCAD2,3:

0=1, 1=2, 2=4, 3=8, 4=16, 5=32, 6=64, 7=128, 8=256, 9=512, 0xA=1024, 0xB-0xF =Undefined (defaults to 0x3)

This field is only valid for address 0x38 which controls averaging for all cross-spectral processors.
	See 5.2.1.11.1.

	
	15:12
	-
	-
	Unused
	-

	
	
	
	
	
	


1 XSPEC_SRC1 and XSPEC_SRC2 are SPEC quantities defined by addresses 0x30-0x37: 

SPEC1 = SPEC configured with address 0x30
SPEC2 = SPEC configured with address 0x31

SPEC3 = SPEC configured with address 0x32
SPEC4 = SPEC configured with address 0x33

SPEC5 = SPEC configured with address 0x34
SPEC6 = SPEC configured with address 0x35

SPEC7 = SPEC configured with address 0x36
SPEC8 = SPEC configured with address 0x37

2 To find sampling duration in seconds: using a 16,384Hz sampling rate and 2048-pt FFTs, there are 8 FFTs per second: 
[image: image7.wmf], e.g. XSPEC_NAVG=3: 
[image: image8.wmf].
3 For valid data, must set XSPEC_NAVG ≤ SPEC_NAVG
Cross-Spectra Nominal Values

	8-bit Cmd ID
	16-bit Command Information
	Read/

Write
	Description
	16-bit Cmd Information Nominal Value

	Address/ Mnemonic
	Bit
	Name
	
	
	

	0x38
XSPEC1
	2:0
	XSPEC_SRC1
	R/W
	SCMW (SPEC5)
	0x4

	
	5:3
	XSPEC_SRC2
	R/W
	E12AC (SPEC1)
	0x0

	
	6
	XSPEC_ENA
	R/W
	Enabled
	0x1

	
	7
	-
	-
	Unused
	-

	
	11:8
	XSPEC_NAVG
	R/W
	Average 8 FFTs per period.
	0x3

	
	15:12
	-
	-
	Unused
	-

	
	
	
	
	
	

	0x39
XSPEC2
	2:0
	XSPEC_SRC1
	R/W
	V1AC (SPEC6)
	0x5

	
	5:3
	XSPEC_SRC2
	R/W
	V2AC (SPEC7)
	0x6

	
	6
	XSPEC_ENA
	R/W
	Enabled
	0x1

	
	7
	-
	-
	Unused
	-

	
	11:8
	XSPEC_NAVG
	R/W
	Uses address 0x38 value (8 FFTs)
	N/A

	
	15:12
	-
	-
	Unused
	-

	
	
	
	
	
	

	0x3A
XSPEC3
	2:0
	XSPEC_SRC1
	R/W
	none selected
	0x0

	
	5:3
	XSPEC_SRC2
	R/W
	none selected
	0x0

	
	6
	XSPEC_ENA
	R/W
	Disabled
	0x0

	
	7
	-
	-
	Unused
	-

	
	11:8
	XSPEC_NAVG
	R/W
	Uses address 0x38 value (8 FFTs)
	N/A

	
	15:12
	-
	-
	Unused
	-

	
	
	
	
	
	

	0x3B
XSPEC4
	2:0
	XSPEC_SRC1
	R/W
	none selected
	0x0

	
	5:3
	XSPEC_SRC2
	R/W
	none selected
	0x0

	
	6
	XSPEC_ENA
	R/W
	Disabled
	0x0

	
	7
	-
	-
	Unused
	-

	
	11:8
	XSPEC_NAVG
	R/W
	Uses address 0x38 value (8 FFTs)
	N/A

	
	15:12
	-
	-
	Unused
	-


Field Alignment Processor Registers

Electric Field Registers
Note that registers 0x40, 0x44, 0x48, 0x54, 0x55, 0x56, 0x5C, 0x5D, 0x5E are not reset to 0 at power up in order to produce a unity matrix for E_B matrix and a unity gain for the EDC and EAC gains. The far right column represents both reset and nominal values. 

	8-bit Cmd ID
	16-bit Command Information
	Read/

Write
	Description
	16-bit Cmd Information Reset& Nominal Value

	Address
	Bit
	Name/Mnemonic
	
	
	

	0x40
	15:0
	E_B_MATRIX_11[15:0]
	R/W
	9-element rotation matrix to align the B coordinate system to the E coordinate system.  Elements are labeled with subscripts ij where i=row, j=col.

- twos complement representation

E B_MATRIX_xx range = -1 to 1*
	0x7FFF

	0x41
	15:0
	E_B_MATRIX_12[15:0]
	R/W
	
	0

	0x42
	15:0
	E_B_MATRIX_13[15:0]
	R/W
	
	0

	0x43
	15:0
	E_B_MATRIX_21[15:0]
	R/W
	
	0

	0x44
	15:0
	E_B_MATRIX_22[15:0]
	R/W
	
	0x7FFF

	0x45
	15:0
	E_B_MATRIX_23[15:0]
	R/W
	
	0

	0x46
	15:0
	E_B_MATRIX_31[15:0]
	R/W
	
	0

	0x47
	15:0
	E_B_MATRIX_32[15:0]
	R/W
	
	0

	0x48
	15:0
	E_B_MATRIX_33[15:0]
	R/W
	
	0x0 (reset)

0x7FFF (nominal)

	

	0x50
	15:0
	EDC_X_OFFSET[15:0]
	R/W
	Offsets for DC-coupled E field data:

- twos complement representation

- offsets are subtracted from E
	0

	0x51
	15:0
	EDC_Y_OFFSET[15:0]
	R/W
	
	0

	0x52
	15:0
	EDC_Z_OFFSET[15:0]
	R/W
	
	0

	

	0x54
	15:0
	EDC_X_GAIN[15:0]
	R/W
	Gains for DC-coupled E field data:

- twos complement representation

- gain range = -1 to 1
	0x7FFF

	0x55
	15:0
	EDC_Y_GAIN[15:0]
	R/W
	
	0x7FFF 

	0x56
	15:0
	EDC_Z_GAIN[15:0]
	R/W
	
	0x7FFF

	

	0x58
	15:0
	EAC_X_OFFSET[15:0]
	R/W
	Offsets for AC-coupled E field data:

- twos complement representation

- offsets are subtracted from E.
	0

	0x59
	15:0
	EAC_Y_OFFSET[15:0]
	R/W
	
	0

	0x5A
	15:0
	EAC_Z_OFFSET[15:0]
	R/W
	
	0

	

	0x5C
	15:0
	EAC_X_GAIN[15:0]
	R/W
	Gains for AC-coupled E field data:

- twos complement representation

- gain range = -1 to 1
	0x7FFF

	0x5D
	15:0
	EAC_Y_GAIN[15:0]
	R/W
	
	0x7FFF

	0x5E
	15:0
	EAC_Z_GAIN[15:0]
	R/W
	
	0x7FFF


* E_B_MATRIX_XX is a scaled two's complement number where 215= -1 and 215-1 = 1. 
Numbers between 215 and 215-1 scale linearly between -1 and 1.  

Magnetic Field Registers
Note that registers 0x60, 0x64, 0x68, 0x74, 0x75 and 0x76 are not reset to 0 at power up in order to produce a unity matrix for S_B matrix and a unity gain for the S gains. The far right column represents both reset and nominal values. 

	8-bit Cmd ID
	16-bit Command Information
	Read/

Write
	Description
	16-bit Cmd Information Reset &Nominal Value

	Address
	Bit
	Name/Mnemonic
	
	
	

	0x60
	15:0
	S_B_MATRIX_11[15:0]
	R/W
	9-element rotation matrix to align the B coordinate system to the S coordinate system.  Elements are labeled with subscripts ij where i=row, j=col.

- twos complement representation

- S_B_MATRIX_xx range = -1 to 1*
	0x7FFF

	0x61
	15:0
	S_B_MATRIX_12[15:0]
	R/W
	
	0

	0x62
	15:0
	S_B_MATRIX_13[15:0]
	R/W
	
	0

	0x63
	15:0
	S_B_MATRIX_21[15:0]
	R/W
	
	0

	0x64
	15:0
	S_B_MATRIX_22[15:0]
	R/W
	
	0x7FFF

	0x65
	15:0
	S_B_MATRIX_23[15:0]
	R/W
	
	0

	0x66
	15:0
	S_B_MATRIX_31[15:0]
	R/W
	
	0

	0x67
	15:0
	S_B_MATRIX_32[15:0]
	R/W
	
	0

	0x68
	15:0
	S_B_MATRIX_33[15:0]
	R/W
	
	0x7FFF

	

	0x70
	15:0
	S_X_OFFSET[15:0]
	R/W
	Offsets for S data:

- twos complement representation

- offsets are subtracted from S.
	0

	0x71
	15:0
	S_Y_OFFSET[15:0]
	R/W
	
	0

	0x72
	15:0
	S_Z_OFFSET[15:0]
	R/W
	
	0

	

	0x74
	15:0
	S_X_GAIN[15:0]
	R/W
	Gains for S data:

- twos complement representation

- gain range = -1 to 1
	0x7FFF

	0x75
	15:0
	S_Y_GAIN[15:0]
	R/W
	
	0x7FFF

	0x76
	15:0
	S_Z_GAIN[15:0]
	R/W
	
	0x7FFF

	

	0x79
	15:0
	B_X_OFFSET[15:0]
	R/W
	Offsets for MAG data:

- twos complement representation

- offsets are subtracted from S.
	0

	0x7A
	15:0
	B_Y_OFFSET[15:0]
	R/W
	
	0

	0x7B
	15:0
	B_Z_OFFSET[15:0]
	R/W
	
	0


* S_B_MATRIX_XX is a scaled two's complement number where 215= -1 and 215-1 = 1. Numbers between 215 and 215-1 scale linearly between -1 and 1.  
Field Alignment Processor Configuration Register

Note that register 0x78, FAP, is not reset to 0 at power up. Instead, the field alignment for SCM signals is enabled. The far right column represents both reset and nominal values. 

	8-bit Cmd ID
	16-bit Command Information
	Read/

Write
	Description
	16-bit Cmd Information Reset& Nominal Value

	Address/

Mnemonic
	Bit
	Name
	
	
	

	0x78
FAP
	0
	FAP_SCM_ENABLE
	R/W
	1 = enable field alignment for SCM signals
	0x1

	
	1
	FAP_EDC_ENABLE
	R/W
	1 = enable field alignment for DC coupled E signals
	0x0

	
	2
	FAP_EAC_ENABLE
	R/W
	1 = enable field alignment for AC coupled E signals
	0x0

	
	3
	EAC_OFFSET_SEL
	R/W
	0 = Use commanded DC offsets for EAC offsets

1 = Use calculated (low-pass) DC offsets for EAC offsets
	0x0

	
	15:4
	-
	-
	Unused
	0x0


DFB Synchronization with Super PPS

The following command is used to synchronize data products whose rate spans more than 1 second. The DFB FPGA will look for write access on Register 0x3F and act on the write access rather than any particular value written to the register. When the DFB FPGA sees that write access, it will use the next 1-PPS as a Super-PPS and resync all data products. 

