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1 INTRODUCTION

This manual describes the HIFI instrument from an operational point of view.
Volume 1 describes the instrument in terms of functionality, interfaces and operational concepts. It is based
upon the information provided in the design descriptions and user manuals for the various subsystems and

units within HIFI.

Volume 2 describes the operational aspects and procedures of the instrument. The procedures are based on
the CUS-scripts defined to set the instrument in the various modes and configurations as required during
testing of the HIFI flight instrument. These are expected, to a large extend, to be used in-flight as well

The annex 1 provides detailed infor mation about the commanding and housekeeping data and packets as
defined in the HIFI Mission Information Base (MIB).
Annex 2 provides the detailed listings of the CUS-scripts as used in the operational procedures.

1.1 Acronyms and Abreviations

ACS
APID
ASIC
CCD
CDMS
CUS
EEPROM
EMC
FCU
FIFO
FPGA
FPU
FSW
HCSS
HEB
HK
HRS
1/10
ICU
ID

IF
1D
IRM
LCU
LED
LO
LOA
LOU
LR
LSB
LSU
MIB
MO

Auto Correlator System
Application Identifier
Application Specific Integrated Circuit
Charge Coupled Device

Central Data Management System
Command Uplink System
Electrical Erasable Programmable Read Only Memory
Electro Magnetic Compatibility
Focal plane Control Unit

First In First Out Register

Field Programmable Gate Array
Focal Plane Unit

Frequency SWitching

Herschel Common Science System
Hot Electron Bolometer
House-Keeping

High Resolution Spectrometer
Input/Output

Instrument Control Unit
Identifier

Intermediate Frequency
Instrument Interface Document
Image Reject Mixer

Local oscillator Control Unit
Light Emitting Diode

Local Oscillator

Local Oscillator Assembly

Local Oscillator Unit

Low Resolution

Least significant Bit

Local oscillator Source Unit
Mission Information Base

Master Oscillator
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MSB
OBS
(ON)
PFM
PROM
RAM
RF
ROM
S/IC
S/S
SID
SIS
SVM
TBD
TBW
TC
™
VM
WBS
YTO

Most Significant Bit

On-Board Software

Operating System

Proto-Flight Model

Programmable Read Only Memory
Random Access Memory

Radio Frequency

Read Only Memory

Space-Craft

Sub-System

Structure IDentifiers
Superconductor-Insulator-Superconductor
Service Module

To Be Decided

To Be Written

Tele-Command

Telemetry

Virtual Machine

Wide Band Spectrometer

YIG Tuned Oscillators
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3 INSTRUMENT DESCRIPTION

The underlying idea behind heterodyne detection is to translate the frequency passband of the astronomical
signal under observation to a much lower frequency. This is done by mixing the astronomical signal with a
locally generated very stable monochromatic signal, the local oscillator (LO) signal, and extracting the
difference frequency, the intermediate frequency (IF), for further processing.

Heterodyne detection offers two important advantages. It enables observations of astronomical signals at
frequencies so high that no amplifiers are available at the signal frequency. In addition, it allows microwave
signal processing techniques to be used to analyse the signal giving the possibility of very high spectral
resolution. The price that has to be paid is that the mixing process involves a loss of signhal and the addition
of unwanted noise, and that a suitable LO signal has to be generated.

Currently, in ground-based sub-mm observatories Schottky diodes and superconductor-insulator-
superconductor (SIS) tunnel junctions are being used. The SIS is preferable because of its higher sensitivity,
and much lower LO power requirements. Recently, a new type of sensitive mixer for sub-mm wavelengths
has been developed based on fast hot-electron bolometers (HEB) using thin superconducting films. This type
of mixer has even lower LO power requirements than the SIS mixer and has been demonstrated to work well
in laboratory experiments at frequencies up to 2.5 THz. We anticipate that HEB mixers will prove more
sensitive than SIS mixers at frequencies above about 1.25 THz where niobium tunnel junctions cease to
work. In the HIFI instrument SIS mixers based on NbTiN tunnel junctions are used for the frequencies up to
1250 GHz and HEB mixers are used at frequencies up to 1.9 THz.

The IF signal is very weak and must be amplified close to the mixer before it can be passed on to other
equipment. The choice of IF frequency is dependent on the required IF bandwidth and the method of
combining the LO and astronomical signals, which itself depends on the mixer's LO power requirements. For
HIFI the required bandwidth from science considerations is 4 GHz. An IF frequency range of 4 - 8 GHz was
selected for the SIS mixer types (mixer bands 1 through 5) and 2.4 — 4.8 GHz for the HEB mixer types
(bands 6) employed in HIFI.

After further amplification and signal conditioning, the signal is analysed in a spectrometer which measures
the signal strength as a function of frequency with a frequency resolution of between 100 kHz to 1 MHz
depending on the astronomical application. SIS and HEB mixers require physical temperatures below 5 K
and on Herschel will operate at 2 K for maximum sensitivity. Additionally, the receiver optics and the first
IF amplifier must be cooled below 20 K for optimum performance. The local oscillator unit will operate at a
temperature of 120 -150 K. However, the subsequent IF chain, as well as the spectrometers and control
electronics can operate at ambient temperature.

3.1 Design description

3.1.1 Functional Block Diagram

The functional block diagram of HIFI is shown in Figure 3.1-1.
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Figure 3.1-1, HIFI functional block diagram

The HIFI instrument consists of the Focal-Plane Subsystem, the Local-Oscillator Subsystem, the High-
Resolution Spectrometer Subsystem, the Wide-Band Spectrometer Subsystem and the Instrument Control
Unit, which is a subsystem by itself. Descriptions of these subsystems are given in the following sections.
The Focal Plane Unit sits on the optical bench inside the cryostat and is cooled by the liquid helium bath and
the boil-off gas. The LO Unit sits outside the cryostat and is quasi-optically coupled to the FPU and is cooled
to about 120 K by radiation into deep space. The remaining units are located in the room temperature service
module (SVM) of the spacecraft.

The functions to be performed in the instrument are distributed among the different sub-systems. The
functional breakdown is described below.

The Focal Plane Sub-system:

couples to the astronomical (RF) signals from the telescope
couples to the local oscillator signals from the Local Oscillator Unit
combines the RF and LO signals with the minimum loss to the RF signal

provides for division of the frequency coverage into 7 bands through spatial separation, only one band
can be active at any time

separates the two polarisations and couples them to separate mixers

allows for a single slant polarised LO signal to pump two mixers

mixes the astronomical and LO signals to generate the Intermediate Frequency signals
amplifies, filters and conditions the two IF signals from the single active band
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distributes the four IF signals to two up-converters via the spacecraft's cryoharness

provides a focal plane chopper for displacing the telescope beam on the sky or selecting an internal
calibration source

provides an adjustable internal source for calibration purposes
provides a means of aligning the Focal Plane Unit with the LOU and telescope

generates housekeeping data as required

The Local Oscillator Sub-system:

generates a highly stable reference frequency signal in a Master Oscillator
synthesises tuneable microwave signal phase locked to the MO reference signal

amplifies and frequency multiplies the microwave signal to generate the sub-mm LO signal in one of 14
sub-bands (a maximum of one LO sub-band is active at any time)

provides a means of coupling the output from pairs of the 14 LO sub-bands to the 7 mixer bands
produces slant polarised output beams

provides a means of adjusting the LO signal level to optimise the level at the mixers

distributes the MO reference signal to the HRS and WBS sub-systems

maintains a constant dissipation in the LOU

generates housekeeping data as required

The High Resolution Spectrometer Sub-system:

amplifies and conditions the two IF signals from the the up-converter

divides the IF band into up to 4 narrow sub-bands

provides adjustable attenuators for setting the correct signal level in each of the sub-bands
down-converts the IF signal to video frequency

samples and converts the analogue video signals into digital signals

generates the autocorrelation function of the digital signals

provides 3 bandwidth/resolution combinations through reconfiguring of the digital autocorrelator
integrates the autocorrelation function into separate buffers for each phase of the chopping cycle
sends the autocorrelation coefficients to the Instrument Control Unit

uses the MO reference frequency signal to phase lock the internal oscillators used in the frequency
conversion steps and the digital sample clocks

generates housekeeping data as required

The Wide Band Spectrometer Sub-system:

amplifies and conditions the two IF signals from the up-converter
divides the IF band into 4 sub-bands

provides adjustable attenuators for setting the correct signal levels
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= provides a commandable comb generator for internal frequency calibration

= down-converts the IF signal to a lower frequency suitable for injection into a Bragg cell

= spectrally analyses the IF signals in a pair of 4-channel array Acousto-Optic Spectrometers
= integrates the sub-spectra into separate buffers for each phase of the chopping cycle

= sends the sub-spectra to the Instrument Control Unit

= uses the MO reference frequency signal to phase lock the internal oscillators used in the frequency
conversion steps

= generates housekeeping data as required

The Instrument Control Unit:
= receives telecommand packets from the spacecraft Central Data Management System (CDMS)

= acknowledges telecommands where appropriate

= unpacks the telecommands

= executes commands at the time indicated by their time-tags

= expands macro commands into sequences of commands

= sends commands to the other sub-systems

= receives housekeeping data

= receives science data from the spectrometers

= executes algorithms designed to tune the instrument for observation at a specific frequency
= executes calibration procedures

= executes observation procedures

= executes peak-up procedures

= sends housekeeping data to the CDMS

= sends science data packets to the CDMS

= sends peak-up information to the CDMS

= performs health-checking by monitoring housekeeping data

= requests the CDMS to shut down HIFI sub-system(s) in the event of anomalies

= supplies the FCU with secondary power

3.1.2 Signal Flow Diagram

The instrument signal flow diagram is shown in Figure 3.1-2. The Focal-plane Subsystem receives the
astronomical signal from the telescope and a strong, narrow-line signal from the Local Oscillator Subsystem.
It combines these signals in two of its mixers and produces Intermediate-Frequency (IF) signals that are
amplified and passed on to the two spectrometers. The High-Resolution Spectrometer and the Wide-Band
Spectrometer each include their own IF processor. The science data from the spectrometers and
housekeeping information from all sub-systems are collected by the Instrument Control Unit, packetized and
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forwarded to the spacecraft CDMS. The ICU co-ordinates the operation of the instrument and provides the
data interface with the spacecraft.

The CDMS stores the science and housekeeping packets along with spacecraft data in a large solid-state
memory. This memory is downloaded during periods of ground-contact, nominally 3 hours every 24 hours.
The received telemetry data from the ground-station are stored in the main mission database, the Herschel
Common Science System. The HIFI Instrument Control Centre analyses the data to extract calibration and
other information and stores update analysis routines and calibration files in the HCSS. The astronomical
users access the HCSS to retrieve their data and the relevant analysis software for further data reduction.
Ultimately the contents of the HCSS will form the mission archive.
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Figure 3.1-2, HIFI signal flow diagram

3.1.3 Redundancy Philosophy

Generally the philosophy of warm redundancy will be used to provide a graceful degradation in performance
in the event of a failure in the instrument units. Full cold redundancy is used in the ICU, LSU and LCU.
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The instrument redundancy philosophy can be stated such that in the event of a single failure of a
component, the instrument shall lose at most:

one L.O. (sub-)band, or

one polarisation.