The Super PPS should occur at a rate equal or greater to all the reporting periods for SPEC, XSPEC, Triggers (FB and FB_INT), and SWD to allow time for these data products to complete processing.

	8-bit Cmd ID
	16-bit Command Information
	Read/

Write
	Description
	16-bit Cmd Information Nominal Value

	Address
	Bit
	Name/Mnemonic
	
	
	

	0x3F
	15:0
	SUPER_PPS
	R/W
	When register is written to, the following 1 PPS will also be a Super-PPS.
Read of address returns 0.
	-


5.3 Telemetry

Data are sent to the DCB from the DFB. Data packets are 24-bits wide and are sent synchronously with the rising edge of the DFB_CLK. All signal polarities are measured on the backplane. Telemetry data is transmitted by the DFB at various rates depending on operational modes and configurations, up to a theoretical maximum of 512 kwords/sec. Data are transmitted in parallel over TLM_0 and TLM_1. To avoid any data sequence ambiguity, transmissions operate on 32-bit slots, with the transmissions of TLM_0 and TLM_1 offset by 16 clocks. This guarantees that the DFB shall never transmit the same APID on the two TLM-lines simultaneously and produces a very deterministic data stream. 
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Figure 4. Serial Telemetry Timing

The 8 most significant bits are the data identification (DATA_ID) as defined in the tables below, and the remaining16-bits are the value of the variable indicated by the DATA_ID.  The 24-bit data are sent MSB first preceded by a start bit and followed by a parity bit then by a stop bit. The parity bit is odd and includes the parity bit and the 24 data bits but not the start bit so that a data packet with all 24 bits zero would have the parity bit on.  Figure 5 illustrates the telemetry data format.

	
	23
	…
	18
	17
	16
	15
	…
	2
	1
	0
	P
	

	Start bit (1)
	8-bit Data Identification

MSB
	16-bit Data Value

LSB
	Parity Bit (odd)
	Stop Bit (0)


Figure 5. DFB data format.

Compression

The DFB performs compression on Filter Bank, Spectra and Cross-Spectra prior to telemetering data. Each are described below.

Filter Bank (0x41 and 0x42, Internal and External)
The Filter Bank (APID 0x41) telemetry uses a 19-to-8 bit compression algorithm:

	Bit
	7
	6
	5
	4
	3
	2
	1
	0

	
	E
	E
	E
	E
	M
	M
	M
	M
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	Exponent
	Mantissa


When the exponent (EEEE) is zero, the uncompressed value is simply the mantissa, MMMM. 

When the exponent (EEEE) is non-zero, an upper bit is added to the mantissa (mantissa = 1MMMM) and the uncompressed value is found through the following equation: 

Value= 1MMMM x 2EEEE-1
Spectra

The Spectra (APID 0x4E) telemetry uses a 34-to-8 bit compression algorithm. Shown here are two 8-bit compressed values, concatenated as is reported to the DCB (see FFT packet format, section 5.3.4.2):

	
	Bin N+1: P = R2 + I2
	Bin N: P = R2 + I2

	Bit
	15
	14
	13
	12
	11
	10
	9
	8
	7
	6
	5
	4
	3
	2
	1
	0

	
	E
	E
	E
	E
	E
	M
	M
	M
	E
	E
	E
	E
	E
	M
	M
	M
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	Exponent
	Mantissa
	Exponent
	Mantissa


When the exponent (EEEEE) is zero, the uncompressed value is simply the mantissa, MMM. 

When the exponent (EEEEE) is non-zero, an upper bit is added to the mantissa (mantissa = 1MMM) and the uncompressed value is found through the following equation: 

Value= 1MMM x 2EEEEE-1

Cross-Spectra
The Cross-Spectra (APID 0x4F) telemetry uses a combination of compression algorithms.

A single cross-spectra is transmitted in 3 groups of data packets. The first and second data packet groups  contain spectra data on for each of the cross-spectra components, PXSPEC_SRC1 (R2XSPEC_SRC1 + I2XSPEC_SRC1) and PXSPEC_SRC2 (R2XSPEC_SRC2 + I2XSPEC_SRC2), respectively.

The third data packet group contains Rc (RXSPEC_SRC1RXSPEC_SRC2 + IXSPEC_SRC1IXSPEC_SRC2) and Ic (RXSPEC_SRC1IXSPEC_SRC2 -RXSPEC_SRC2IXSPEC_SRC1), with the compression algorithm described below. Each Rc and Ic are 16 bits, and are ordered as shown in Table 9 where Bin 0 Rc is followed by Bin 0 Ic, then Bin 1 Rc followed by Bin 1 Rc, and so forth through Bin N Rc followed by Bin N Ic.
The first and second data packet set use the same compression algorithm as the spectra data. Shown here are two 8-bit compressed values, concatenated as is reported to the DCB (see FFT packet format, section 5.3.4.2):: 

	
	Bin N+1: PXSPEC_SRC1 = R2XSPEC_SRC1 + I2XSPEC_SRC1
	Bin N: PXSPEC_SRC1 = R2XSPEC_SRC1 + I2XSPEC_SRC1

	Bit
	15
	14
	13
	12
	11
	10
	9
	8
	7
	6
	5
	4
	3
	2
	1
	0

	
	E
	E
	E
	E
	E
	M
	M
	M
	E
	E
	E
	E
	E
	M
	M
	M
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	Exponent
	Mantissa
	Exponent
	Mantissa


For each datum, when its exponent (EEEEE) is zero, the uncompressed value is simply its mantissa, MMM. 

For each datum, when its exponent (EEEEE) is non-zero, an upper bit is added to its mantissa (mantissa = 1MMM) and its uncompressed value is found through the following equation: 

Value= 1MMM x 2EEEEE-1

The third data packet set uses an algorithms similar to previously presented algorithms, with exception to the sign bit that is present as Cross-Spectra are signed values:

	
	Rc

RXSPEC_SRC1RXSPEC_SRC2 + IXSPEC_SRC1IXSPEC_SRC2

	Bit
	15
	14
	13
	12
	11
	10
	9
	8
	7
	6
	5
	4
	3
	2
	1
	0

	
	S
	E
	E
	E
	E
	E
	M
	M
	M
	M
	M
	M
	M
	M
	M
	M
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	Sign
	Exponent
	Mantissa


	
	Ic

RXSPEC_SRC1IXSPEC_SRC2 -RXSPEC_SRC2IXSPEC_SRC1

	Bit
	15
	14
	13
	12
	11
	10
	9
	8
	7
	6
	5
	4
	3
	2
	1
	0

	
	S
	E
	E
	E
	E
	E
	M
	M
	M
	M
	M
	M
	M
	M
	M
	M
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	Sign
	Exponent
	Mantissa


For each datum, when its exponent (EEEEE) is zero, the uncompressed value is simply its mantissa, MMMMMMMMMM. 

For each datum, when its exponent (EEEEE) is non-zero, an upper bit is added to its mantissa (mantissa = 1MMMMMMMMMM) and its uncompressed value is found through the following equation: 

Value= S1MMMMMMMMMM x 2EEEEE-1

When S=0, Value is positive. When S=1, Value is negative.

Deleted 

Synchronization

The DFB will synch to the 1 PPS and Super-PPS signals from the DCB. Following the 1 PPS signal, the DFB will start at the beginning of the data product series and proceed to telemeter data products for the that second. The order of the APIDs is variable. The Super-PPS is used to resync the processing of the data products where a single product spans over one second. When configured, the processing of the data products begin on the next 1 PPS and the Super-PPS may be used to resync.

To maintain synchronization between the DFB and the DCB, the DFB must drive the telemetry lines low for 32 consecutive clock cycles at least once every second. Nominally, the DCB synchronizes both telemetry streams independently by finding the first non-zero bit (START bit) and verifies synchronization by the presence of a zero-value STOP bit. After a reset or loss of synchronization, the DCB can look for 25 consecutive zero-level bits before starting to look for a start bit to avoid incorrect interpretation of a transfer in progress. 
APIDs

The DFB uses APIDs in the range of 0x40 to 0x4F. Packets are sent to the DCB with an APID identifier followed by a single data point. Each packet type can have several different data points that must be transferred (e.g. FB, 0x41 has several frequency bands to transfer, E_SVY, 0x43, has three components to transfer). The APID is used to tell what packet type is being sent, and to tell what type of data point is being sent, all data requested for that APID is sent serially in a pre-determined order (see Table 26, Table 27, Table 28, and Table 29). 

Table 4. APID Assignments for data produced by the DFB.
	APID
	Packet Name
	Category
	Type

	0x40
	HSKP
	Housekeeping 
	Housekeeping 

	0x41
	FB
	Survey Data
	Filter Bank

	0x42
	FB_INT
	Burst Trigger
	Internal Filter Bank

	0x43
	E_SVY
	Survey Data
	Survey Waveforms

	0x44
	V_SVY
	Survey Data
	Survey Waveforms

	0x45
	MAG_SVY
	Survey Data
	Waveforms, Magnetometer Backup

	0x46
	E_B1
	Burst 1
	Burst #1 Waveforms (Low Rate)

	0x47
	V_B1
	Burst 1
	Burst #1 Waveforms (Low Rate)

	0x48
	SCM_B1
	Burst 1
	Burst #1 Waveforms (Low Rate)

	0x49
	E_B2
	Burst 2
	Burst #2 Waveforms (High Rate)

	0x4A
	V_B2
	Burst 2
	Burst #2 Waveforms (High Rate)

	0x4B
	SCM_B2
	Burst 2
	Burst #2 Waveforms (High Rate)

	0x4C
	SVY_INT
	Internal Survey Data
	Internal Waveforms

	0x4D
	Deleted
	
	

	0x4E
	SPEC
	Survey Data FFTs
	Spectra

	0x4F
	XSPEC
	Survey Data FFTs
	Cross Spectra


Telemetry Packet Definition

Below are the telemetry packet definitions (bits 23 to 0) for all telemetry produced by the DFB, in the format sent from the DFB FPGA. These do not necessarily represent the format of packets telemetered by the EFW FSW.

Waveforms

Table 5. E_SVY APID 0x43 telemetry packet definition (Bits 23:0)
	Data Product
	23 … 16
	15…8
	7…0

	E12S
	01000011bin
	16-bit survey data

	E34S
	01000011bin
	16-bit survey data

	E56S
	01000011bin
	16-bit survey data


Table 6. V_SVY APID 0x44 telemetry packet definition (Bits 23:0)
	Data Product
	23 … 16
	15…8
	7…0

	V1S
	01000100bin
	16-bit survey data

	V2S
	01000100bin
	16-bit survey data

	V3S
	01000100bin
	16-bit survey data

	V4S
	01000100bin
	16-bit survey data

	V5S
	01000100bin
	16-bit survey data

	V6S
	01000100bin
	16-bit survey data

	VDC_AVG
	01000100bin
	16-bit survey data


Table 7. MAG_SVY APID 0x45 telemetry packet definition (Bits 23:0)
	Data Product
	23 … 16
	15…8
	7…0

	MAGU
	01000101bin
	16-bit survey data

	MAGV
	01000101bin
	16-bit survey data

	MAGW
	01000101bin
	16-bit survey data


FFTs
The Spectra and Cross-Spectra packet definitions are dependent on the SPEC_BIN parameter defined in Section Spectra Registers which defines the number of bins.