3.2 Operating principles

The instrument control architecture is one of an "intelligent™ controller, the ICU, with "dumb" sub-systems.
The ICU receives telecommand packets from the spacecraft and expands them to a sequence of low-level
commands to the sub-systems. These command sequences will configure the instrument, execute the desired
measurements and cause the resulting scientific data to be transmitted back to the spacecraft. Other tasks
running in the ICU, initiated by telecommands, will collect housekeeping data for transmission to the
satellite and monitor the health of the instrument. It is not foreseen that look-up tables will be required in the
ICU.

The synchronisation of instrument operations with spacecraft operations will be by the use of time-tagged
commands, i.e. a hardware on-target line will not be used. Synchronisation of HIFI sub-system operations
will be through the internal command bus. Due to the use of time-tagged commands and, consequently, a
rigid observation timeline, it is imperative that all instrument operations complete within a predetermined
time. This discourages the use of potentially open-ended optimisation routines and these will be avoided.
Wherever possible use will be made of look-up tables, implemented in the ground segment, to derive
instrument settings. This philosophy is based on the intention to generate predictable operations. However,
for certain parameters this may not be possible in which case automatic optimisation routines with a fixed
execution time will be implemented in the ICU.

The ICU will monitor the health of the instrument. For most fault conditions the philosophy will be to note
the error in the housekeeping and continue with the predetermined measurement sequence. Autonomous
fault recovery routines will not be implemented within HIFI. However, for certain serious fault conditions it
may be deemed necessary to power down the faulty unit in which case this will be requested of the
spacecraft through the use of event packets (primary power to the HIFI units can not be controlled directly
by the ICU). It is not foreseen that the spacecraft will have to monitor HIFI housekeeping parameters for
health checking or fault detection purposes.

For more information on the design of HIFI refer to the Instrument Design Description [RD5].

3.2.1 Focal Plane Subsystem

TBW

3.2.1.1 Focal Plane Unit

TBW

3.2.1.2 Focal Plane Control Unit

3.2.1.2.1 Internal power switching and operational modes
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Generally, there are no significantly different operational modes in the FCU. The only operational modes
that one could identify are a result of the switching of the power to the IF upconverter. There are some other
power switches, but they are intended for recovery of failure conditions.

The FCU provides power switching for the FP supplies of an entire mixer chain. The switches are part of the
power distribution circuits of each mixer chain. This power switching assures single point failure free
operation of the two mixer chains. If a failure in one chain occurs, including overvoltage, overcurrent or
unintentional oscillation in any FPU related mixer chain circuit, component or interface signal, it will be
possible to switch that chain off, thus assuring the proper operation of the other chain.

The FP power of one entire chain can be switched off upon ICU command. The default position of the
switches is on; both mixer chains will be normally powered upon FCU power up.

Note that there is one known limitation of the command: when the FP power is switched back on, then the
value’s for the mixer bias voltage and the magnet current will be at the positive maximum value (setting
4095, see also sect 5.3). Since band 0 will be selected when the FP power is reapplied, there exists no
hazardous condition, but initialisation is required.

Power switching also occurs for the chopper actuators. Nominally both actuators are applied in a push-pull
mode (both active). In case of failure of one actuator or its drive circuit, one can switch all current to that
actuator off, to assure that the other actuator can drive the chopper mirror over the desired range of rotation.

Note that there is generally no detection of failure conditions in the FCU. All failure detection and recovery
should be performed in either the ICU or in the satellite ground station.

3.2.1.2.2 Power-up or -down sequences

There is no specific power-up or power down sequence required. All ratings as specified are maintained even
if one of the supply voltages is accidentally interrupted.

The general preference is to power up the highest voltages (eg. +/-18V or +/-15V) before the +8 or +5V
supplies are switched on, and to switch off the +8V and +5V supplies before the other voltages are switched
off.

The power up voltage rise time (20-80% of the supply output voltage) of the +5V CU supply voltage should
be less than 100msec. This requirement shall be met at full load (ie. at the maximum output current as
specified in AD4), assuming that the FCU presents a resistive load only.

3.2.1.2.3 Command and housekeeping

The ICU will control the FCU. The FCU will operate as a slave to the ICU commands, not initiating any
activity outside the FCU unit itself.

The ICU can send commands and housekeeping requests to the FCU and the FCU will send responses to the
ICU using a serial interface. This interface is defined in [AD-5], both for interface hardware and for the
protocol.

The FCU will contain cold redundant sections. The command and housekeeping interfaces are connected to
the ICU without cross strapping. All prime FCU sections are operating when the prime ICU is active. For the
user this is transparent: the command and housekeeping is identical for prime and redundant sections (the
same addresses apply), the one active chain will react and/or respond.
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Upon power-up, all settings will be set to zero values. Note that the power-up default will not be a true
digital zero code in all cases, but the power-up default will be the situation with the lowest output levels, ie. a
near-zero bias voltage, lowest actuator current, etc.

The FCU will ignore invalid commands and housekeeping requests. Invalid commands will not be reflected
in the command echo housekeeping channel. Note that this applies to the address section of commands and
housekeeping requests only, invalid data (excess bits) in command values will be ignored, the command will
be executed ignoring the excess data.

3.2.1.2.4 Band switching and dummy loads

The FCU generally has two electronics chains controlling or supplying one out of 5 or 7 pairs of FPU
components such as mixers, magnets, etc. The selection, generally referred to as band selection, is done by
analog multiplexers and is controlled by ICU command. There is one common band selection command that
determines the multiplexer position for all relevant chains.

In order to prevent damage to any of the connected FPU elements, the FCU will, upon reception of a band
switching command, set all related controls to “zero” and allow a settling period (to allow the analog
voltages/currents to assume a near-zero value) before actually switching the multiplexers. This band
selection delay time is fixed for all channels and is 1.2 sec maximum.

Note that the value after band switching for all related settings is “zero” (i.e. near-zero output levels) and will
remain so until further commands from the ICU are received. The ICU may send these new values
immediately after a band switching command (so already during the settling period); they will be effectuated
only after the delay time, after the actual switching of the multiplexers. Only the last command will be
effectuated if more than one command is received for a particular parameter during the delay period.
Exception is the heater pulse command. Heater pulse commands sent during the band switching period will
be ignored.

The FCU will employ multiplexers to select the active band out of the 7 mixer bands. The bands 1-7 are
allocated to channels #1-7. However, the FCU generally uses 8-channel analog multiplexers. The 8" channel
(channel #0) is used to connect simple dummy loads to the output of the mixer chain functions.

The dummy loads consist of resistors only for all functions except for the IF amplifiers. Here the dummy
load also includes a JFET transistor, so that the functional operation of the IF amplifier drain current control
can be checked. Note that the characteristics of the JFET transistors do not match the characteristics of the IF
amplifier HEMT. It is therefore not possible to check the entire drain voltage — drain current parameter space
that can be used for the IF amplifiers.

The dummy loads allow verification of the majority of FCU functions even in the absence of an FPU.

Note that upon power-up always channel #0 will be selected and the dummy loads connected.

3.2.1.25 Commands and housekeeping requests

The command parameters of the FCU are commands of FPU control functions (as described in the following
sections) and commands related to FCU internal functions.

We make a distinction between analog and digital command parameters. Analog command parameters are
analog in their effect only: they affect analog signals such as voltages or current. They are defined via the
same digital serial interface as digital command parameters.

A command exists of 32 data bits (see AD4). We differentiate an address part (the first 16 bits of the
command) and a value part (the last 16 bits). The address identifies the parameter that is associated with the
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command. The same distinction is made for the housekeeping request: a 16 bit address is issued by the ICU,
the 16 bit address plus a 16 bit value is returned by the FCU.

The FCU internal commands are:

e dummy command. A command can be sent to each of the active FPGA’s (5 at a time) that interpret
commands. The command has no effect other than that the value is stored and may be checked through a
housekeeping request. These commands are intended for checkout of the principal operation of the
FPGA’s.

e auxiliary command. This command will allow to set the value of a number of bits (TBD) that are
available on pins of the test connector of the relevant board and may be used to control functions outside
the FCU boards. One purpose is to control an external multiplexer that is used during board tests. There
will be an auxiliary command for both mixer and diplexer boards and for the active common board.

A full listing of all digital and analog commands is given in table 3.2-1 and table 3.2-2 resp.

Command Command effect Default | Address #Bits Not
e

Mixer chain H on/off CPR_MXHPWR 0=off / 1=on 1 CF08 1

Mixer chain V on/off CPR_MXVPWR 0=off / 1=on 1 CF09 1
Active mixer band CPR_MXBAND 0..7dec = band 0..7 resp 0 CFO01 3
Upconverter H on/off CPR_UCHPWR 0=off / 1=on 0 CF0B 1
Upconverter V on/off CPR_UCVPWR 0=off / 1=on 0 CF0C 1
Chopper actuator power on/off | CPR_CHAPWR 0=on / 1=off 0 CFOA 1
Chopper filter parameter G1 CPR_CHFPG1 18 CF13 10
Chopper loop parameter G2 CPR_CHFPG2 201 CF14 10
Chopper loop parameter Z1 CPR_CHFPZ1 1010 CF15 10
Chopper loop parameter Z2 CPR_CHFPZ2 885 CF16 10
Chopper loop parameter P2 CPR_CHFPP2 149 CF17 10
Chopper sine/loop mode CPR_CH_SLM Bit 0: O=open / 01 CFl11 2 1

1=closed
Bit 1: 0=osc on / 1=0sc
off

Auxiliary command Com P/R | CPR_CCAUXB Used for test purpose 127 CF05 7
Dummy command com P/R CPR_CCDMMY Used for test purpose 0 CF00 16
Diplexer filter parameter P1H | CH1_DPFPP1 227 CC13 8
Auxiliary command mixer H CH1_MXAUXB Used for test purpose 127 CC05 7
Dummy command mixer H CH1_MXDMMY Used for test purpose 0 CCO00 16
Auxiliary command IF H CH2_IFAUXB Used for test purpose 127 CC85 16
Dummy command IF H CH2_IFDMMY Used for test purpose 0 CC80 16
Diplexer filter parameter P1V | CV1_DPFPP1 227 CD13 8
Auxiliary command mixer V CV1_MXAUXB Used for test purpose 127 CD05 7
Dummy command mixer V CV1l MXDMMY Used for test purpose 0 CDO00 16
Auxiliary command IF V CV2_IFAUXB Used for test purpose 127 CD85 16
Dummy command IF V CV2_IFDMMY Used for test purpose 0 CD80 16

Note 1: sine/loop mode can be 0,1 or 2 only. If value 3 is commanded, this will have the same effect as value

1.

Table 3.2-1, FCU digital command functions
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Command Command Command range Ouput range Addres

label s

SCOE Min | Default Zero VEN
Chopper -9 deg +9 deg
rotation closed
loop
Chopper CPR_CH_ROT |0 2048 4095 237 mA | 3237 mA CF10 12 1
current open
loop
Calibrator CPR_CS_CUR |0 0 255 |0 +2.2mA CF26 8
heater current
Magnet CH1_MX_MGC | 0 2048 4095 | -15.58 +15.58mA | CC22 12
current H mA
Mixer bias CH1_MXJINCV | 0 2048 4095 | -10mV +10mV CC20 12
voltage H
Diplexer CH1_DPACTC |0 2048 4095 | -2.244 +2.244mA | CC10 12
actuator mA
current H
Mixer heater CH1_DHTR_P |0 0 4095 | O 40.95sec CC24 12
pulse duration
H
First IF drain CH2_FIFDV1 0 17 255 |0 +1.122V CCA8 8
volt. stage 1 H
First IF drain CH2_FIFDV2 0 17 255 |0 +1.122V CCAB 8
volt. stage 2 H
First IF drain CH2_FIFDC1 0 25 255 |0 5.09mA CCA9 8
curr. stage 1 H
First IF drain CH2_FIFDC2 0 25 255 |0 5.09mA CCAC 8
curr. stage 2 H
Sec. IF drain CH2_SIFDV1 0 17 255 |0 +1.122V CCAE 8
volt. stage 1 H
Sec. IF drain CH2_SIFDV2 0 17 255 |0 +1.122V CcCB1 8
volt. stage 2 H
Sec. IF drain CH2_SIFDV3 0 17 255 |0 +1.122V CccB4 8
volt. stage 3 H
Sec. IF drain CH2_SIFDC1 0 25 255 |0 5.09mA CCAF 8
curr, stage 1 H
Sec. IF drain CH2_SIFDC2 0 25 255 |0 5.09mA CcCB2 8
curr, stage 2 H
Sec. IF drain CH2_SIFDC3 0 25 255 |0 5.09mA CCB5 8
curr, stage 3 H
Magnet CV1_MX_MGC | 0 2048 4095 | -15.58 +15.58mA | CD22 12
current V mA
Mixer bias CV1_MXJINCV | 0 2048 4095 | -10mV +10mV CD20 12
voltage V
Diplexer CV1_DPACTC |0 2048 4095 | -2.244 +2.244mA | CD10 12
actuator mA
current V
Mixer heater CV1_DHTR_P 0 0 4095 | O 40.95sec CD24 12
pulse duration
\Y
First IF drain CV2_FIFDV1 0 17 255 |0 +1.122V CDAS8 8
volt. stage 1 V
First IF drain CV2_FIFDV2 0 17 255 |0 +1.122V CDAB 8
volt. stage 2 V
First IF drain CV2_FIFDC1 0 25 255 |0 5.09mA CDA9 8
curr. stage 1V
First IF drain CV2_FIFDC2 0 25 255 |0 5.09mA CDAC 8
curr. stage 2 V
Sec. IF drain CV2_SIFDV1 0 17 255 | 0 +1.122V CDAE 8
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Command Command Command range Ouput range

label

SCOE Min | Default Zero VEN |
volt, stage 1 V
Sec. IF drain CV2_SIFDV2 0 17 255 0 +1.122V CDB1 8
volt, stage 2 V
Sec. IF drain CV2_SIFDV3 0 17 255 0 +1.122V CDB4 8
volt, stage 3V
Sec. IF drain CV2_SIFDC1 0 25 255 0 5.09mA CDAF 8
curr, stage 1 V
Sec. IF drain CV2_SIFDC2 0 25 255 |0 5.09mA CDB2 8
curr, stage 2 V
Sec. IF drain CV2_SIFDC3 0 25 255 0 5.09mA CDB5 8
curr, stage 3V

Note 1: the transfer of this analog command is inverted: a setting value of “0” will give the most positive
output level, a setting of “4095” will cause the most negative output level.

Table 3.2-2, FCU analog command functions

The FCU provides read back of all command parameters (both analog and digital) to allow verification of
unit/subsystem configuration. This is referred to as digital housekeeping.

Besides retrieval of all command parameters, there are a few other parameters that can be retrieved through
the FCU digital housekeeping. These non-command parameters are provided by each (of the 5) active
FPGA. These are:
e Version. The FCU provides three version parameters:
o Model version. Allows to distinguish the various FCU design generations
o FPGA version. Identifies the version number of the design of the FPGA
e Board version. Provides a unique version number for each FCU mixer, IF or common board. The
version numbers differential only between boards of one type (i.e. do not distinguish mixer, IF or
common boards)
e Status. The status register contains a number of flags that signal specific operational conditions of the
FPGA. These conditions are:
e whether the prime or the redundant CMD/HK interface is active
e aband change delay is in progress
o the chopper or diplexer algorithms are active. Note that the execution of one algorithm cycle usually
takes a fraction of a millisecond only. With the given speed of the HK interface it is therefore not
possible to get an impression of the time the algorithm executes.
For more details, see .
o Error code. The FPGA’s on the mixer bias, IF and common boards will signal and identify a failure of
the HK ADC to complete a conversion within 20usec (TBC).

The command echo is a special housekeeping channel The FCU will provide a representation of the last
command it received. This allows to verify the correct operation of the ICU — FCU serial interface. Since the
FCU has 5 active parts (FPGA’s) that each handle a subset of the total FCU command set, the echo will be
issued by the device that handled the last command. The FCU will only return valid commands to the FCU
in the command echo. Note that each FPGA will return any valid command to the FCU.

A listing of all digital housekeeping channels is given in Tables 3.2-3 through .3.2-5
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HK channel

Addres

S

Note

Meaning of value

Mod / Act / Board version DPR_CCMAB
numbers \
Status DPR_CCSTAT | 16 8F03
Error flags DPR CCERRS | 16 8F04
Dummy command DPR_CCDMM | 16 8F00 None
Y
Auxiliary command DPR_CCAUXB | 16 8F05 None
Last command echo DPR_CCLAST | 32 8F07 Last command
address and data
Mixer chain H on/off DPR_MXHPW |1 8F08 0=off / 1=on
R
Mixer chain V on/off DPR_MXVPW |1 8F09 0=off / 1=on
R
Active mixer band DPR_MXBAN |3 8F01 0..7dec = band 0..7
D resp
Chopper actuator power DPR_CHAPW |1 8F0A 0=off / 1=on
on/off R
Chopper sine/loop mode DPR_CH_SLM | 2 8F11 Bit 0: O=open /
1=closed
Bit 1: 0=osc on /
1=o0sc off
Chopper rotation/current DPR CH ROT | 12 8F10
Chopper DAC output DPR CH DAC | 12 8F12
Calibrator heater current DPR CS CUR | 8 8F26
Upconverter H on/off DPR_UCHPW |1 8F0B 0=off / 1=on
R
Upconverter V on/off DPR_UCVPW |1 8F0C 0=off / 1=0n
R
Chopper loop parameter P2 | DPR_CHFPP2 | 10 8F17
Chopper loop parameter Z1 | DPR_CHFPZ1 | 10 8F15
Chopper loop parameter Z2 | DPR_CHFPZ2 | 10 8F16
Chopper loop parameter G1 | DPR_CHFPG1 | 10 8F13
Chopper loop parameter G2 | DPR_CHFPG2 | 10 8F14

Table 3.2-3, FCU digital housekeeping functions, common board

HK channel Label # Address Meaning of value  Note
SCOE Bits

Mod / Act / Board version DH1_MXMAB | 12 8C02

numbers H \

Status H DH1 MXSTAT | 16 8C03

Error flags H DH1 _MXERRS | 16 8C04

Dummy command H DH1 MXDMM | 16 8C00 None
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Y
Auxiliary command H DH1 MXAUX | 16 8C05 None
B
Last command echo H DH1 MXLAST | 32 8CO07 Last command
address and data
Active mixer band H DH1_MXBAN |3 8C01 0..7dec = band 0..7
D resp
Diplexer current H DH1 DPACTC | 12 8C10
Diplexer DACH DH1 DP DAC | 12 8C12
Diplexer filter control DH1_DPFPP1 | 8 8C13
parameter P1 H
Mixer junction voltage H DH1 MXJNCV | 12 8C20
Magnet current H DH1 MXJINCC | 12 8C22
Mixer deflux heater pulse H | DH1 DHTR P | 12 8C24
Mod / Act / Board version DV1 MXMAB | 12 8D02
numbers V \
Status V DV1 MXSTAT | 16 8D03
Error flags V DV1 MXERRS | 16 8D04
Dummy command V DV1_MXDMM | 16 8D00 None
Y
Auxiliary command V DV1 MXAUX | 16 8D05 None
B
Last command echo V DV1 MXLAST | 32 8D07 Last command
address and data
Active mixer band V DVl MXBAN |3 8D01 0..7dec = band 0..7
D resp
Diplexer current V DV1 DPACTC | 12 8D10
Diplexer DAC V DV1 DP DAC | 12 8D12
Diplexer filter control DV1_DPFPP1 | 8 8D13
parameter P1V
Mixer junction voltage V DV1 MXJNCV | 12 8D20
Magnet current V DV1 MXJINCC | 12 8D22
Mixer deflux heater pulse V | DV1 DHTR P | 12 8D24

Table 3.2-4, FCU digital housekeeping functions, mixer boards

HK channel Label # Address Meaning of value  Note
SCOE Bits

Mod / Act / Board version DH2_IFMABV 12 8C82

numbers H

Status H DH2 IFSTAT 16 8C83

Error flags H DH2_IFERRS 16 8C84

Dummy command H DH2_IFDMMY | 16 8C80 | None

Auxiliary command H DH2 IFAUXB 16 8C85 | None

Last command echo H DH2_IFLAST 32 8C87 | Last command

address and data

Active mixer band H DH2_MXBAN 3 8C81 | 0..7dec =hand 0..7

D resp
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HK channel

First IF amp drain voltage,
stage 1 H

Label # Address

SCOE Bits

DH2_FIFDV1 8 8CA8

Meaning of value

First IF amp drain current,
stage 1 H

DH2_FIFDC1 8 8CA9

First IF amp drain voltage,
stage 2 H

DH2_FIFDV?2 8 8CAB

First IF amp drain current,
stage 2 H

DH2_FIFDC2 8 8CAC

Second IF amp drain
voltage, stage 1 H

DH2_SIFDV1 8 8CAE

Second IF amp drain
current, stage 1 H

DH2_SIFDC1 8 8CAF

Second IF amp drain
voltage, stage 2 H

DH2_SIFDV?2 8 8CB1

Second IF amp drain
current, stage 2 H

DH2_SIFDC?2 8 8CB2

Second IF amp drain
voltage, stage 3 H

DH2_SIFDV3 8 | 8CB4

Second IF amp drain
current, stage 3 H

DH2_SIFDC3 8 8CB5

Mod / Act / Board version
numbers V

DV2_IFMABV 12 8D82

Status V DV2_IFSTAT 16 8D83
Error flags V DV2_IFERRS 16 8D84
Dummy command V DV2 IFDMMY | 16 8D80 | None
Auxiliary command V DV2_IFAUXB 16 8D85 | None

Last command echo V

DV2_IFLAST 32 8D87

Last command
address and data

Active mixer band VV

DV2_MXBAN 3 8D81
D

0..7dec = band 0..7
resp

First IF amp drain voltage,
stage 1 V

DV2_FIFDV1 8 8DAS

First IF amp drain current,
stage 1V

DVZ2_FIFDC1 8 8DA9

First IF amp drain voltage,
stage 2 V

DV2_FIFDV?2 8 8DAB

First IF amp drain current,
stage 2 V

DV2_FIFDC2 8 8DAC

Second IF amp drain
voltage, stage 1 V

DV2_SIFDV1 8 8DAE

Second IF amp drain
current, stage 1 V

DVZ2_SIFDC1 8 8DAF

Second IF amp drain
voltage, stage 2 V

DV2_SIFDV2 8 8DB1

Second IF amp drain
current, stage 2 V

DV2_SIFDC2 8 8DB2

Second IF amp drain

DV2_SIFDV3 8 8DB4

Doc. no. : SRON-U/HIFI/UM/2004-001
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HK channel Label # Address Meaning of value  Note
SCOE Bits
voltage, stage 3 V
Second IF amp drain DVv2_SIFDC3 8 8DB5

current, stage 3 V

Table 3.2-5, FCU digital housekeeping functions, IF boards

The FCU also provides measurement of an extensive set of analog parameters to provide detailed insight in
the actual operation conditions of essential components in the FPU and FCU. This is referred to as analog

housekeeping.