Data provided in bits 15:0 in the FFT telemetry packets implement pseudo-logarithmic compression algorithms. For the Spectra, each 8-bit datum shown in Table 8 is compressed as described in Section 5.3.1.2. For the Cross-spectra, compression depends on whether the data are of the type P, Ic or Rc. and are defined in Section  5.3.1.3
Table 8. SPEC APID 0x4E telemetry packet definition (Bits 23:0)
	Data Product
	23 … 16
	15…8
	7…0
	SPEC_BIN setting (Number of bins)

	
	
	
	
	0 (36)
	1 (64)
	2 (112)

	SPEC1
	01001110bin
	Bin 1
	Bin 0
	Telemetered: 18 data words
	Telemetered: 32 data words

	Telemetered: 56 data words

	
	01001110bin
	Bin 3
	Bin 2
	
	
	

	
	01001110bin
	Bin 5
	Bin 4
	
	
	

	
	01001110bin
	Bin 7
	Bin 6
	
	
	

	
	01001110bin
	Bin 9
	Bin 8
	
	
	

	
	01001110bin
	Bin 11
	Bin 10
	
	
	

	
	01001110bin
	Bin 13
	Bin 12
	
	
	

	
	01001110bin
	Bin 15
	Bin 14
	
	
	

	
	01001110bin
	Bin 17
	Bin 16
	
	
	

	
	01001110bin
	Bin 19
	Bin 18
	
	
	

	
	01001110bin
	Bin 21
	Bin 20
	
	
	

	
	01001110bin
	Bin 23
	Bin 22
	
	
	

	
	01001110bin
	Bin 25
	Bin 24
	
	
	

	
	01001110bin
	Bin 27
	Bin 26
	
	
	

	
	01001110bin
	Bin 29
	Bin 28
	
	
	

	
	01001110bin
	Bin 31
	Bin 30
	
	
	

	
	01001110bin
	Bin 33
	Bin 32
	
	
	

	
	01001110bin
	Bin 35
	Bin 34
	
	
	

	
	01001110bin
	Bin 37
	Bin 36
	NOT telemetered
	
	

	
	01001110bin
	Bin 39
	Bin 38
	
	
	

	
	01001110bin
	Bin 41
	Bin 40
	
	
	

	
	01001110bin
	Bin 43
	Bin 42
	
	
	

	
	01001110bin
	Bin 45
	Bin 44
	
	
	

	
	01001110bin
	Bin 47
	Bin 46
	
	
	

	
	01001110bin
	Bin 49
	Bin 48
	
	
	

	
	01001110bin
	Bin 51
	Bin 50
	
	
	

	
	01001110bin
	Bin 53
	Bin 52
	
	
	

	
	01001110bin
	Bin 55
	Bin 54
	
	
	

	
	01001110bin
	Bin 57
	Bin 56
	
	
	

	
	01001110bin
	Bin 59
	Bin 58
	
	
	

	
	01001110bin
	Bin 61
	Bin 60
	
	
	

	
	01001110bin
	Bin 63
	Bin 62
	
	
	

	
	01001110bin
	Bin 65
	Bin 64
	
	NOT telemetered
	

	
	01001110bin
	Bin 67
	Bin 66
	
	
	

	
	01001110bin
	Bin 69
	Bin 68
	
	
	

	
	01001110bin
	Bin 71
	Bin 70
	
	
	

	
	01001110bin
	Bin 73
	Bin 72
	
	
	

	
	01001110bin
	Bin 75
	Bin 74
	
	
	

	
	01001110bin
	Bin 77
	Bin 76
	
	
	

	
	01001110bin
	Bin 79
	Bin 78
	
	
	

	
	01001110bin
	Bin 81
	Bin 80
	
	
	

	
	01001110bin
	Bin 83
	Bin 82
	
	
	

	
	01001110bin
	Bin 85
	Bin 84
	
	
	

	
	01001110bin
	Bin 87
	Bin 86
	
	
	

	
	01001110bin
	Bin 89
	Bin 88
	
	
	

	
	01001110bin
	Bin 91
	Bin 90
	
	
	

	
	01001110bin
	Bin 93
	Bin 92
	
	
	

	
	01001110bin
	Bin 95
	Bin 94
	
	
	

	
	01001110bin
	Bin 97
	Bin 96
	
	
	

	
	01001110bin
	Bin 99
	Bin 98
	
	
	

	
	01001110bin
	Bin 101
	Bin 100
	
	
	

	
	01001110bin
	Bin 103
	Bin 102
	
	
	

	
	01001110bin
	Bin 105
	Bin 104
	
	
	

	
	01001110bin
	Bin 107
	Bin 106
	
	
	

	
	01001110bin
	Bin 109
	Bin 108
	
	
	

	
	01001110bin
	Bin 111
	Bin 110
	
	
	

	SPEC2
	01001110bin
	Same format as SPEC1
	18 data words
	32 data words
	56 data words

	SPEC3
	01001110bin
	Same format as SPEC1
	18 data words
	32 data words
	56 data words

	SPEC4
	01001110bin
	Same format as SPEC1
	18 data words
	32 data words
	56 data words

	SPEC5
	01001110bin
	Same format as SPEC1
	18 data words
	32 data words
	56 data words

	SPEC6
	01001110bin
	Same format as SPEC1
	18 data words
	32 data words
	56 data words

	SPEC7
	01001110bin
	Same format as SPEC1
	18 data words
	32 data words
	56 data words

	
	
	
	
	
	


Table 9. XSPEC APID 0x4F telemetry packet definition (Bits 23:0).
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


	Data Product
	23 … 16
	15…8
	7…0
	SPEC_BIN

	XSPEC1
	01001111bin
	Bin 1 PXSPEC_SRC1
	Bin 0 PXSPEC_SRC1
	0 (36 P1 bins, N=35, 18 words)

1 (64 P1 bins, N=63, 32 words)

2 (112 P1 bins, N=111, 56 words)

	
	01001111bin
	Bin 3 PXSPEC_SRC1
	Bin 2 PXSPEC_SRC1
	

	
	01001111bin
	.
	.
	

	
	01001111bin
	.
	.
	

	
	01001111bin
	.
	.
	

	
	01001111bin
	Bin N PXSPEC_SRC1
	Bin N-1 PXSPEC_SRC1
	

	
	01001111bin
	Bin 1 PXSPEC_SRC2
	Bin 0 PXSPEC_SRC2
	0 (36 P2 bins, N=35, 18 words)

1 (64 P2 bins, N=63, 32 words)

2 (112 P2 bins, N=111, 56 words)

	
	01001111bin
	Bin 3 PXSPEC_SRC2
	Bin 2 PXSPEC_SRC2
	

	
	01001111bin
	.
	.
	

	
	01001111bin
	.
	.
	

	
	01001111bin
	.
	.
	

	
	01001111bin
	Bin N PXSPEC_SRC2
	Bin N-1 PXSPEC_SRC2
	

	
	01001111bin
	Bin 0 Rc
	0 (36 Rc, 36 Ic bins, N=35, 72 words)

1 (64 Rc, 64 Ic bins, N=63, 128 words)

2 (112 Rc, 112 Ic bins, N=111, 224 words)

	
	01001111bin
	Bin 0 Ic
	

	
	01001111bin
	.
	

	
	01001111bin
	.
	

	
	01001111bin
	Bin N Rc
	

	
	01001111bin
	Bin N Ic
	

	XSPEC2
	01001111bin
	Same format as XSPEC1
	0 (108 data words)

1 (192 data words)

2 (336 data words)

	XSPEC3
	01001111bin
	Same format as XSPEC1
	

	XSPEC4
	01001111bin
	Same format as XSPEC1
	


Deleted 
Table 10. Deleted 
Filter Bank 

The Filter Bank packet definitions are dependent on the FB_FREQBANDS parameter defined in Section 5.2.1.3, which defines the number of bins, or frequency bands.

Each datum in the filter bank packet uses a 19-to-8 bit compression algorithm, described in Section 5.3.1.1.

Table 11. FB APID 0x41 telemetry packet definition (Bits 23:0) for 7 bins: (FB_FREQBANDS=0).
	Data Product
	23 … 16
	15…8
	7…0

	FB1_Ave
	01000001bin
	Bin 1 (3-6 Hz)
	Bin 0 (0.8-1.5 Hz)

	
	01000001bin
	Bin 3 (50-100 Hz)
	Bin 2(12-25 Hz)

	
	01000001bin
	Bin 5 (800-1.6k Hz)
	Bin 4 (200-400 Hz)

	FB1_Peak / FB1_Ave
	01000001bin
	Bin 0 (0.8-1.5 Hz)
	Bin 6 (3.2-6.5k Hz)

	
	01000001bin
	Bin 2(12-25 Hz)
	Bin 1 (3-6 Hz)

	
	01000001bin
	Bin 4 (200-400 Hz)
	Bin 3 (50-100 Hz)

	
	01000001bin
	Bin 6 (3.2-6.5k Hz) 
	Bin 5 (800-1.6k Hz)

	FB2_Ave
	01000001bin
	Bin 1 (3-6 Hz)
	Bin 0 (0.8-1.5 Hz)

	
	01000001bin
	Bin 3 (50-100 Hz)
	Bin 2(12-25 Hz)

	
	01000001bin
	Bin 5 (800-1.6k Hz)
	Bin 4 (200-400 Hz)

	FB2_Peak / FB2_Ave
	01000001bin
	Bin 0 (0.8-1.5 Hz)
	Bin 6 (3.2-6.5k Hz)

	
	01000001bin
	Bin 2(12-25 Hz)
	Bin 1 (3-6 Hz)

	
	01000001bin
	Bin 4 (200-400 Hz)
	Bin 3 (50-100 Hz)

	
	01000001bin
	Bin 6 (3.2-6.5k Hz)
	Bin 5 (800-1.6k Hz)


Table 12. FB APID 0x41 telemetry packet definition (Bits 23:0) for 13 bins: (FB_FREQBANDS=1).
	Data Product
	23 … 16
	15…8
	7…0

	FB1_Ave
	01000001bin
	Bin 1 (1.5-3Hz)
	Bin 0 (0.8-1.5 Hz)

	
	01000001bin
	Bin 3 (6-12Hz)
	Bin 2 (3-6 Hz)

	
	01000001bin
	Bin 5 (25-50Hz)
	Bin 4 (12-25 Hz)

	
	01000001bin
	Bin 7 (100-200Hz)
	Bin 6 (50-100 Hz)

	
	01000001bin
	Bin 9 (400-800Hz)
	Bin 8 (200-400 Hz)

	
	01000001bin
	Bin 11 (1.6k-3.2kHz)
	Bin 10 (800-1.6k Hz)

	FB1_Peak / FB1_Ave
	01000001bin
	Bin 0 (0.8-1.5 Hz)
	Bin 12 (3.2-6.5k Hz)

	
	01000001bin
	Bin 2 (3-6 Hz)
	Bin 1 (1.5-3Hz)

	
	01000001bin
	Bin 4 (12-25 Hz)
	Bin 3 (6-12Hz)

	
	01000001bin
	Bin 6 (50-100 Hz)
	Bin 5 (25-50Hz)

	
	01000001bin
	Bin 8 (200-400 Hz)
	Bin 7 (100-200Hz)

	
	01000001bin
	Bin 10 (800-1.6k Hz)
	Bin 9 (400-800Hz)

	
	01000001bin
	Bin 12 (3.2-6.5k Hz)
	Bin 11 (1.6k-3.2kHz)

	FB2_Ave
	01000001bin
	Bin 1 (1.5-3Hz)
	Bin 0 (0.8-1.5 Hz)

	
	01000001bin
	Bin 3 (6-12Hz)
	Bin 2 (3-6 Hz)

	
	01000001bin
	Bin 5 (25-50Hz)
	Bin 4 (12-25 Hz)

	
	01000001bin
	Bin 7 (100-200Hz)
	Bin 6 (50-100 Hz)

	
	01000001bin
	Bin 9 (400-800Hz)
	Bin 8 (200-400 Hz)

	
	01000001bin
	Bin 11 (1.6k-3.2kHz)
	Bin 10 (800-1.6k Hz)

	FB2_Peak / FB2_Ave
	01000001bin
	Bin 0 (0.8-1.5 Hz)
	Bin 12 (3.2-6.5k Hz)

	
	01000001bin
	Bin 2 (3-6 Hz)
	Bin 1 (1.5-3Hz)

	
	01000001bin
	Bin 4 (12-25 Hz)
	Bin 3 (6-12Hz)

	
	01000001bin
	Bin 6 (50-100 Hz)
	Bin 5 (25-50Hz)

	
	01000001bin
	Bin 8 (200-400 Hz)
	Bin 7 (100-200Hz)

	
	01000001bin
	Bin 10 (800-1.6k Hz)
	Bin 9 (400-800Hz)

	
	01000001bin
	Bin 12 (3.2-6.5k Hz)
	Bin 11 (1.6k-3.2kHz)


Burst 1 (Low rate)

Table 13. E_B1 APID 0x46 telemetry packet definition (Bits 23:0)
	Data Product
	23 … 16
	15…8
	7…0

	E12B1
	01000110bin
	16-bit survey data

	E34B1
	01000110bin
	16-bit survey data

	E56B1
	01000110bin
	16-bit survey data


Table 14. V_B1 APID 0x47 telemetry packet definition (Bits 23:0)
	Data Product
	23 … 16
	15…8
	7…0

	V1B1
	01000111bin
	16-bit survey data

	V2B1
	01000111bin
	16-bit survey data

	V3B1
	01000111bin
	16-bit survey data

	V4B1
	01000111bin
	16-bit survey data

	V5B1
	01000111bin
	16-bit survey data

	V6B1
	01000111bin
	16-bit survey data

	VDC_AVG
	01000111bin
	16-bit survey data


Table 15. SC_B1 APID 0x48 telemetry packet definition (Bits 23:0)
	Data Product
	23 … 16
	15…8
	7…0

	SCMU_B1
	01001000bin
	16-bit survey data

	SCMV_B1
	01001000bin
	16-bit survey data

	SCMW_B1
	01001000bin
	16-bit survey data


Burst 2 (Interferometric)

Table 16. E_B2 APID 0x49 telemetry packet definition (Bits 23:0)
	Data Product
	23 … 16
	15…8
	7…0

	E12dcB2
	01001001bin
	16-bit survey data

	E34dcB2
	01001001bin
	16-bit survey data

	E56dcB2
	01001001bin
	16-bit survey data

	EdcparB2
	01001001bin
	16-bit survey data

	EdcprpB2
	01001001bin
	16-bit survey data

	E12acB2
	01001001bin
	16-bit survey data

	E34acB2
	01001001bin
	16-bit survey data

	E56acB2
	01001001bin
	16-bit survey data

	EacparB2
	01001001bin
	16-bit survey data

	EacprpB2
	01001001bin
	16-bit survey data


Table 17. V_B2 APID 0x4A telemetry packet definition (Bits 23:0) 

	Data Product
	23 … 16
	15…8
	7…0

	V1B2
	01001010bin
	16-bit survey data

	V2B2
	01001010bin
	16-bit survey data

	V3B2
	01001010bin
	16-bit survey data

	V4B2
	01001010bin
	16-bit survey data

	V5B2
	01001010bin
	16-bit survey data

	V6B2
	01001010bin
	16-bit survey data


Table 18. SC_B2 APID 0x4B telemetry packet definition (Bits 23:0)
	Data Product
	23 … 16
	15…8
	7…0

	SCMU_B2
	01001000bin
	16-bit survey data

	SCMV_B2
	01001000bin
	16-bit survey data

	SCMW_B2
	01001000bin
	16-bit survey data

	SCMpar_B2
	01001000bin
	16-bit survey data

	SCMprp_B2
	01001000bin
	16-bit survey data

	SCMprp2_B2
	01001000bin
	16-bit survey data


Internal Waveforms 

Table 19. E_INT, V_INT, MAG_INT APID 0x4C telemetry packet definition (Bits 23:0)
	Data Product
	23 … 16
	15…8
	7…0

	V1S
	01001100bin
	16-bit survey data

	V2S
	01001100bin
	16-bit survey data

	V3S
	01001100bin
	16-bit survey data

	V4S
	01001100bin
	16-bit survey data

	V5S
	01001100bin
	16-bit survey data

	V6S
	01001100bin
	16-bit survey data

	E12S
	01001100bin
	16-bit survey data

	MAGU
	01001100bin
	16-bit survey data

	E34S
	01001100bin
	16-bit survey data

	MAGV
	01001100bin
	16-bit survey data

	E56S
	01001100bin
	16-bit survey data

	MAGW
	01001100bin
	16-bit survey data


Internal Filter Bank 

Table 20. FB_INT APID 0x42 telemetry packet definition (Bits 23:0)
	Data Product
	23 … 16
	15…8
	7…0

	FB3_Ave
	01000010bin
	Same Format asFB1_Ave

	FB3_Peak
	01000010bin
	Same Format as FB1_Peak

	FB4_Ave
	01000010bin
	Same Format asFB1_Ave

	FB4_Peak
	01000010bin
	Same Format as FB1_Peak


Internal Housekeeping 

Table 21. HSKP APID 0x40 telemetry packet definition (Bits 23:0)
	Data Product
	23 … 16
	15…8
	7…0

	HSKP
	01000000bin
	00000000
	Register Address Requested

	HSKP
	01000000bin
	Contents of Register


6 Analog to Digital Conversion

The twenty-four analog signals from EFW, MAG and SCM are multiplexed prior to the analog to digital conversion. The MUX is divided into two banks. The primary science signals are grouped into one bank and nominally directed to ADC1 and the ancillary science data is grouped in a second bank to be directed to ADC2 (Table 22). Nominally, sampling of signals will be divided between the two ADCs, alternating between the 2 every other signal (V1dc from ADC1, V1ac from ADC2, V2dc from ADC1, and so forth: V1dc, V1ac, V2dc, V2ac, V3dc, V3ac, V4dc, V4ac, V5dc, V5ac, V6dc, V6ac, E12dc, FMU, E34dc, FMV, E56dc, FMW, E12ac, SCU, E34ac, SCV, E56ac, SCW). 

One ADC shall be sufficient for attaining minimum science requirements and the instrument shall be capable of operating with a single ADC. The Analog to Digital conversion is handled with two Linear Technology LTC1604 Analog to Digital Converters (ADC). The ADCs shall provide 16-bit analog to digital conversion and shall be sampled at 16k Samples/sec. 
Table 22. MUX and ADC usage for DFB analog signals. Note sample order alternates between MUX Bank 1 and 2: V1dc, V1ac, V2dc, V2ac, V3dc, V3ac, V4dc, V4ac, V5dc, V5ac, V6dc, V6ac, E12dc, FMU, E34dc, FMV, E56dc, FMW, E12ac, SCU, E34ac, SCV, E56ac, SCW.
	MUX Bank
	ADC
	Analog Signal

	1
	1 Nominal

2 In case of failure
	V1dc

	
	
	V2dc

	
	
	V3dc

	
	
	V4dc

	
	
	V5dc

	
	
	V6dc

	
	
	E12dc

	
	
	E34dc

	
	
	E56dc

	
	
	E12ac

	
	
	E34ac

	
	
	E56ac

	2
	2 Nominal

1 In case of failure
	V1ac

	
	
	V2ac

	
	
	V3ac

	
	
	V4ac

	
	
	V5ac

	
	
	V6ac

	
	
	FMU (MAGU)

	
	
	FMV (MAGV)

	
	
	FMW (MAGW)

	
	
	SCU (SCMU)

	
	
	SCV (SCMV)

	
	
	SCW (SCMW)


7 Analog Housekeeping

No Analog HK is present on the DFB. Note there is a housekeeping product in the internal data products (Table 29) for configuration validity and the correctness of various parameters (table) in the Field Programmable Gate Array (FPGA).

8 Digital Signal Processing

The digital signal processing is handled in a Field Programmable Gate Array (FPGA). Static Random Access Memory (SRAM) will be used to support the processing. Details of data products are given in Table 26 through Table 29. In summary, the DFB will:
1. Provide filtered, real-time waveform signals (including an average of V1-V4DC) at selectable sample rates per Table 26. These data are provided continually to the DCB, at a commandable sampling rate. 

2. Provide transformations of the electric field and search coil magnetometer data from spacecraft to magnetic field-aligned coordinates using MAG data (E·B , ExB, SCM·B, SCMxB) per Table 26. 

2.1. E·B: Epar

2.2. ExB: Eprp 

2.3. SC·B: SCpar 

2.4. SCxB: SCprp (in spin plane)

2.5. SCxB: SCprp2 (out of spin plane)
3. Provide two Filter Banks per Table 26.

4. Perform Fast-Fourier Transforms (FFT) per Table 26 to provide spectra of the transformed electric field and search coil magnetometer signals at selectable frequency resolution and bandwidth.

5. Perform cross-spectral analysis per Table 26.

DFB will process data from EFW, SCM and MAG and send Survey Data (Table 26) higher-rate Burst 1 data (Table 27) and Burst 2 data (Table 28) and Internal data (Table 29) to the DCB according to the configuration the DCB commands to the DFB. All data products are configurable. For each packet type, there is a single sampling rate for all data, which may be changed upon command. Data products may be individually enabled or disabled (independent of other data in the packet).