The analog housekeeping channels that are related to the various FPU control functions, details and a full list
of all analog housekeeping channels can be found in tables 3.2-6 through 3.2-8.

HK channel Input range Nominal value Address Note
HK channel label
SCOE Min Max Min Max
Chopper rotation| APR_CH_ROT |-14.65V |+14.65V |-10V +10V  |8F50 1
Chopper act APR_CH_AVP -10vV +10V | 8F53
voltage P -14.64V | +14.64V
Chopper act APR_CH_ACP |-29.8mA |+29.8mA |-23mA [+23mA |[8F51
current P
Chopper act APR_CH_AVR -10vV +10V  |8F54
voltage R -14.64V | +14.64V
Chopper act APR_CH_ACR |-29.8mA |+29.8mA |-23mA [+23mA |[8F52
current R
Upconverter APR_UCONV +4.8vV |+5.2V |8F60
voltage H H -10.1V  [+10.1V
Upconverter APR_UCONC |- 50mA  |100mA |8F62 1
current H H 194.91m |+194.91
A mA
Upconverter APR_UCONT v +9V 8F64 2
temp H H -10.1vV  [+10.1V
Upconverter APR_UCONV 101V |+101V +4.8V |+5.2V |8F61
voltage V V
Upconverter APR_UCONC |- 50mA  |100mA |8F63 1
current V \Y 194.91m |+194.91
A mA
Upconverter APR_UCONT 101V +101V v +9V 8F65 2
temp V \Y
Calibrator heater |APR_CS_VOL (-20.0vV  |+20.0V |0V +10V  |8F67
voltage
Calibrator heater |[APR_CS_CUR [-3.9mA |+3.9mA |0mA +2.2mA |8F66
current
Cryo TS 10K APR_CTS10K |-10.0V or |+10.0V [-9.95V [+9.95V |[8F79 3
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HK channel Input range Nominal value  Address Note
HK channel label
SCOE
baseplate -0.01KQ |or or or
1.127KQ |OKQ 1.1KQ
Cryo TS dummy -10.0V or (+10.0V [+1.4Vor|+3.0V |8F7E 3
+60KQ |or +117KQ |or
APR_CTSDM +160KQ +125K
Y Q
Cryo TS Cal +0.6239V [ +1.6334 [+0.6239 |+1.6334 |8F7A
Hot Source APR _CTSCHS \Y V V
Cryo TS 2K -10.0V or [+10.0V [-9.8V or |+10.0V |8F7B 3
strap -0.09KQ |or 0KQ or
+9.908K +9.9KQ
APR _CTS 2K Q
Cryo TS Cal -10.0V or [+10.0V [-9.8V or |+9.50V |8F78 3
Cold Source -0.01KQ |or 0KQ or
+1.127K +1.1KQ
APR_CTSCCS Q
Cryo TS 4K -10.0V or (+10.0V |-9.8Vor |+9.3V |8F7C 3
strap -0.02KQ |or 0KQ or
+2.384K 2.3KQ
APR_CTS 4K Q
Cryo TS IF-2 -10.0V or (+10.0V [-9.8V or |+9.50V |8F7D 3
box -0.01KQ |or 0KQ or
+1.127K +1.1KQ
APR_CTSIF2 Q
Voltage +15V +15.4V |+16.2V |8F40
FCU total APR_VPI5FT |-20V 20V
Voltage +5V +5.8V  |[+6.0V [8F42
FCU total APR_VPO5FT |-10V 10V
Voltage -15V -16.2V  |-15.4V |8F41
FCU total APR_VMI15FT |-20 V 20V
Voltage +15V +145V |+15.8V |8F46
cold red APR_VP15CU |-20V 20V
Voltage -15V -15.8V  |-14.6V |8F47
cold red APR_VM15CU (-20 V 20V
Voltage +5V +5.0v  |+5.2V |8F48
cold red APR_VP0O5CU |-10V 10V
Voltage +2.5V +2.3V  |[+2.7V |8F49
cold red APR_V2P5CU |-10V 10V
Voltage +18V +17V +20V | 8F58
FCU total APR_VPI18FT |-20V 20V
Voltage +8V +7V +9V 8F5A
FCU total APR_VPOBFT |-10V 10V
Voltage -18V -20V -17v 8F59
FCU total APR_VMI18FT |-20 V 20V
Current +15V  [APR_CP15FT |- 562.4mA |+100mA [+220m |8F43
FCU total 562.4mA A
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HK channel Input range Nominal value  Address Note
HK channel label

SCOE
Current +5V APR_CPO5FT |- 562.4mA | +100mA |+300m |[8F45
FCU total 562.4mA A
Current -15V APR_CMI15FT |- 562.4mA |-170mA |-80mA |[8F44
FCU total 562.4mA
Current +15V  |APR_CP15CU |- +100.4m |+30mA |+50mA |[8F4B 1
cold red 100.4mA |A
Current -15V APR_CM15CU |- +100.4m |-40mA |-30mA |8F4D 1
cold red 100.4mA |A
Current +15V  |APR_CP15WU |- +196.8m |+20mA |+50mA |[8F4A 1
warm red 196.8mA |A
Current -15V APR_CM15W |- +196.8m |-45mA |-15mA |8F4C 1
warm red U 196.8mA |A
Current +5V APR_CP05CU |-98.4mA |98.4mA |+30mA ([+300m |8F4E
cold red A
Current +2.5V  |APR_C2P5CU |-50.2mA |50.2mA |0mA +2mA |8F4F
cold red
Current +18V  |APR_CP18FT |- 386.0mA |+130mA |+220m |[8F5B
FCU total 386.0mA A
Current +8V APR_CPOSFT |- 193.0mA [+20mA [+90mA |8F5D
FCU total 193.0mA
Current -18V - -180mA |-110mA |8F5C
FCU total APR_CMI18FT |386.0mA |386.0mA
Common board [APR_CHBTMP|-10.1V +10.1V |+2.45V |+8.0V |8F7F 2
temp
FPU ground APR_FPUGND |-1.01V +1.01vV |[-0.1V +0.2V |8F55 1
reference
+5V ref voltage |APR_VP5REF |-10.1V +10.1V |+4.8V |+5.2V |[8F56

Note 1: the transfer of this housekeeping is inverted: the most positive input value will result in an ADC

value of 0, the most negative input value will yield 65535.

Note 2: a conversion to translate ADC values into temperatures is given in sect 3.2.1.2.6 of this document.
Note 3: ranges are given as ADC input values in [V]. The FCU-SCOE can convert this directly into the
equivalent resistance value’s

Table 3.2-6, FCU analog housekeeping functions, common board

HK channel HK channel Input range Nominal Value  Addres Note
label S
SCOE Min Max Min Max

Diplexer act AH1 DPACT | -14.6V +14.6V | -10V +10V

voltage H \Y 8Ch1

Diplexer act AH1 DPACT | -42mA | +4.2mA | - +2.2m

current H C 22mA | A 8C50

Mixer junction | AHL MXJINC | -14.8mV | +14.8m | -10mV | +10mV

voltage H \Y \Y 8C60
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HK channel

HK channel
label
SCOE

Input range

Min

Nominal Value

Addres Note

Mixer junction | AHL_MXINC | -41.3mV | +41.3m | -41mV | +41mV
current H C Vv 8C61
Mixer magnet AH1 MX M -13.9V +13.9V | -10V +10V
voltage H GV 8C63
Mixer output AH1 MXOU | -14.6V +14.6V | -10V +10V
voltage H TV 8C66
Mixer magnet AH1_MX M |-19.0mA | +19.0m [ -15mA | +15mA
current H GC A 8C62
Mixer heater AH1 DHTR_ ov +30V
voltage H \Y -31.25V | 31.25V 8C65
Mixer heater AH1_ DHTR_ | - OmA +20mA
current H C 37.72m 37.72m
A A 8C64

Voltage +15V AH1 VP15FP +14.8 | +15.2V | 8C40
FPH 20V 20V \Y/
Voltage -15V AH1 VMI15F -15.2V | -14.8V | 8C41
FPH P 20V 20V
Voltage +5V FP | AH1_VPO5FP +4.8V | +5.4V | 8C42
H -0V 10V
Voltage +15V AH1 VP15C +14.5 | +16.0V | 8C48
CUH U 20V 20V \V
Voltage -15V AH1 VM15C -16.0V | -14.5V | 8C49
CUH U 20V 20V
Voltage +5V AH1 VPO5C +4.6V | +5.2V | 8C4A
CUH U -10V 10V
Voltage +2V5 AH1 V2P5C +2.3V | +2.7V | 8C4B
CUH U -10V 10V

AH1 CP15FP | - +20m | +50mA | 8C43
Current +15V 192.5m 1925m | A
FPH A A

AHl1 CM15F | - -40mA | -5mA 8C44
Current -15V P 192.5m 192.5m
FPH A A

AH1 _CPO5FP | - OmA +10mA | 8C45
Current +5V FP 188.6m 188.6m
H A A

AH1 CP15CU | - 10mA | +25mA | 8C4C
Current +15V 192.5m 192.5m
CUH A A

AH1 CM15C | - -20mA | -BmA 8C4D
Current -15V U 192.5m 192.5m
CUH A A

AH1 CPO5CU | - +20m | +30mA | 8C4E
Current +5V 188.6m 188.6m | A
CUH A A
Current +2V5 AH1 C2P5CU | -96.2mA | 96.2mA | OmA +2mA | 8C4F
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HK channel HK channel Input range Nominal Value  Addres Note

label

SCOE Min
CUH
FPU ground AH1 FPURE | - -10mV | +10mV | 8C79
voltage H F 188.6m | 188.6m

\ \
Mixer board AH1_MXBT | -10.0V +10.0vV | +245 | +8.0V | 8C78 1
temperature H MP \
Diplexer act AV1 DPACT | -14.6V +14.6V | -10V +10V
voltage V V 8D51
Diplexer act AV1 DPACT | -4.2mA | +4.2mA | - +2.2m
current V C 22mA | A 8D50
Mixer junction | AV1_MXINC | -14.8mV | +14.8m | -10mV | +10mV
voltage V V \ 8D60
Mixer junction | AV1 MXJINC | -41.3mV | +41.3m | -41mV | +41mV
current V C \% 8D61
Mixer output AV1_MXOU | -14.6V +14.6V | -10V +10V
voltage V TV 8D66
Mixer magnet AVl MX M | -13.9V +13.9V | -10V +10V
voltage V GV 8D63
Mixer magnet AVl MX M |-19.0mA | +19.0m [ -15mA | +15mA
current V GC A 8D62
Mixer heater AV1 DHTR_ ov +30V
voltage V \ -31.25V | 31.25V 8D65
Mixer heater AV1 DHTR_ | - OmA +20mA | 8D64
current V C 37.72m | 37.72m
A A

Voltage +15V | AV1 VP15FP +14.8 | +15.2V | 8D40
FPV -20V 20V \Y
Voltage -15V AV1 VM15F -15.2V | -14.8V | 8D41
FPV P -20V 20V
Voltage +5V FP | AV1 VPO5FP +4.8V | +5.4V | 8D42
V -10V 0V
Voltage +15V | AV1 VP15C +145 | +16.0V | 8D48
CUV U -20V 20V \Y
Voltage -15V AV1 VM15C -16.0V | -14.5V | 8D49
CUV U 20V 20V
Voltage +5V AV1 VPO5C +4.6V | +5.2V | 8D4A
CUV U -10V 10V
Voltage +2V5 | AV1 V2P5C +2.3V | +2.7V | 8D4B
CUV U -10V 0V

AV1_CP15FP | - +20m | +50mA | 8D43
Current +15V 1925m |[1925m | A
FPV A A

AV1l CM15F | - -40mA | -5mA | 8D44
Current -15V P 192.5m | 192.5m
FPV A A
Current +5V FP | AV1 CPO5FP | - 188.6m | OmA +10mA | 8D45
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HK channel HK channel Input range Nominal Value  Addres Note

label

SCOE

AV1_CP15CU | - 10mA | +25mA | 8D4C
Current +15V 192.5m | 192.5m
CUvVv A A

AV1l _CM15C | - -20mA | -5mA | 8D4D
Current -15V U 192.5m | 192.5m
CUuVv A A

AV1_CP0O5CU | - +20m | +30mA | 8D4E
Current +5V 188.6m | 188.6m | A
CUV A A
Current +2V5 AV1_C2P5CU OmA +2mA | 8D4F
CUvVv -96.2mA | 96.2mA
FPU ground AV1 FPURE | - -10mV | +10mV | 8D79
voltage V F 188.6m | 188.6m

\ \

Mixer board AV1_MXBT | -10.0V +10.0v | +245 | +8.0vV |8D78 1
temperature V MP V

Note 1: a conversion to translate ADC values into temperatures is given in sect 3.2.1.2.6 of this document.