8.1 FFT Frequency Band Tables

Table 23. Frequency Table A, 5%. Frequency given in Hertz. Used for FFT data products SPEC and XSPEC when 112 bins are selected.

	Bin
	Frequency
	dF
	dF/F
	
	Bin
	Frequency
	dF
	dF/F
	
	Bin
	Frequency
	dF
	dF/F

	
	Low
	High
	Hz
	
	
	
	Low
	High
	Hz
	
	
	
	Low
	High
	Hz
	

	1
	0
	8
	8
	200%
	
	39
	352
	368
	16
	4%
	
	77
	1792
	1856
	64
	4%

	2
	8
	16
	8
	67%
	
	40
	368
	384
	16
	4%
	
	78
	1856
	1920
	64
	3%

	3
	16
	24
	8
	40%
	
	41
	384
	400
	16
	4%
	
	79
	1920
	1984
	64
	3%

	4
	24
	32
	8
	29%
	
	42
	400
	416
	16
	4%
	
	80
	1984
	2048
	64
	3%

	5
	32
	40
	8
	22%
	
	43
	416
	432
	16
	4%
	
	81
	2048
	2176
	128
	6%

	6
	40
	48
	8
	18%
	
	44
	432
	448
	16
	4%
	
	82
	2176
	2304
	128
	6%

	7
	48
	56
	8
	15%
	
	45
	448
	464
	16
	4%
	
	83
	2304
	2432
	128
	5%

	8
	56
	64
	8
	13%
	
	46
	464
	480
	16
	3%
	
	84
	2432
	2560
	128
	5%

	9
	64
	72
	8
	12%
	
	47
	480
	496
	16
	3%
	
	85
	2560
	2688
	128
	5%

	10
	72
	80
	8
	11%
	
	48
	496
	512
	16
	3%
	
	86
	2688
	2816
	128
	5%

	11
	80
	88
	8
	10%
	
	49
	512
	544
	32
	6%
	
	87
	2816
	2944
	128
	4%

	12
	88
	96
	8
	9%
	
	50
	544
	576
	32
	6%
	
	88
	2944
	3072
	128
	4%

	13
	96
	104
	8
	8%
	
	51
	576
	608
	32
	5%
	
	89
	3072
	3200
	128
	4%

	14
	104
	112
	8
	7%
	
	52
	608
	640
	32
	5%
	
	90
	3200
	3328
	128
	4%

	15
	112
	120
	8
	7%
	
	53
	640
	672
	32
	5%
	
	91
	3328
	3456
	128
	4%

	16
	120
	128
	8
	6%
	
	54
	672
	704
	32
	5%
	
	92
	3456
	3584
	128
	4%

	17
	128
	136
	8
	6%
	
	55
	704
	736
	32
	4%
	
	93
	3584
	3712
	128
	4%

	18
	136
	144
	8
	6%
	
	56
	736
	768
	32
	4%
	
	94
	3712
	3840
	128
	3%

	19
	144
	152
	8
	5%
	
	57
	768
	800
	32
	4%
	
	95
	3840
	3968
	128
	3%

	20
	152
	160
	8
	5%
	
	58
	800
	832
	32
	4%
	
	96
	3968
	4096
	128
	3%

	21
	160
	168
	8
	5%
	
	59
	832
	864
	32
	4%
	
	97
	4096
	4352
	256
	6%

	22
	168
	176
	8
	5%
	
	60
	864
	896
	32
	4%
	
	98
	4352
	4608
	256
	6%

	23
	176
	184
	8
	4%
	
	61
	896
	928
	32
	4%
	
	99
	4608
	4864
	256
	5%

	24
	184
	192
	8
	4%
	
	62
	928
	960
	32
	3%
	
	100
	4864
	5120
	256
	5%

	25
	192
	200
	8
	4%
	
	63
	960
	992
	32
	3%
	
	101
	5120
	5376
	256
	5%

	26
	200
	208
	8
	4%
	
	64
	992
	1024
	32
	3%
	
	102
	5376
	5632
	256
	5%

	27
	208
	216
	8
	4%
	
	65
	1024
	1088
	64
	6%
	
	103
	5632
	5888
	256
	4%

	28
	216
	224
	8
	4%
	
	66
	1088
	1152
	64
	6%
	
	104
	5888
	6144
	256
	4%

	29
	224
	232
	8
	4%
	
	67
	1152
	1216
	64
	5%
	
	105
	6144
	6400
	256
	4%

	30
	232
	240
	8
	3%
	
	68
	1216
	1280
	64
	5%
	
	106
	6400
	6656
	256
	4%

	31
	240
	248
	8
	3%
	
	69
	1280
	1344
	64
	5%
	
	107
	6656
	6912
	256
	4%

	32
	248
	256
	8
	3%
	
	70
	1344
	1408
	64
	5%
	
	108
	6912
	7168
	256
	4%

	33
	256
	272
	16
	6%
	
	71
	1408
	1472
	64
	4%
	
	109
	7168
	7424
	256
	4%

	34
	272
	288
	16
	6%
	
	72
	1472
	1536
	64
	4%
	
	110
	7424
	7680
	256
	3%

	35
	288
	304
	16
	5%
	
	73
	1536
	1600
	64
	4%
	
	111
	7680
	7936
	256
	3%

	36
	304
	320
	16
	5%
	
	74
	1600
	1664
	64
	4%
	
	112
	7936
	8192
	256
	3%

	37
	320
	336
	16
	5%
	
	75
	1664
	1728
	64
	4%
	
	
	
	
	
	

	38
	336
	352
	16
	5%
	
	76
	1728
	1792
	64
	4%
	
	
	
	
	
	


Table 24. Frequency Table B, 10%. Frequency given in Hertz. Used for FFT data products SPEC and XSPEC when 64 bins are selected.

	Bin
	Frequency
	dF
	dF/F
	
	Bin
	Frequency
	dF
	dF/F

	
	Low
	High
	Hz
	
	
	
	Low
	High
	Hz
	

	1
	0
	8
	8
	200%
	
	39
	896
	960
	64
	7%

	2
	8
	16
	8
	67%
	
	40
	960
	1024
	64
	6%

	3
	16
	24
	8
	40%
	
	41
	1024
	1152
	128
	12%

	4
	24
	32
	8
	29%
	
	42
	1152
	1280
	128
	11%

	5
	32
	40
	8
	22%
	
	43
	1280
	1408
	128
	10%

	6
	40
	48
	8
	18%
	
	44
	1408
	1536
	128
	9%

	7
	48
	56
	8
	15%
	
	45
	1536
	1664
	128
	8%

	8
	56
	64
	8
	13%
	
	46
	1664
	1792
	128
	7%

	9
	64
	72
	8
	12%
	
	47
	1792
	1920
	128
	7%

	10
	72
	80
	8
	11%
	
	48
	1920
	2048
	128
	6%

	11
	80
	88
	8
	10%
	
	49
	2048
	2304
	256
	12%

	12
	88
	96
	8
	9%
	
	50
	2304
	2560
	256
	11%

	13
	96
	104
	8
	8%
	
	51
	2560
	2816
	256
	10%

	14
	104
	112
	8
	7%
	
	52
	2816
	3072
	256
	9%

	15
	112
	120
	8
	7%
	
	53
	3072
	3328
	256
	8%

	16
	120
	128
	8
	6%
	
	54
	3328
	3584
	256
	7%

	17
	128
	144
	16
	12%
	
	55
	3584
	3840
	256
	7%

	18
	144
	160
	16
	11%
	
	56
	3840
	4096
	256
	6%

	19
	160
	176
	16
	10%
	
	57
	4096
	4608
	512
	12%

	20
	176
	192
	16
	9%
	
	58
	4608
	5120
	512
	11%

	21
	192
	208
	16
	8%
	
	59
	5120
	5632
	512
	10%

	22
	208
	224
	16
	7%
	
	60
	5632
	6144
	512
	9%

	23
	224
	240
	16
	7%
	
	61
	6144
	6656
	512
	8%

	24
	240
	256
	16
	6%
	
	62
	6656
	7168
	512
	7%

	25
	256
	288
	32
	12%
	
	63
	7168
	7680
	512
	7%

	26
	288
	320
	32
	11%
	
	64
	7680
	8192
	512
	6%

	27
	320
	352
	32
	10%
	
	
	
	
	
	

	28
	352
	384
	32
	9%
	
	
	
	
	
	

	29
	384
	416
	32
	8%
	
	
	
	
	
	

	30
	416
	448
	32
	7%
	
	
	
	
	
	

	31
	448
	480
	32
	7%
	
	
	
	
	
	

	32
	480
	512
	32
	6%
	
	
	
	
	
	

	33
	512
	576
	64
	12%
	
	
	
	
	
	

	34
	576
	640
	64
	11%
	
	
	
	
	
	

	35
	640
	704
	64
	10%
	
	
	
	
	
	

	36
	704
	768
	64
	9%
	
	
	
	
	
	

	37
	768
	832
	64
	8%
	
	
	
	
	
	

	38
	832
	896
	64
	7%
	
	
	
	
	
	


Table 25. Frequency Table C, 20%. Frequency given in Hertz. Used for FFT data products SPEC and XSPEC when 36 bins are selected.

	Bin
	Frequency
	dF
	dF/F

	
	Low
	High
	Hz
	

	1
	0
	8
	8
	200%

	2
	8
	16
	8
	67%

	3
	16
	24
	8
	40%

	4
	24
	32
	8
	29%

	5
	32
	40
	8
	22%

	6
	40
	48
	8
	18%

	7
	48
	56
	8
	15%

	8
	56
	64
	8
	13%

	9
	64
	80
	16
	22%

	10
	80
	96
	16
	18%

	11
	96
	112
	16
	15%

	12
	112
	128
	16
	13%

	13
	128
	160
	32
	22%

	14
	160
	192
	32
	18%

	15
	192
	224
	32
	15%

	16
	224
	256
	32
	13%

	17
	256
	320
	64
	22%

	18
	320
	384
	64
	18%

	19
	384
	448
	64
	15%

	20
	448
	512
	64
	13%

	21
	512
	640
	128
	22%

	22
	640
	768
	128
	18%

	23
	768
	896
	128
	15%

	24
	896
	1024
	128
	13%

	25
	1024
	1280
	256
	22%

	26
	1280
	1536
	256
	18%

	27
	1536
	1792
	256
	15%

	28
	1792
	2048
	256
	13%

	29
	2048
	2560
	512
	22%

	30
	2560
	3072
	512
	18%

	31
	3072
	3584
	512
	15%

	32
	3584
	4096
	512
	13%

	33
	4096
	5120
	1024
	22%

	34
	5120
	6144
	1024
	18%

	35
	6144
	7168
	1024
	15%

	36
	7168
	8192
	1024
	13%


Table 26. Survey data products.

	Packet
	APID
	Data Name
	Nominal Data Selection
	No. Comp. Nominal
	No. Comp. Avail.
	Source Signals
	Meas. Range
	Meas. Res.
	Frequency Bands


	Sample/s (Min)
	Sample/s 
(Max)
	Sample/s (Nominal)
	Comment
	Bits/ Sample
	Freq Bins
Nominal
	Freq Bins Avail
	Bits/s to IDPU

	Waveforms
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	E_SVY
	0x43
	In order of delivery: E12S, E34S, E56S
	All
	3
	3
	E12dc, E34dc, E56dc
	+/-1 V/m
	30 uV/m
	 
	 
	 
	1
	DFB: 16K
DCB: 128
	32
	 DFB can generate 16KS/s, FSW can receive only 128 S/s
 
	16
	 
	 
	1536

	V_SVY
	0x44
	In order of delivery: V1S, V2S, V3S, V4S, V5S, V6S
	All
	6
	6
	V1dc,V2dc,V3dc,V4dc, V5dc, V6dc
	+/-225V
	6 mV
	 
	 
	 
	1
	DFB: 16K
DCB: 128
	32
	
	16
	 
	 
	3072

	MAG_SVY
	0x45
	In order of delivery: MAGU, MAGV, MAGW
	All
	3
	3
	MAGU, MAGV, MAGW
	+/- 5 V
	 
	 
	 
	 
	1
	DFB: 16K
DCB: 128
	32
	
	16
	 
	 
	1536

	FFTs
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 




	Table 25

36 bins
	1/128
	8
	  1/8 
	See 5.3.1 for compression detail
	8
	64
	112, 64, 32
	448




	Table 25

36 bins
	1/128
	8
	  1/8 
	48 bits: 16/16/8x2: 

real & imaginary, coherency

See 5.3.1 for compression detail
	48
	64
	112, 64, 32
	768

	Solitary Wave Counter
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Deleted
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Filter Bank
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	FB
	0x41
	In order of delivery: FB1_Ave and FB1_Peak, FB2_Ave and FB2_Peak 
*Components are selected in pairs; Select either FB1 or FB2
	E12dc
	2
	4
	Select 2 of:
E12dc, E12ac, E34dc, E34ac, E56dc, E56ac, SCMU, SCMV, SCMW, (V1dc+V2dc+V3dc+V4dc)/4
	 
	 
	A, 13 bins
0.8-1.5, 1.5-3, 3-6, 6-12, 12-25, 25-50, 50-100, 100-200, 200-400, 400-800, 800-1.6k, 1.6k-3.2k, 3.2-6.5k
	B, 7 bins (Nominal)
0.8-1.5, 3-6, 12-25, 50-100, 200-400, 800-1.6k, 3.2-6.5k

 
	1/16
	64
	8
	See 5.3.1 for compression detail
	8
	7
	7
	896

	Total, Survey Data
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	8256


Notes:

1 XSPEC Nominal includes SPEC which are not nominally telemetered to ground as SPEC values.

2 SCMpar and SCMprp are rotated quantities, using SCM·B, SCMxB

3 Edcpar, Edcprp and Eacpar, and Eacprp, are rotated quantities using E·B , ExB. 
4 Peak is highest value in measurement period. Components are selected in pairs; Select either FB1 or FB2, single selection provides 2 components: Ave & Peak 
5 In the non-nominal configuration [ADC2_SRC_SEL = 0 and ADC2_SRC_SEL = 1], spectra and cross spectra will not function properly if any VAC product is selected (data will be noise on all > spectra).

Table 27. Burst 1 (Low Rate) data products.

	Packet
	APID

	Data Name
	Nominal Data Selection
	No. Comp. Nominal
	No. Comp. Avail.
	Source Signals
	Meas. Range 
	Meas. Res. 
	Sample/s
	Bits/Sample
	Bits/s to IDPU

	
	
	
	
	
	
	
	
	
	Min
	Max
	Nominal
	
	

	E_B1
	0x46
	In order of delivery: E12B1, E34B1, E56B1
	All
	3
	3
	E12dc, E34dc, E56dc
	+/-1 V/m
	30 uV/m
	1
	16K
	512
	16
	24,576

	V_B1
	0x47
	In order of delivery: V1B1, V2B1, V3B1, V4B1, V5B1, V6B1
	All
	6
	6
	V1dc,V2dc,V3dc,V4dc,V5dc,V6dc
	+/-225V
	6 mV
	1
	16K
	512
	16
	49,152

	SCM_B1
	0x48
	In order of delivery: SCMU_B1, SCMV_B1, SCMW_B1
	All
	3
	3
	SCMU, SCMV, SCMW
	+/-5V
	NA
	1
	16K
	512
	16
	24,576

	Total, Burst 1
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	98,304


Table 28. Burst 2 (Interferometric) data products.

	Packet
	APID

	Data Name
	Nominal Data Selection
	No. Comp. Nominal
	No. Comp. Avail.
	Source Signals
	Meas. Range 
	Meas. Res. 
	Sample/s
	Bits/Sample
	Bits/s to IDPU

	
	
	
	
	
	
	
	
	
	Min
	Max
	Nominal
	
	

	E_B21
	0x49
	E12dcB2, E34dcB2, E56dcB2, E12acB2, E34acB2, E56acB2, EdcparB2, EdcprpB2, EacparB2, EacprpB2, 
	E12AC, E34AC, E56AC
	3
	5
	E12dc, E34dc, E56dc, 

E12ac, E34ac, E56ac, 

Edcpar3, Edcprp3, 

Eacpar3, Eacprp3
	AC: +/- 400 mV/m.           DC: +/-1 V/m
	AC: 12 uV/m. DC: 30 uV/m.
	1
	16K
	16384
	16
	786,432

	V_B2
	0x4A
	In order of delivery: V1B1, V2B1, V3B1, V4B1, V5B1, V6B1
	All
	6
	6
	V1ac, V2ac, V3ac, V4ac, V5ac, V6ac
	+/-12.5V
	0.4mV
	1
	16K
	16384
	16
	1,572,864

	SCM_B2
	0x4B
	SCMU_B2, SCMV_B2, SCMW_B2, SCpar_B2, SCprp_B2
	SCMU, SCMV, SCMW
	3
	5
	SCMU, SCMV, SCMW, 

SCMpar2, SCMprp2
	+/- 5V
	NA
	1
	16K
	16384
	16
	786432

	Total, Burst 2
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	3,145,728


1 Either 3 or 5 products, and either DC or AC. (E12, E34, E56)  or  (E12, E34, E56) and (Epar, Eprp)

2 SCMpar and SCMprp are rotated quantities, using SCM·B, SCMxB

3 Edcpar, Edcprp and Eacpar, and Eacprp, are rotated quantities using E·B , ExB.

Table 29. Internal data products.
	Packet
	APID
	Data Name
	Nominal Data Selection
	No. Comp. Nominal
	No. Comp. Avail.
	Source Signals
	Meas. Range
	Meas. Resolution
	Frequency Bands
	Sample/s (Nominal)
	Bits/Sample
	Bits/s to IDPU

	INTERNAL Waveforms
	
	
	
	
	
	
	
	
	
	
	
	
	

	SVY_INT:

(E_INT,

V_INT,

MAG_INT)
	0x4C


	Nominal order of delivery (ADC1_SRC_SEL=0, ADC2_SRC_SEL=1): V1S, V2S, V3S, 
V4S, V5S, V6S, 
E12S, MAGU, E34S, MAGV, E56S, MAGW

Alternate order of delivery (ADC1_SRC_SEL=1, ADC2_SRC_SEL=0): V1S, V2S, V3S, 
V4S, V5S, V6S, 
MAGU, E12S, MAGV, E34S, MAGW, E56S

	All
	12
	12
	Nominal order read from MUX (ADC1_SRC_SEL=0, ADC2_SRC_SEL=1): V1dc, V2dc, V3dc, V4dc, V5dc, V6dc, E12dc, MAGU, E34dc, MAGV, E56dc, MAGW
Alternate order (ADC1_SRC_SEL=1, ADC2_SRC_SEL=0): V1dc, V2dc, V3dc, V4dc, V5dc, V6dc, MAGU, E12dc, MAGV, E34dc, MAGW, E56dc
	E: +/-1 V/m

V: +/-225V
	E: 30 uV/m

V: 6 mV
	
	 
	32
	16
	6144

	INTERNAL Filter Bank
	
	
	
	
	
	
	
	
	
	
	
	
	

	FB_INT
	0x42
	In order of delivery: FB3_Ave and FB3_Peak, FB4_Ave and FB4_Peak
	E12dc
	2
	4
	Select 1 of:
E12dc, E12ac, E34dc, E34ac, E56dc, E56ac, SCMU, SCMV, 

SCMW
	Depends on source signal, see waveform table.
	 
	A(Nominal)
0.8-1.5,
1.5-3,
3-6,
6-12,
12-25,
25-50,
50-100,
100-200,
200-400,
400-800,
800-1.6k,
1.6k-3.2k,
3.2-6.5k
	 B 
0.8-1.5, 3-6, 12-25, 50-100, 200-400, 800-1.6k, 3.2-6.5k
	32
	8
	6656

	INTERNAL Housekeeping
	
	
	
	
	
	
	
	
	
	
	
	
	

	HSKP
	0x40
	In order of delivery: Address requested, Contents of register 
	Data is generated only is response to CMD ID 0x00. Two packets are generated, the REGISTER_READ address specified in command and the contents of that address.
	FPGA address written to REGISTER_READ (Cmd ID 0x00)
	 
	 
	
	 
	0
	16
	0

	Total, INTERNAL 
	
	
	
	
	
	
	
	
	
	
	
	
	12800



9 Connectors

9.1 Detector Interface

The DFB will interface with the EMFISIS SCM and MAG via a 26 pin High Density D-subminiature connector on the front panel of the board. The pin assignments will be as shown in Table 30.  