Table 3.2-7, FCU analog housekeeping functions, mixer board

HK channel HK channel Input range Nominal value Addres Not
label S e
SCOE Min Max Min Max

FIF1, drain AH2_FIFDV1 | -1.40V | +1.40V |0V +1.1V

voltage H 8CES8

FIF1, drain AH2_FIFDC1 | -6.1mA | +6.1mA [ OmA | +5mA

current H 8CE9

FIF1, gate AH2 _FIFGV1 | -14.6V | +14.6V |-11V | +6V

voltage H 8CEA

FIF2, drain AH2 FIFDV2 | -1.40V | +1.40V | OV +1.1V

voltage H 8CEB

FIF2, drain AH2_FIFDC2 | -6.1mA | +6.1mA | OmA +5mA

current H 8CEC

FIF2, gate AH2 FIFGV2 | -14.6V | +146V |-11V | +6V

voltage H 8CED

SIF1, drain AH2 SIFDV1 | -1.40V | +1.40V | OV +1.1V

voltage H 8CEE

SIF1, drain AH2_SIFDC1 | -6.1mA | +6.1mA [ OmA | +bmA

current H 8CEF

SIF1, gate AH2 SIFGV1 | -14.6V | +14.6V |-11V | +6V

voltage H 8CFO0

SIF2, drain AH2 SIFDV2 | -1.40V | +1.40V | OV +1.1V | 8CF1
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HK channel HK channel Input range Nominal value Addres Not
label
SCOE Min
voltage H
SIF2, drain AH2_SIFDC2 | -6.1mA | +6.1mA | OmA | +5mA
current H 8CF2
SIF2, gate AH2 SIFGV2 | -14.6V | +146V |-11V | +6V
voltage H 8CF3
SIF3, drain AH2_SIFDV3 | -1.40V | +1.40V | OV +1.1V
voltage H 8CF4
SIF3, drain AH2_SIFDC3 | -6.1mA | +6.1mA [ OmA | +5mA
current H 8CF5
SIF3, gate AH2 SIFGV3 | -14.6V | +14.6V | -11V | +6V
voltage H 8CF6
. -189mV | +189m +25m
rFeI;:isttZsr:chILe AH2_FIF_WR | or - or SYOQ or 8CFC
220Q +220Q +30Q
. -189mV | +189m +25m
f;;;tzsgc"ef’f AH2_SIF_WR | or - or SYOQ or 8CFD
220Q +220Q +30Q
Voltage +15V | AH2_VP15FP +14.8 | +15.2V | 8CCO
FPH -20V 20V \Y
Voltage -15V AH2_VM15F -15.2V | -14.8V | 8CC1
FPH P -20V 20V
Voltage +5V FP | AH2_VPO5FP +4.8V | +5.4V | 8CC2
H -10V 10V
Voltage +15V | AH2_VP15C +145 | +16.0V | 8CC8
CUH U -20V 20V \Y
Voltage -15V AH2_VM15C -16.0V | -14.5V | 8CC9
CUH U 20V 20V
Voltage +5V AH2_ VPO5C +4.6V | +5.2V | 8CCA
CUH U -10V 10V
Voltage +2V5 | AH2 V2P5C +2.3V | +2.7V | 8CCB
CUH U -10V 10V
AH2_CP15FP | - +35m | +60mA | 8CC3
Current +15V 192.5m | 1925m | A
FPH A A
AH2_CM15F | - -45mA | -30mA | 8CC4
Current -15V P 192.5m | 192.5m
FPH A A
AH2_CPO5FP | - 5mA | +35mA | 8CC5
Current +5V FP 188.6m | 188.6m
H A A
AH2_CP15CU | - 5mA | +25mA | 8CCC
Current +15V 192.5m | 192.5m
CUH A A
AH2_CM15C | - -10mA | OmA 8CCD
Current -15V U 192.5m | 192.5m
CUH A A
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HK channel HK channel Input range Nominal value Addres Not
label
SCOE
AH2_CP05CU | - +20m | +30mA | 8CCE
Current +5V 188.6m | 188.6m | A
CUH A A
Current +2V5 AH2_C2P5CU OmA | +2mA | 8CCF
CUH -96.2mA | 96.2mA
FIF return sense | AH2_FIFRTN | -10V +10V -0.01Vv | +0.1V
voltage H 8CFA
SIF return sense | AH2_SIFRTN | -10V +10V -0.01V | +0.1V
voltage H 8CFB
+5V reference | AH2_VP5REF | -10V +10V +4.8V | +5.2V
voltage H 8CF9
IF board AH2_IFBTE -10v +10V +1.2V | +4.0V 1
temperature H MP 8CF8
FIF1, drain AV2 _FIFDV1 | -1.40V | +1.40V |0V +1.1V
voltage V 8DES8
FIF1, drain AV2 _FIFDC1 | -6.1mA | +6.1mA [ OmA | +5mA
current vV 8DE9
FIF1, gate AV2 FIFGV1 | -14.6V | +14.6V | -11V | +6V
voltage V 8DEA
FIF2, drain AV2_FIFDV2 | -1.40V | +1.40V |0V +1.1V
voltage V 8DEB
FIF2, drain AV2_FIFDC2 | -6.1mA | +6.1mA [ OmA | +5mA
current V 8DEC
FIF2, gate AV2 FIFGV2 | -14.6V | +14.6V | -11V | +6V
voltage V 8DED
SIF1, drain AV2_SIFDV1 | -1.40V | +1.40V |0V +1.1V
voltage V 8DEE
SIF1, drain AV2 _SIFDC1 | -6.1mA | +6.1mA [ OmA | +5mA
current V 8DEF
SIF1, gate AV2 SIFGV1 | -14.6V | +146V |-11V | +6V
voltage V 8DFO0
SIF2, drain AV2 SIFDV2 | -1.40V | +1.40V | OV +1.1V
voltage V 8DF1
SIF2, drain AV2_SIFDC2 | -6.1mA | +6.1mA [ OmA | +bmA
current V 8DF2
SIF2, gate AV2 SIFGV2 | -14.6V | +14.6V |-11V | +6V
voltage V 8DF3
SIF3, drain AV2_SIFDV3 | -1.40V | +1.40V |0V +1.1V
voltage V 8DF4
SIF3, drain AV2 SIFDC3 | -6.1mA | +6.1mA [ OmA | +bmA
current V 8DF5
SIF3, gate AV2 SIFGV3 | -14.6V | +14.6V |-11V | +6V
voltage V 8DF6
. -189mV | +189m +25m
f;;;tzsrfc"g'\rf AV2_FIF_WR | or - or gYOQ o 8DFC
220Q +220Q +30Q
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HK channel HK channel Input range Nominal value Addres Not
label
SCOE
. -189mV | +189m +25m
f;;;tzsrfc"e"”ve AV2_SIF_WR | or - or SYO q |or 8DFD
220Q +220Q +30Q
Voltage +15V | AV2_VP15FP +14.8 | +15.2v | 8DCO
FPV -20V 20V \Y
Voltage -15V AV2_VM15F -15.2V | -14.8V | 8DC1
FPV P -20V 20V
Voltage +5V FP | AV2_VPO5FP +4.8V | +5.4v | 8DC2
\Y -10V 10V
Voltage +15V | AV2_VP15C +145 | +16.0vV | 8DC8
CUV U -20V 20V \
Voltage -15V AV2_VM15C -16.0V | -14.5V | 8DC9
CUV U -20V 20V
Voltage +5V AV2_VP05C +4.6V | +5.2V | 8DCA
CUV U -10V 10V
Voltage +2V5 | AV2_V2P5C +2.3V | +2.7V | 8DCB
CUV U -10V 10V
AV2_CP15FP | - +35m | +60mA | 8DC3
Current +15V 192.5m | 1925m | A
FPV A A
AV2_CMI15F | - -45mA | -30mA | 8DC4
Current -15V P 192.5m | 192.5m
FPV A A
AV2_CPO5FP | - 5mA | +35mA | 8DC5
Current +5V FP 188.6m | 188.6m
\Y A A
AV2_CP15CU | - 5mA | +25mA | 8DCC
Current +15V 192.5m | 192.5m
CUV A A
AV2_CM15C | - -10mA | OmA 8DCD
Current -15V U 192.5m | 192.5m
CUV A A
AV2_CP05CU | - +20m | +30mA | 8DCE
Current +5V 188.6m | 188.6m | A
CUV A A
Current +2V5 AV2_C2P5CU OmA | +2mA | 8DCF
CUV -96.2mA | 96.2mA
FIF return sense | AV2_FIFRTN | -10V +10V -0.01V | +0.1V
voltage V 8DFA
SIF return sense | AV2_SIFRTN | -10V +10V -0.01V | +0.1V
voltage V 8DFB
+5 V reference | AV2_VP5REF | -10V +10V +4.8V | +5.2V
voltage V 8DF9
IF board AV2_IFBTE -10V +10V +1.2V | +4.0V 1
temperature V MP 8DF8

Note 1: a conversion to translate ADC values into temperatures is given in sect 3.2.1.2.6 of this document.
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Table 3.2-8, FCU analog housekeeping functions, IF board

3.2.1.2.6 Temperature conversion

The temperature of each FCU board is monitored. The thermistors are biased in a voltage divider
configuration. The voltage across the sensor as seen at the FCU input is measured. The housekeeping value
is thus basically a voltage, but it is possible to convert this voltage into a temperature, for sensors with given
temperature-resistance relations.

The following formula may be used to convert the housekeeping value (the decimal representation of the
binary value, ie. numbers 0-65535) into the temperature in deg C:

Temp = (PC(0) + PC(1) *x + PC(2) * X2+ PC(3)* x3) /(1+ PC(4) * x + PC(5) * X2 + PC(6) * x\3)

X = the HK value
PC(n) = polynominal coefficients as in the table below.