Table 30. Interface with EMFISIS SCM and MAG, EFW-J703 pinout.
	Pin #
	Signal Name
	Signal Function
	I/O
	From/To
	Description

	1 
	SCMU
	Analog Voltage
	I
	SCM 
	(+)

	2
	SCMU Return
	Signal Return
	I
	SCM
	(-) Coax shield on SCMU signal

	3
	AGND
	
	
	
	Analog ground

	4
	SCMV
	Analog Voltage
	I
	SCM 
	(+)

	5
	SCMV Return
	Signal Return
	I
	SCM 
	(-) Coax shield on SCMV signal

	6
	AGND
	
	
	
	Analog ground

	7
	SCMW
	Analog Voltage
	I
	SCM 
	(+)

	8
	SCMW Return
	Signal Return
	I
	SCM 
	(-) Coax shield on SCMW signal

	9
	AGND
	
	
	
	Analog ground

	10
	AGND
	
	
	
	Analog ground

	11
	AGND
	
	
	
	Analog ground

	12
	AGND
	
	
	
	Analog ground

	13
	AGND
	
	
	
	Analog ground

	14
	AGND
	
	
	
	Analog ground

	15
	AGND
	
	
	
	Analog ground

	16
	AGND
	
	
	
	Analog ground

	17
	AGND
	
	
	
	Analog ground

	18
	AGND
	
	
	
	Analog ground

	19
	MAGU
	Analog Voltage
	I
	MAG
	(+)

	20
	MAGU Return
	Signal Return
	I
	MAG
	(-) Coax shield on MAGU signal

	21
	AGND
	
	
	
	Analog ground

	22
	MAGV
	Analog Voltage
	I
	MAG 
	(+)

	23
	MAGV Return
	Signal Return
	I
	MAG 
	(-) Coax shield on MAGV signal

	24
	AGND
	
	
	
	Analog ground

	25
	MAGW
	Analog Voltage
	I
	MAG 
	(+)

	26
	MAGW Return
	Signal Return
	I
	MAG 
	(-) Coax shield on MAGW signal


Table 31. Interface with EFW-J715.
	Pin #
	Signal Name
	Signal Function
	I/O
	From/To
	Description

	Center Conductor 
	VSPHERE1 
	EF signal 
	I
	BEB 
	EF1

	Shell
	Shield 
	Shield 
	I
	BEB
	Shield tied to AGND on DFB end


Table 32. Interface with EFW-J716.
	Pin #
	Signal Name
	Signal Function
	I/O
	From/To
	Description

	Center Conductor 
	VSPHERE2 
	EF signal
	I
	BEB
	EF2

	Shell
	Shield 
	Shield 
	I
	BEB
	Shield tied to AGND on DFB 04.

end


Table 33. Interface with EFW-J717.
	Pin #
	Signal Name
	Signal Function
	I/O
	From/To
	Description

	Center Conductor 
	VSPHERE3 
	EF signal
	I
	BEB
	EF3

	Shell
	Shield 
	Shield 
	I
	BEB
	Shield tied to AGND on DFB end


Table 34. Interface with EFW-J718.
	Pin #
	Signal Name
	Signal Function
	I/O
	From/To
	Description

	Center Conductor 
	VSPHERE4 
	EF signal
	I
	BEB
	EF4

	Shell
	Shield 
	Shield 
	I
	BEB
	Shield tied to AGND on DFB end


Table 35. Interface with EFW-J719.
	Pin #
	Signal Name
	Signal Function
	I/O
	From/To
	Description

	Center Conductor 
	VSPHERE5 
	EF signal
	I
	BEB
	EF5

	Shell
	Shield 
	Shield 
	I
	BEB
	Shield tied to AGND on DFB end


Table 36. Interface with EFW-J720.
	Pin #
	Signal Name
	Signal Function
	I/O
	From/To
	Description

	Center Conductor 
	VSPHERE6 
	EF signal
	I
	BEB
	EF6

	Shell
	Shield 
	Shield 
	I
	BEB
	Shield tied to AGND on DFB end


9.2 Backplane Interface

The DFB will interface with the IDPU for power, command, and telemetry via the backplane. The pin assignments will be as follows:

	BKP Pin #
	Signal Name
	Signal Function
	S/R
	From/To
	Notes

	1
	DFB_CMD
	DFBCommand
	R
	DCB
	Same signal as Pin 4

	2
	DFB_CLK
	DFB Clock
	R
	DCB
	8.389MHz Clock

Same signal as Pin 7

	3
	DFB_TLM0
	DFB Telemetry Line0
	S
	DCB
	Parallel output with DFB_TLM1

	4
	DFB_CMD
	DFB Command
	R
	DCB
	Same signal as Pin 1

	5
	DFB_1HZ
	DFB 1Hz
	R
	DCB
	1 pps signal
Same signal as Pin 8

	6
	DFB_TLM1
	DFB Telemetry Line1
	S
	DCB
	Parallel output with DFB_TLM0

	7
	DFB_CLK
	DFB Clock
	R
	DCB
	8.389MHz Clock

Same signal as Pin 2

	8
	DFB_1HZ
	DFB 1Hz
	R
	DCB
	1 pps signal
Same signal as Pin 5

	31
	IDPU_P5VD
	DCB & DFB +5VD
	R
	LVPS
	Same signal as Pin 34

	34
	IDPU_P5VD
	DCB & DFB +5VD
	R
	LVPS
	Same signal as Pin 31

	35
	IDPU_P3.6VD
	DCB & DFB +3.6VD
	R
	LVPS
	Same signal as Pin 41

	36
	IDPU_P1.8VD
	DCB & DFB +1.8VD
	R
	LVPS
	Same signal as Pin 42

	37
	IDPU_DGND
	DCB & DFB Digital Ground
	R
	LVPS
	Same signal as Pins 38, 39

	38
	IDPU_DGND
	DCB & DFB Digital Ground
	R
	LVPS
	Same signal as Pins 37, 39

	39
	IDPU_DGND
	DCB & DFB Digital Ground
	R
	LVPS
	Same signal as Pins 37, 38

	40
	IDPU_P5VA
	IDPU_P5VA
	R
	LVPS
	Same signal as Pin 52

	41
	IDPU_P3.6VD
	DCB & DFB +3.6VD
	R
	LVPS
	Same signal as Pin 35

	42
	IDPU_P1.8VD
	DCB & DFB +1.8VD
	R
	LVPS
	Same signal as Pin 36

	45
	IDPU_AGND
	DCB & DFB Analog Ground
	R
	LVPS
	Same signal as Pin 48

	46
	IDPU_P10VA
	IDPU +10VA
	R
	LVPS
	Same signal as Pin 49

	47
	IDPU_N10VA
	IDPU -10VA
	R
	LVPS
	Same signal as Pin 50

	48
	IDPU_AGND
	DCB & DFB Analog Ground
	R
	LVPS
	Same signal as Pin 45

	49
	IDPU_P10VA
	DCB & DFB +10VA
	R
	LVPS
	Same signal as Pin 46

	50
	IDPU_N10VA
	DCB & DFB -10VA
	R
	LVPS
	Same signal as Pin 47

	52
	IDPU_P5VA
	DCB & DFB +5VA
	R
	LVPS
	Same signal as Pin 40

	53
	IDPU_N5VA
	DCB & DFB -5VA
	R
	LVPS
	Same signal as Pin 56

	56
	IDPU_N5VA
	IDPU -5VA
	R
	LVPS
	Same signal as Pin 53


10 DFB FPGA System Timing

This section describes the following:

1. How system timing information generated by the DCB is used to synchronize the operation of the DFB FPGA,

2. DFB FPGA internally derived timing information and its use,

3. The data sample and data product delays introduced by the DFB FPGA’s internal modules.

10.1 Overview
All the system timing information received by the DFB FPGA is generated by the DCB.  This includes a 223Hz clock, which the DFB FPGA uses as its core clock, as well as information (PPS and Super-PPS) to make sure the operation of the DCB and the DFB remains synchronized.  The synchronization information provided by the DCB is a 1 second tick (PPS) as well as an N second tick (Super-PPS) where N is an integer whose value is under the control  of the software running on the DCB.    

The figure below is a logical representation of how the system timing is coupled with the DFB FPGA’s internal modules.  
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Figure 6 DFB Timing Overview

Timing Info from DCB

The following timing information is generated by the DCB and consumed by the DFB:

· 223Hz clock: DFB FPGA’s core clock

· PPS: 1 second tick

· Super-PPS: N second tick, where the value of N is an integer specified by the DCB.

PPS

The 1 second tick is sampled by the DFB FPGA when the PPS signal on the back-plane interface is high for one 223Hz clock cycle. 

Super-PPS

The N second tick is event that that is initiated by the DCB performing a write to the DFB FPGA register located at address 0x3F.  The write operation of this register is an indication to the DFB FPGA that the next 1 second tick sampled is an N second tick (aka Super-PPS event) as well as a 1 second tick.

Derived Timing Info

The DFB FPGA uses the timing information from the DCB to generate the following derived timing information:

· 16KHz Tick

· 1/128th Second bank Switch

16KHz Tick

The 223Hz clock and the PPS are used to derive a 16KHz Tick that is synchronous to the PPS.  As per the timing diagram below, the 16KHz Tick is generated in the same clock cycle as the PPS.  

Note: The FPGA’s Timing Gen logic will assure that the 16KHz tick is synchronous to the PPS.  Hence, a skew between the PPS and the 16KHz Tick caused by a SEU will be rectified on the next 1 second tick.  There is no skew between the PPS and the 16KHz Tick during normal operation.

The 16KHz Tick is used by the DFB FPGA to fetch 24 data samples from the ADC.  The start of this 16KHz window occurs when the 16KHz tick is sampled high.         
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1/128th Second Bank Switch

The 223Hz clock and the PPS are used to derive the Bank Switch that is synchronous to the PPS.  As per the timing diagram below, the polarity of the Bank Switch changes every 1/128th of a second.  The rising edge of a PPS, under normal operation, coincides with the rising edge of the Bank Switch.

Note: The FPGA’s Timing Gen logic will assure that the rising edge of the PPS and the rising edge of the Bank Switch always coincides.  If a skew between the signals has been introduced, the skew is rectified by the Timing Gen Logic on the next 1 second tick.

The Bank Switch is utilized by the DFB FPGA as follows:

1. Embedded with the data as it is read by the ADI to propagate timing information to the downstream modules.

2. Determines the operations of the two FIFOs in the Data Processor module (i.e. which FIFO is used to store data products generated and which FIFO is used to forward the previously stored data products to the DCB). 
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Data and Embedded Timing Info

The value of the PPS and the Bank Switch signals are encoded and embedded with the data stream in the ADI module.  The downstream modules use this embedded information as follows:

· Used to synchronize the state machines with the PPS: WAVE, TRIG, and SPEC

· Used to calculate the reporting rate of the data products: TRIG and SPEC

Data Only

Data stream does not contain any embedded timing information such as PPS or Bank Switch.

10.2 Module Synchronization & Data Path Delay

This section describes how the modules in the DFB FPGA use the timing information to stay synchronized to the DCB.  Furthermore, the data path delays through each individual module are quantified.

Analog-to-Digital Interface (ADI) Module

The ADI module is enabled following a reset.  That is, if clock is present the ADI module will fetch data samples on 24 sources at a rate of 16KHz from the ADCs and forward them onto the Digital Interface.  Moreover, the FAP and the VDC Average are also enabled following a reset.  These modules snoop the 24 data streams fetched from the ADCs, generate derived data streams at a 16KHz rate and forward them to the Digital Filter.  In all, 32 16KHz data streams are transmitted to the Digital Filters module.  

Each data stream is embedded with the current value of PPS and Bank Switch.  The embedded timing information is used by the modules downstream to remain synchronized to the DCB.
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Timing & Synchronization

For its operation, the Waveform module makes use of the timing information from the Timing Gen module (DT 0) and the data read from the ADCs.

PPS

The ADI module make use of the PPS signal received from the Timing Gen module as follows:

· The state machines in the ADI module transition to their default state such that the operation of the DFB FPGA remains synchronized with the DCB.