The conversion coefficient depends on the sensor type and on the voltage divider configuration in which they
are applied. The table below shows the conversion coefficients for the various boards of the FCU DM2 and
FCU FM models, as well as the conversion for the IF upconverter temperature for a YSI 5K NTC and for
the Fenwal 31BS12 sensor.
DM2 - MX/COM Upconv FWL
(QM&FM)

DM2-IF | FM- MX/COM

PC(0) 29.47 -264.6 | 2.797869e+01 | -2.407103e+02 | 2.797869e+01
PC(1) -2.461e-03 | 3.458e-02 | -2.526800e-03 | 3.342712e-02 | -2.526800e-03
PC(2) 5.930e-08 | -1.389e-06 5.925584e-08 | -1.424264e-06 | 5.925584e-08
PC(3) -4.349e-13 | 1.753e-11 | -4.120030e-13 | 1.806461e-11 | -4.120030e-13
PC(4) -5.580e-05 | -3.691e-06 | -5.596100e-05 | -3.190672e-06 | -5.596100e-05
PC(5) 8.827e-10 | -6.274e-09 8.830479e-10 | -6.369453e-09 | 8.830479e-10
PC(6) -4.049e-15 | 1.632e-13 | -4.042045e-15 | 1.605626e-13 | -4.042045e-15

3.2.1.2.7 Command sequences

The FCU will nominally execute commands in the order they arrive from the ICU. The FCU will nominally
be able to handle the commands at the maximum speed that the interface between ICU and FCU allows.
However, there are some commands that take a significant amount of time to complete. These are:

Mixer junction voltage setting (5msec)

Mixer magnet setting (5msec)

Mixer heater pulse command (1msec — 41sec)

Band change command (1 sec)

FP power off H/V (2 sec)

The FCU is not equipped with a buffer to store sequences of these “lenghty” commands. Therefore we do
not recommend to send these command faster than their time to complete. If a command is issued before the
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completion of the present “lengthy” command, than both commands will be properly executed in the order as
commanded. So it is always possible to send one command in advance.

The FCU is designed not to create hazardous conditions for any sequence of at least 4 “lengthy” commands,
when those commands are sent with minimal time between them (2 clockcycles). The FCU behavior has
been verified for all possible sequences up to and including 4 commands. However, the resulting behavior of
the FCU is not always as one may expect. Below we list known command sequences with unexpected
behavior and a description of the actual behavior of the FCU.

Sequences of mixer bias voltage commands and/or magnet current commands only will result in the
execution of the first and the last command only. The intermediate commands are skipped.
Sequence: heater pulse, magnet current setting, mixer bias voltage setting or heater pulse, mixer bias
voltage setting, magnet current setting. In these cases the sequence will be executed as expected, but
the digital HK will indicate the magnet current during the heater pulse. The current will actually be
zero during the heater pulse and assume the commanded value upon completion of the heater pulse.
Sequence: band change, heater pulse, magnet current setting and mixer junction voltage setting. The
band change is executed properly, just as the following heater pulse. However, the magnet current
will be OmA, in stead of the commanded value. The setting (digital housekeeping value) will show
the commanded value. The mixer voltage will assume the correct (commanded) value, but it will
assume this value at the start of the heater pulse, not at the end.

Sequence: heater pulse, band change, magnet current setting, mixer bias voltage setting. In this case
the heater pulse is appropriately applied, as well as the subsequent band change. However, both the
magnet current and the mixer voltage will be OmA/OV. Note that the digital HK will indicate the
commanded magnet current and mixer bias voltage settings, not the actual value.

Sequences such as magnet current setting, band change, mixer bias voltage setting, magnet current
setting (and all other combinations using mixer bias voltage and magnet current settings) will result
in zero actual mixer bias voltage and magnet current, while the digital HK will indicate the last
commanded values

3.2.2 Local Oscillator Subsystem

The LO S/S is controlled by the LCU via commands sent from the ICU. Due to the complexity of the sub-
system as well as its vulnerability it is vital that the sub-system is operated using predefined, well defined
and verified procedures. Also, to provide both safety and flexibility, there is a need to implement different
levels of software protection.

This section provides a strategy of operation that intends to fulfil above requirements. It is based on current
experience with LO chains in the HIFI project.

3.2.2.1 Command list

The accepted commands and macros are dependent on the actual mode and operational sub-mode of the
LCU and are so grouped in the table below. Across are considered here a modules containing individual
commands in a specific order.
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House keeping requests and commands for mode / sub-mode change are executed regardless of the actual

operational mode / sub-mode and are listed in separate rows.

Mode /
Operational
sub-mode

Command / HK
request

#
Parameters

Affected
Unit

Description

Standby mode

All single commands as
defined in RD-25

HL_SET_FL_PTN

LCU

Sets flag pattern of the
externally controlled LCU
flags

Nominal Mode /
Normal Mode

Tuning Macro

(a predefined set of
commands with start
and stop marks TBD)

5 (6)

LCU/LSU/
LOU

A set of single commands
defining LO/LSU band, D2
bias values, frequency,
power, index to frequency
dependent tables, which are
sent in a fixed order and
executed according to
internal LCU procedures.

HL_GO_TO_F1

LSU/LOU

Entering the FSW
SUBMODE, selecting pre-
last tuning settings (1)

HL_SET_FL_PTN

LCU

Sets flag pattern of the
externally controlled LCU
flags.

Nominal Mode /
FSW Sub-mode

HL_GO TO F1

LSU/LOU

Selecting pre-last tuning
settings (f1) (first execution
— entering FSW
SUBMODE)

HL_GO _TO _F2

LSU/LOU

Changing to tuning settings
f2

Nominal Mode /
Diagnostics
Sub-mode

All single commands as
defined in RD-25

HL_MEAS_AMP_IV

2 (stage
gate
voltage)

LCU/LOU

Perform IV curve
measurement on W-band
amplifier (drain) with a
given gate voltage as
parameter.

HL_SET_FL_PTN

LCU

Sets flag pattern of the
externally controlled LCU
flags.

Standby Mode

All single commands as
defined in RD-25 except for
commands requiring
operations on LO chains.

HK requests

LCU/LSU/
LOU

All single commands as
defined in RD-25

HL_RD LSU FREQ

LSU

Read LSU analogue
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frequency telemetry

HL_RD_LSU PWR 0 LSU Read LSU analogue power
telemetry

HL_RD_LSU LK 0 LSU Read status of all LSU lock
signals

HL_RD_TBL_IDX 0 LCU Read actual index to LSU
bias tables

HL_RD_EV_FL 0 LCU Read status of the LCU on-
event flags (set by LCU)

HL RD OP _FL 0 LCU Read status of the externally

modified flags, influencing
LCU operation

read_Lst_Tng 0 LCU Read last accepted tuning
settings (a macro consisting
of separate commands)

Read_PreLst_tng 0 LCU Read pre-last accepted
tuning settings (a macro
consisting of separate

commands)
Operational All mode commands as
modes / sub- defined in RD-25
modes change
HL_DIAGN 0 LCU LCU in diagnostic Sub-
mode

Table 3.2-9, LO Command list

3.2.2.2 Housekeeping Command description

Detailed description to be written

3.2.2.3 Operational Modes

3.2.2.3.1 Stand-by mode

Stand-by mode is a hardware mode in which the LO is being initialized and prepared for operation.
In Stand-by Mode Lo sub-system is capable of handling all defined commands and HK requests, but no
action is undertaken either on the LO chains or on LSU. The exception are the IV curve measurements.

3.2.2.3.2 Nominal Mode

Nominal Mode is a hardware mode allowing full functionality of the LO Sub-system. For safety reasons, this
mode shall be divided in 3 software sub-modes, defining different levels of protection.
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3.2.2.3.3 Normal Sub-mode

In NORMAL SUB-MODE The LOU can operate for any HIFI observation mode other than frequency
switch mode (FSW). NORMAL MODE is the default mode activated after the LCU receives the NOMINAL
MODE command.

3.2.2.3.4 FSW Sub-mode

In FSW Mode the LO S/S can be operated for frequency switch observations. This mode has to be preceeded
by the LO tuning in NORMAL MODE.

3.2.2.3.5 Diagnostics Sub-mode

In DIAGNOSTICS MODE all safety features implemented inside LCU software (except chain 1V-curve
procedures, LO chain switch on/off procedures are by-passed. This mode is for diagnostics purpose only.

3.2.2.4 Safe Operation Tables

3.2.2.4.1 Safe Bias Parameters Table

A set of default bias parameters for each chain is stored in the LCU. These will be set, e.g. if the chain is
switched on. These parameters will be defined as the safe bias parameters:

1. For each multiplier a fixed bias supply voltage value is expected that allows full RF operation. This
value is expected independent of the frequency.

2. For amplifier there will be a voltage parameter set for drain 1 voltage, gate 1 voltage, drain 2
voltage and gate 2 voltage. These parameters will assure that the output power level of the amplifier
can not cause any overpower at a multiplier when RF is induced into the chain. For the first stage of
the amplifier and the gate of the second stage the values will be will be the nominal parameters for
operation. The second stage drain voltage will be reduced to a safe level corresponding to less than
50 mW RF power on the multiplier chain.

In consequence, the LCU stores in the SAFE BIAS PARAMETER TABLE:

1. 4 amplifier voltages frequency dependent over the W-band of a given amplifier. The active
bandwidth is expected to be much less than 20 GHz. It is expected that 20 frequency points are
enough to sufficiently represent the passband ripple of the amplifier output power curve. This
number of frequency points applies also to all other frequency dependent tables.

2. 4 multiplier voltages frequency dependent.

Elements of the Safe Bias Table have to be contained within the RED BIAS TABLE ( see section below).

freq 1l freq 2 freq 20
G1lvl G1lvi G1lvi
G2v1 G2v1 G2v1
D1V1 D1V1 D1V1
D2V D2V D2V




o Ro N Doc. no.  : SRON-U/HIFI/UM/2004-001
b Netherlands Institute for Space Research H I F I U S E R M AN UA L Issue +4.0

Date : 14 July 2008
H I FI VOLUME 1 Category :
Page : 49 of 295
M1V M1V M1V
M2V M2V M2V
M3V M3V M3V
M4V M4V M4V

Table 3.2-10, Safe Bias Table for a single chain

3.2.2.4.2 Green Bias Table

This table defines the acceptable current range for a given LO chain under RF conditions. These values
correspond to maximum output power of a chain at a given frequency + TBD% margin. The table values are
used as references while executing the POWER LEVELING LOOP.

We expect the loop to be multiplier current sensitive. Hence the table shall be frequency dependent for
multiplier forward currents. Multiplier reverse current limits are frequency independent and different for
each multiplier. The amplifier limits in this table will assure that the amplifier is not damaged.

freq 1 freq 2 freq 20
GI1CMin | GI1C G1C Gi1C Gi1C Gl1C
Max Min Max Min Max
G2C Min | G2C G2C G2C G2C G2C
Max Min Max Min Max
D1C Min D1C D1C D1C D1C D1C
Max Min Max Min Max
D2C Min | D2C D2C D2C D2C D2C
Max Min Max Min Max
M1C M1C M1C M1C M1C M1C
Min Max 1 Min Max 2 Min Max 20
M2C M2C M2C M2C M2C M2C
Min Max 1 Min Max 2 Min Max 20
M3C M3C M3C M3C M3C M3C
Min Max 1 Min Max 2 Min Max 20
M4C M4C M4C M4C M4C M4cC
Min Max 1 Min Max 2 Min Max 20

Table 3.2-11, Green Bias Table for a single chain for which multiplier reverse currents are negative

3.2.2.4.3 Red Bias Table

This table defines the acceptable voltage ranges for all chain bias parameters without RF signal applied. The
table shall be frequency independent and contain minimal and maximal settable bias parameters. Any
command received by LCU that requests a change of any chain bias value will be checked against this table.
The command will not be executed if the value is out of range defined by the table.

He table shall be used whenever a command has been received forcing a change in bias settings, regardless
of the operating mode. The SAFE BIAS TABLE values must be contained within the RED TABLE.

freq 1l freq 2 freq 20

G1C Min | G1C G1C Gi1C Gi1C G1C
Max Min Max Min Max
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G2C Min | G2C G2C G2C G2C G2C
Max Min Max Min Max
D1C Min | D1C D1C Di1C Di1C Di1C
Max Min Max Min Max
D2C Min | D2C D2C D2C D2C D2C
Max Min Max Min Max
M1C M1C M1C M1C M1C M1C
Min Max Min Max Min Max
M2C M2C M2C M2C M2C M2C
Min Max Min Max Min Max
M3C M3C M3C M3C M3C M3C
Min Max Min Max Min Max
M4C M4C M4C M4C M4C M4C
Min Max Min Max Min Max

Table 3.2-12., Red Bias Table of a single chain. All parameters are frequency independent.

3.224.4 LSU Table

This table contains two sections. The first one defines the nominal LSU output power level for a given LO
chain and frequency. The second contains minimal and maximal voltage values of the analogue LSU
frequency telemetry corresponding to subsequent frequency points in the frequency dependent tables. This
section will be used for verifying that the LSU output frequency lies within the the expected range and that it
corresponds to the bias values used. The frequency values shall overlap by TBD% in order to consider
readout accuracy and facilitate FSW operation (see section “operation in FSW SUBMODE”)

freq 1 freq 2 freq 20
LSU Pout 1 LSU Pout 2 LSU Pout 20
FTV Min FTV FTV FTV FTV FTV
1 Min 1 Min 2 Max 2 Min 20 Max 20

Table 3.2-13., LSU Table for a single chain.

3.2.2.5 Operation Strategy

In order to implement a safe operation of the subsystem that cannot be established by the hardware itself,
there are software procedures foreseen inside the LCU. These limit the risk of:

e awrong command received by the LCU can damage a LO chain,

e awrong parameter received with a command by the LCU can damage a LO chain,

e awrong frequency setting can damage a LO chain

e an undefined RF signal induced due to an unlocked LSU can damage a LO chain

The LO S/S operation strategy is based on different software modes offering different levels of protection. In
the default mode (Nominal Mode / Normal Sub-mode) only limited operations are permitted and limited
number of commands accepted. Commands shall be organized in predefined macros and their execution
shall strictly depend on the actual status of the LO. This mode shall be used for any kind of instrument
operation with constant LO frequency.
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Operation in Frequency Switch Mode ( Nominal Mode / FSW Sub-mode) is limited to switches between two
previously successfully tuned frequencies, if these are close enough to each other.

Diagnostics Sub-mode (Nominal Mode / Diagnostics Sub-mode) allows the Operator to perform inspections
on the LO components and correct the internal LCU tables. In this mode most of the software safety features

are disabled.

A general flow-diagram of the LO S/S operational modes is given below.
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OFF Mode
HL_STANDBY
Standby Mode
HL_STANDBY » (Al LO/LSU
chains off)
HL_NOMINAL
Normal Submode »
Enter Normal
Submode
Tuning Macro
HL GO _TO F1 v
2
frequencies Band: new? Yes
uned?
Yes No Identify Safe Bias Table column
4
Enter FSW .
Submode Bzzg\'/:,?y
4
Set D2 to the smaller value Set No band in the LSU
Perform LSU Tuning Switch the active chain off
Restore D2V(F1) if tuned
4
HL_GO_TO_F2 'HL_GO_TO_FZ Y ‘Switch desired chain on ‘
Set D2 to the smaller value
Perform LSU Tuning Freq: new? Yes
Restore D2V(F2) if tuned 4
‘Set Safe Bias Parameters ‘
FSW Submode Tuning Macro No
GO_TO_DIAGN 4 ‘Perform LSU Tuning ‘
4
. Yes
Enter D2V: new?
Diagnostics 4
Mode ‘Perform D2V Set Loop ‘
No
4
Perform all operations according
to the received commands.
No safety verification performed
Diagnostics Submode HL_NOMINAL

Figure 3.2-1, LO Modes diagram. (Not all transitions presented.)
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3.2.25.1 Operation in NORMAL SUB-MODE

In the Normal Sub-mode LCU accepts only following commands:
o Predefined Tuning Macros
¢ Commands for entering other operational mode / sub-mode
o Housekeeping requests

Tuning Macros are sets of commands defining LO/LSU band, D2 bias values, frequency, power, index to
frequency dependent tables, which are sent in a fixed order and executed according to internal LCU
procedures and current LO state.

Tuning Macro shall contain:
e Switch LO/LSU Change Band command
Load Offset command
Load Main command
Index to frequency dependent tables command
LO output power command (D2 voltage set command)

A general algorithm of operations after receiving a Tuning Macro is presented in fig. 3.2-3.
The actions performed by the LCU after receiving a Tuning Macro depend on changes required by the
Macro with regard to the actual LO status.

The macro execution procedure can be thus divided into several lower level procedures, which are described
below.

3.2.2.5.1.1 Switch on chain

This software procedure switches the LO chain components on in the required order:
1. Lastto first biased multiplier stages are set to nominal bias values defined in section 3.2.2.4.1

2. Amplifier gate 1 voltage is set to the safe bias values defined in section 3.2.2.4.1

3. Amplifier gate 2 voltage is set to the safe bias values defined in section 3.2.2.4.1

4. Amplifier drain 1 voltage is set to the safe bias values defined in section 3.2.2.4.1

5. Amplifier drain 2 voltage is set to the safe bias values defined in section 3.2.2.4.1
His procedure ensures that the multipliers are properly biased according to the expected operating frequency
before the amplifier is generating gain of the induced RF power. Moreover, the amplifier is set to its safe
output power, regardless of the signal presence on the input of the LO chain.

The procedure is part of the Tuning Macro execution in case when the required LO chain is different then the
active one.

3.2.2.5.1.2 Switch off chain




o Ro N Doc. no.  : SRON-U/HIFI/UM/2004-001
b Netherlands Institute for Space Research H I F I U S E R M AN UA L Issue +4.0

Date : 14 July 2008
H I FI VOLUME 1 Category :
Page : 54 of 295

This software procedure is the reverse sequence of switch on.
The procedure is part of Tuning Macro execution in case when the required LO chain is different then the
active one.

3.2.25.1.3 Frequency Tuning

The following procedure is applicable for preparing a non frequency switching observation. The procedure is
executed as part of Tuning Macro execution in case of frequency change.
A flow-diagram of the procedure is given below.
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Start

A 4

Set LSU output powerm to minimum /
Blank LSU power

A 4

Deactivate OUT-OF-LOCK interrupt service
Send LOAD OFFSET, LOAD MAIN to LSU

A
‘ Set LEV_IGN to inactive ‘

A
‘ Wait for lock signal from LSU until timeout ‘

LSU: locked? No

Yes

‘ Verify analogue frequency telemetry data

reguency: No

ithin range?

Yes

No

\ 4
Restore nominal LSU power according to
LSU table
Activate OUT-OF-LOCK interrupt service
Set the LSU subband

LEV_IGN_ENAB
active?

Set LEV_IGN
active

€

A 4

End LSU Tuning

Figure 3.2-2, LSU Tuning

In this procedure LEV_IGN_ENAB is a flag that enebles the LCU to ignore the power leveling command
when LSU remains unlocked after lock timeout passed or when frequency telemetry is not consistent with
the data expected from the LSU table. LEV_IGN_ENAB is set only externally. The default setting is active,
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which means LCU decides whether or not to perform D2V set loop. Deactivating the flag by ICU forces
LCU to perform D2V set loop regardless of the LSU signal status.

The flag LEV_IGN is set by LCU when LEV_IGN_ENAB is active and LSU remains unlocked after lock
timeout passed or when the LSU frequency exceeds LSU table value. If this flag is active the subsequent
power leveling action is ignored. Default setting is inactive.

After this procedure is executed, the LO S/S is setup to perform power leveling. Note that the selected LO
chain is now tuned to the SAFE BIAS TABLE values and not to a specified output power level.

3.2.25.1.4 Power Leveling Loop

The adjustment of the amplifier drain 2 voltage will be used to level the LOU output power at a given
frequency. Note that the initial status of an operational chain (switched on and biased) will not provide
output power. The output power is enabled by the power leveling loop. This LCU software loop will be
executed automatically after the chain has been properly biased and LSU tuned. Loop execution is part of
Tuning Macro execution.

A flow-diagram illustrating the algorithm of the procedure is given below.
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Yes

Compare the new D2V with the RED
TABLE

End Loop

L — @4

Read HK of all currents in the active LO
chain

Set D2V to TARGET
VALUE

4

Compare HK with GREEN TABLE

Yes

End Loop

@

LAST VALUE +
STEPSIZE > TARGET

Yes

A

Set D2V to
LAST VALUE - STEPSIZE

VALUE?

Set D2V to: LAST VALUE + STEPSIZE

A 4

End Loop

Figure 3.2-3, Power Leveling Loop
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This loop ensures that the multiplier will not be overpowered by any tuning action in normal operation mode
and the amplifier is operated within its bias limits.Because of frequency dependency in the GREEN TABLE,
the loop provides a high degree of LO safety even if one of the current HK data is corrupt.

The POWER LEVELING LOORP is only active in NORMAL MODE! In diagnostics mode this safety feature
is disabled.

3.2.2.5.2 Operation in FSW SUBMODE

Operation in FSW SUBMODE requires that the LO S/S switches between two frequencies with as short as
possible daed time, the LO safaty however, cannot be exposed to additional risks. In order to compromise
between these two requirements a dedicated FSW SUBMODE shall be implemented.

Before the LO S/S can be switched to FSW SUBMODE, it has to be properly tuned in NORMAL
SUBMODE. This means that at least 2 frequencies have been sucessfully tuned in NORMAL SUBMODE.
Both frequencies have to fit in the same column of the LSU table.

During operation in NORMAL SUBMODE LCU stores 2 sets of LO parameters corresponding to last two
tuned frequencies as a result of last two executed Tuning Macros. Frequency switching is only allowed
between these two frequencies (settings).

FSW SUBMODE is started by a command “HL_GO_TO_F1”, which means restoring pre-last frequency
setting using a limited procedure. During the procedure the LSU output is blanked (set to min TBD) and no
D2V Power Leveling Loop is executed. By sending command “HL GO _TO_F2” the second frequency is
reestablished. Frequency switching is accomplished by repeatedly sending “HL GO _TO F1” and

“HL _GO_TO_F2” commands. In case of different D2 voltages for the 2 frequency settings, during the
tuning the smaller value is kept.

While in FSW SUBMODE the LCU is able to deliver HK data on demand and execute commands for
entering other operating modes (TBC). The FSW SUBMODE is normally exited upon receiving t Tuning
Macro. In this way LCU returns to the NORMAL SUBMODE and performs LO tuning according to the
received Macro content.