· The value of PPS is embedded into the data streams generated and used by the downstream modules.

Bank Switch
The ADI module embeds the value of Bank Switch into the data streams generated.  The embedded timing information is used by the downstream modules to stay synchronized with the DCB.  

16KHz Tick

The ADI is specified to fetch data samples from the ADCs for up to 24 sources at a rate of 16KHz.  Hence, the 16KHz Tick indicates to the ADI to start fetching data samples from the ADCs.  Once the ADI has sampled the 16KHz Tick as high, the state machine will fetch a data sample every 32 clock cycles of the 223Hz clock for up to 24 sources.

Data Path Delay
The ADI is able to fetch or generate a sample from all the sources and transmit them to the Digital Filter within a 16KHz time period.  The data path delay through the ADI module, for all data streams with the exception of the ones generated by the FAP, is less than 60us and hence negligible when calculating the overall data path delay through the FPGA.

The processing time required by the FAP does not allow these data streams to be transmitted to the Digital Filter module in the same 16KHz time period as the ADC data streams used as sources.  Due to this processing time, the FAP generated data streams are transmitted to the Digital Filter one 16KHz time period later in relation to the ADC data streams.  Hence, the data path delay for the FAP generated data streams are on the order of 100us, which is also negligible when calculating the overall data path delay through the DFB FPGA.

Digital Filters (FIL) Module

The Digital Filters module is always enabled.  As soon as the 223Hz clock is present the Digital Filter module will accept data sample upsis disabled following a reset and hence in this default state no data products are generated.  The Waveform will not operate and generate data products until the module has had its registers configured as well as continuously receiving data samples and timing information.  The data products are generated with the embedded Bank Switch timing information.    


[image: image30.emf]VDC AVG 

I/F

FAP I/F

ET 0

ADI I/F

ET 0 

Digital

Filters

ET 0

WAVE I/F

TRIG I/F

SPEC I/F

ET 1


Timing & Synchronization

For its operation, the Digital Filter module makes use of the data & embedded timing information (ET 0) received from the ADI module.

Embedded Timing Info
The Digital Filters module makes use of the embedded timing information (ET 0) as follows:

· When the embedded PPS sampled high, the state machines in the Digital Filters module transition to their default state such that the operation of the DFB FPGA remains synchronized with the DCB.

· The embedded timing information (i.e. PPS and Bank Switch) received from the upstream modules (ET 0) is propagated to the output port (ET 1).

Data Path Delay
The Digital Filters module introduces a data path delay described by the following equation where P is the number of passes through the filter:
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The Waveform module is disabled following a reset and hence in this default state no data products are generated.  The Waveform will not operate and generate data products until the module has had its registers configured as well as continuously receiving data samples and timing information.  The data products are generated with the embedded Bank Switch timing information.    
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Timing & Synchronization

For its operation, the Waveform module makes use of the data & embedded timing information (ET 1) and timing information from the Timing Gen module (DT 1).

PPS

The PPS signal received directly from the Timing Gen module controls when the module’s registers are configured.  The configuration of the module’s registers can be performed at anytime, however they will only take effect then the PPS signal is sampled high (i.e. on the PPS event). 

Embedded Timing Info
The module makes use of the embedded Bank Switch timing information by propagating and embedding it with the data products transmitted to the Data Processor (ET 2). 

Data Path Delay
The Waveform module generates data products at reporting rates configured by the host.  The data path delay introduced by the Waveform module is on the order of 100us and hence negligible when calculating the overall data path delay through the DFB FPGA.    

A delay on the order of 100us is accomplished by the following facts:

· Two data samples, and accompanied timing, are received and must be processed every 16KHz

· Processing performed on data samples consists of a look-up to determine if data sample forwarded

· Clock frequency of logic in module: 223Hz

Triggers (TRIG) Module

The Triggers module is disabled following a reset and hence in this default state no data products are generated.  The Triggers will not operate and generate data products until the module has had its registers configured as well as continuously receiving data samples and timing information.  The data products are generated with no embedded timing.    
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Timing & Synchronization

For its operation, the Triggers module makes use of the data & embedded timing information (ET 1) and timing information from the Timing Gen module (DT 1).

PPS

The PPS signal received directly from the Timing Gen module controls when the module’s registers are configured.  The configuration of the module’s registers can be performed at anytime, however they will only take effect then the PPS signal is sampled high (i.e. on the PPS event). 

Embedded Timing Info
The module makes use of the embedded PPS and embedded Bank Switch timing information received from the Digital Filters as follows.

1. PPS & Bank Switch are used to calculate when data products are to be transmitted to the Data Processor

2. PPS is used conjunction with the Super-PPS to synchronize the operation of the entire module.  

Super-PPS

When the Super-PPS signal has been sampled high by the module, the next embedded PPS received constitutes a Super-PPS event.  The Triggers module uses the Super-PPS event to synchronize its operation.  

Data Path Delay
The Triggers module generates data products at reporting rates configured by the host.  The data path delay introduced by the Triggers module in relation to the associated low-pass data samples transmitted out on the Waveform player is on the order of 100us and hence negligible when calculating the overall data path delay through the DFB FPGA.    

A delay on the order of 100us is accomplished by the following facts:

· Two data samples, and accompanied timing, are received and must be processed every 16KHz

· Processing performed on data samples consists of simple arithmetic as well as reading and writing to an internal RAM

· Clock frequency of logic in module: 223Hz

Spectra/X-Spectra (SPEC) Module

The Spectra/X-Spectra module is disabled following a reset and hence in this default state no data products are generated.  The Spectra/X-Spectra will not operate and generate data products until the module has had its registers configured as well as continuously receiving data samples and timing information.  The data products are generated with no embedded timing.  
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Timing & Synchronization

For its operation, the Spectra/X-Spectra module makes use of the data & embedded timing information (ET 1), timing information from the Timing Gen module (DT 1), as well as a 1/8th of a second time tick generated from the 16KHz data samples received by the Ingress SM.

PPS

The PPS signal received directly from the Timing Gen module controls when the module’s registers are configured.  The configuration of the module’s registers can be performed at anytime, however they will only take effect then the PPS signal is sampled high (i.e. on the PPS event). 

Embedded Timing Info
The module makes use of the embedded PPS timing information received from the Digital Filters module in the following two ways:

1. Synchronize the FFT delineation in the Ingress SM

2. In conjunction with the Super-PPS, synchronize the operation of the SPEC module.  

Super-PPS

When the Super-PPS signal has been sampled high by the module, the next embedded PPS received constitutes a Super-PPS event.  The Spectra/X-Spectra module uses the Super-PPS event to synchronize its operation.  

1/8th of a Second Time Tick

The Ingress SM generates the 1/8th of a second time tick as this is the time required to receive a set of 2,048 16KHz data samples.  In order to be able to perform an FFT on the set of 2,048 16KHz data samples at wire speed, 1/8th of a second is the time allowed to perform all the calculations to generate the Spectra and X-Spectra data products.

As the Ingress SM generates the 1/8th of second time tick, this information is conveyed from the Ingress SM to the Control SM via the FFT Enable signal.  The Control SM uses the 1/8th of a second time tick to increment its internal timer.  This internal timer is used to compare to the NCAD and NAVG parameters; determining if FFT is to be performed on the next set of data samples as well as determining if the data products are available to be transferred to the Data Processor.  The Control SM asserts the XFER Enable signal to notify the Egress SM to being transferring the data products to the Data Processor.

Bank Switch

The Egress SM makes use of the Bank Switch signal to delay the transfer of the data products to the Data Processor by 1/128th of a second.  Delaying the transfer of the data products by 1/128th of a second enables the Control SM to fetch the data samples out of the SRAM to begin the FFT calculation on the next data product.  This then allows the Egress SM to fetch the data products out of the SRAM while the Control SM does not need to access the SRAM; hence, resulting in more efficient utilization of the SRAM bandwidth.

Data Path Delay
The total data path delay through the Spectra/X-Spectra module in relations to the same data stream transmitted through the Waveform Player is 0.2578 seconds.  The breakdown of the data path delay per state machine is as follows:

· Ingress SM Delay: 0.1250 seconds

· Control SM Delay: 0.1250 seconds

· Egress SM Delay: 0.0078 seconds

Note: The NCAD and NAVG parameters must be taken into account when correlating the data products generated by the Spectra/X-Spectra module vs the same input data stream transmitted out via the Waveform Player.  See “DFB FPGA Features & Anomalies” document for how the Spectra and X-Spectra data products are generated when NAVGSpec > NAVGXSpec.

Command Processor

The Command Processor receives register read or register write commands from the DCB across the Command I/F.  The commands received are processed with no system timing knowledge (i.e. Super-PPS, PPS, and Bank Switch).  

A read command generates a data product which is sent to the DCB via the Data Processor.  One the read command is received, the Command Processor performs a read operation on the Register I/F using the address specified in the command.  The data read is appended with an App ID and forwarded to the Data Processor and queued up to be transmitted to the DCB.

When a write command is received, a write operation is performed on the Register I/F using the address and data specified in the command.

Note: Although the Command Processor is oblivious to any system timing information, write operations made to the Triggers, Waveform, or Spectra/X-Spectra registers take effect only when the PPS is sampled high (i.e. on the PPS event).   
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Data Processor

The data processor contains two FIFOs which are used to store the data products received and to transmit the data products that has already been stored in one of the FIFOs to the DCB via the two telemetry signals.  The Data Processor operates such that one FIFO is used to store data products while the other FIFO is used to transmit data products.  The value of the Bank Switch (DT 2), as well as the value of the embedded timing accompanying the Waveform data products (ET 4), determines which FIFO is storing data products vs transmitting data products.  Hence, as the Bank Switch changes polarity every 1/128th of a second the data products are consequently delayed 1/128th of a second by the Data Processor being transmitting to the DCB.   
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Data Only

The data products received on the following interfaces does not contain any timing information:

· TRIG I/F

· SPEC I/F

· DAT I/F

When these data products are received by the Data Processor, they are stored in the FIFO according to the value of the Bank Switch (DT 2).  While these data products are stored in one FIFO, the content of the other FIFO is transmitted out onto the Telemetry I/F. 

Data and Embedded Timing Info

The WAVE I/F provide the Data Processor with both data products and timing information.  The timing information embedded on the WAVE I/F is the value of Bank Switch inserted into the data stream when the 16KHz sample was read from the ADC.  The value of the embedded Bank Switch is used to select which FIFO will store the Waveform data products rather than external Bank Switch signal (i.e. DT 2). 

As the data products generated by the Waveform Player “trickle” in at a user defined data rate, the embedded timing is used in order to compensate for the data path delay through the FPGA.  Hence, ensuring the relative timing between the data product and the PPS generated by the DCM remains constant.  

Note that using the embedded timing information will allow the data products to be written into the same FIFO that is being used to transmit data products to the DCB.

�Is this for sending down or doing in background? Put a question up front about how to handle this as well.
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