3.2.2.5.3 Operation in DIAGNOSTICS SUBMODE

Functionality of this submode shall be similar to the present status of the LCU QM Model. The LCU shall
execute commands directly and most of the software safety features applicable to NORMAL and FSW
submodes shall be switched off.
In particular:
o It shall be possible to set any bias parameter individually, not only the D2 voltage
LCU sets the parameter regardless of theRF conditions
LCU sets the parameter without executing safety loops
The only verification shall be a comparison with the RED TABLE
It shall be possible to execute automated health check procedures on the chain (see below)

Both entering and exiting the DIAGNOSTICS SUBMODE shall be accomplished by a dedicated command.
The only allowable mode transitions concerning this mode shall be:
¢ NORMAL SUBMODE -> DIAGNOSTICS SUBMODE
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e DIAGNOSTICS SUBMODE -> NORMAL SUBMODE
e DIAGNOSTICS SUBMODE -> STANDBY MODE
DIAGNOSTICS SUBMODE -> OFF MODE

3.2.25.3.1 Multiplier Health Check

The IV curve of a given multiplier can be measured on request. The measurement is an automatic procedure.
The LSU output power and the amplifier is switched off during this measurement.

3.2.25.3.2 Amplifier Health Check

The IV curve of a given amplifier can be maesured on request. The measurement is an automatic procedure.
The LSU output power and the amplifier is switched off during this measurement. The chain multiplier
stages are biased to the SAFE PARAMETERS. IDVD shall be measured at a given gate voltage. The gate
voltages are parameters of the Health Check Command.

3.2.2.5.4 Other Procedures

3.2.2541 RESET

The following sequence is necessary to reset the instrument into a safe mode for retuning. Prior to the reset
of the LCU, all HK data shall be requested by the ICU. The reset command shall enable an LCU automatic
sequence:

1. switch off LSU
2. Switch off chain (according to previously described procedure)
3. o to standby mode

This procedure shall be executable regardless of the operational mode / submode.

3.2.2.5.4.2 Monitoring of the LOCK signal

LCU shall monitor all LSU lock lines using the interrupt system. A dedicated subroutine shall be executed
when any of the lock signals is off. The subroutine shall have highest priority of service.

The procedure shall be active in any submodes of the NOMINAL MODE and there shall be a possibility of
switching it off by modifying an internal LCU flag (LCK_MON_ENAB).

Another flag shall be set by the LCU that an “out-0f-lock” event has occurred (NO_LOCK).

The procedure shall execute following actions:

e send No LSU Output command (executable within single ms)
e set D2 voltage to the value from the SAFE BIAS TABLE (executable within a few tens of ms)




o Ro N Doc. no.  : SRON-U/HIFI/UM/2004-001
b Netherlands Institute for Space Research H I F I U S E R M AN UA L Issue +4.0

Date : 14 July 2008
H I FI VOLUME 1 Category :
Page : 60 of 295

After the procedure is executed the LCU shall wait for the next Tuning Macro and perform no other actions.
Upon receiving a Tuning Macro or a HL_GO_TO_Fx command, LCU shall resend the frequency to the LSU
even if the parameter remained unmodified.

3.2.2.6  Local Oscillator Unit

3.2.2.7 Local Oscillator Source Unit

3.2.2.7.1 POWERING-UP THE LSU

The LSU has a number of power up states. These states are entered by switching various combinations of
the external supply rails, and providing appropriate telecommands. The allowable states are indicated in
Table 3.2-6. All other combinations of power rails should be avoided. *

A state transition diagram is provided in Figure 3.2-4. State transitions not shown in this figure are either not
possible or not recommended (see footnote).

A normal power-up sequence consists of sequentially entering states "Standby", "Reset", and "On", with a
minimum 1 second pause between "Reset" and "On". This sequence will reset all the power control relays in
the LSU before power is applied to their contacts. More details on the command to reset the relays are
provided in section 3.2.2.7.2.5 below.

The transition from the "Standby" state to "On" (along the path defined in Figure 3.2-4), or from any of the
states to ""Standby" is possible without the need to remove the +17.5 V standby power. This allows the 10
MHz outputs to be maintained without interruption while these state changes are taking place.

Table 3.2-14: LSU Allowed Power States

State Name Method Prime Power (J01) Redundant Power (J04) LSU
Functionality
(See also Figure 6.0-1 > >
for allowed state 8 g
iti > zZ > zZ
tran5|_t|ons, and ” Z Z Z
section 7 for d (|7) d (,7)
command details) Zls|>|> > Zls|>|> >
>I>|nlu|o|> 5l |>>]>e|lele|2]|0]s|>
olo|lm[mls|w|?|2|h|le|le|s|s]|S|w|C>]0
N|N|HA|A | A ||| WO N|N|A|A | A ||~ WO
+ |+ + [+ F|F[FIT|F|+F|F| [+ F][+F]F[T
Off Remove all DC No functionality
power.
Prime Standby Apply DC power as 10 MHz outputs
X X X
shown (JO1). only
Prime Reset Telecommand via JO2
(see section 7.2.5) X X X
Prime On Apply DC power as ol x| x| x| x| x| x| x| x Full functionality
shown (JO1).
Redundant Apply DC power as X X X 10 MHz outputs
Standby* shown (J04)* only*
Redundant Telecommand via
Reset* JO5* (see section X X X
7.2.5)

! Excessive power consumption and thermal overstress could result if the recommended power rail combinations and state transitions
are not followed. The internal relay contacts could also be overstressed. However, the LSU is protected against momentary wrong
sequencing of the power rails during power up or power down.




3.2.2.7.2.1 Addresses and Command Names

The two address lines allow the selection of four addresses, corresponding with the four command names
defined in Table 3.2-7.
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Redundant On* | Apply DC power as ol x| x! x| x| x| x| x| x Full functionality*
shown (J04)*
X = Required
O = Optional (not necessary)
PRIME ol OFF REDUNDANT
STANDBY i b STANDBY
A 4 A A
y y
PRIME RESET REDUNDANT RESET
< (WAIT >1 SEC. BEFORE > < (WAIT >1 SEC. BEFORE >
GOING TO ON STATE) GOING TO ON STATE)
y y
PRIME ON REDUNDANT ON
< (FULL LSU > < (FULL LSU >
FUNCTIONALITY) FUNCTIONALITY)
Figure 3.2-4: LSU Allowed Power State Transitions
3.2.2.7.2 Command Formats

ADDR1 ADDRO Command Name
0 0 Load Main
0 1 Load Offset
1 0 Set Output Power
1 1 Set Sub-Band

Table 3.2-15: Command Names

3.2.2.7.2.2 Load Main Command
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The data word associated with this command is 20 bits long and, together with the data received in any
previous Load Offset command, defines the RF output frequency from the LSU. The LSU immediately
implements a frequency change when this command is received.

To change the LSU output frequency, normally a Load Offset command is issued followed by a Load Main
command (the exact protocol is discussed in more detail in section 3.2.2.7.3). The Load Offset command
defines the division ratios for the offset synthesizer loop in the LSU, and the Load Main defines the division
ratios for the main loop. The content of the 20-bit data words in these commands is determined from the
required LSU frequency as follows. First, the numerical values of parameters R, M and A are derived for
both the offset loop and the main loop using the equations provided in Table 3.2-8. Next each of these
values are converted to fixed length binary code, with zeros added at the most significant end of the word in
order to get the required length. R must have a length of 6 bits, M must have a length of 9 bits and A must
have a length of 4 bits. Finally, the 20-bit data words are assembled as shown in Table 3.2-9.

In both the Load Main and the Load Offset commands, the data words are clocked in Most Significant Bit
(MSB) first.

Table 3.2-16: Frequency Selection Equations

Fisu = Required LSU output frequency expressed in MHz
F = Fisu + Fo
n = Integer( 15*(F/1.875 - Integer(F/1.875) ) )

where Integer(x) is the largest integer value less than or equal to x

N, = Ny +n (offset loop)
N> = Absolute( Ny - Integer(F/1.875) + n) (main loop)
D, = 15 (offset loop)
D, = 16 (main loop)

where Absolute(x) is the numerical part of x excluding its sign, and the following
parameter values apply:-

Sub-bands 1a, 4b, 6La, 6Lb: Fo=0.5625 Nio =1196 N,, = 14076
Sub-bands 1b, 3a, 5a,

5b, 6Ha, 6Hb: Fo=-0.6875 Ny, =2541 N,, = 15510
Sub-bands 23, 4a: Fo=-0.6875 N, =3156 N,y = 16166
Sub-band 2b: Fo= -0.0625 Ny = 2536 Ny = 15505
Sub-band 3b: Fo=-0.0625 N, =3136 N,, = 16145

The N and D values can be converted to the M, A and R values required by the
synthesizer chips using the following equations:-

M = Integer(N/10) - 1

A = N - 10*Integer(N/10)
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MSB (first in) (last in) LSB

Rs

R4 [Mg|M7| 0 [Mg|Ms|[M4|M3|M2[M1|Mo|Rs[R2| Ry | Ro[As| Az | As|Ag

where Ry, Mo, Ay are the least significant bits of R, M and A

Table 3.2-17: Data Word Format (Load Main and Load Offset)

Note that the equations provided in Table 3.2-8 are the recommended algorithm, but are not the only possible
way in which the LSU can be set to a given output frequency. Since the Load Offset and Load Main
commands provide direct access to the dividers in the synthesizer loops, other algorithms could be
implemented if desired. Some care must be taken in deriving the algorithms, since it is possible to load
division ratios that are outside the capabilities of the hardware, in which case the characteristics of the RF
output from the LSU (frequency, spurious levels, noise levels etc.) are unknown. However, the LSU will not

be damaged.

Table 3.2-10 provides the equations for deriving the LSU frequency from the synthesizer settings (the
reverse of Table 3.2-8), and also defines some of the hardware limitations in terms of the allowed ranges of

the variables.

In order to calculate the output frequency of the LSU, first the M, A and R values
provided to the main and offset phase lock loops need to be converted to N and D values
using the following equations:

N =10%(M + 1) + A
D=R+1

Perform this calculation for N, (offset loop), D, (offset loop), N, (main loop and D, (main
loop). The LSU frequency in MHz is then given by:

Fisu = 24,000 + 30*(N4/D; +/- N,/D,)
The following limitations apply to the parameter values:

1) M must be greater than zero

2) A must not exceed M+1

3) The ratio N4/D; for the offset loop must lie close to 80, 170 or 210
depending on
which YIG oscillator is active

4) The ratio N,/D, for the main loop must lie in the range 20-220

5) D; and D, must lie close to 15

6) FLsu must lie in the frequency range of the selected sub-band

Table 3.2-18: LSU Frequency Equations

3.2.2.7.2.3 Load Offset Command
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The data word associated with this command is 20 bits long and, together with the data received in any
subsequent Load Main command, defines the RF output frequency from the LSU. The content of the data
word is defined above in section 3.2.2.7.2.2. The data is clocked in MSB first.

The LSU takes no action in response to this command, other than internally storing the content of the data
word.

3.2.2.7.2.4 Set Output Power Command

The data word associated with this command is 5 bits long and defines the RF output power from the LSU.
Calibration data will be provided with each delivered LSU model correlating the RF output power with the
content of the data word. For the PFM model, the prime and redundant sides will have separate calibration
tables. The minimum output power setting corresponds with data word 11111. The data is clocked in MSB
first.

When one of the Band 6 sub-band outputs is active, it is recommended that the Set Output Power command
should always be used to set the output power to 00000. The RF output for these sub-bands is unaffected by
the setting, but the RF power telemetry voltage has a slight dependency.

3.2.2.7.2.5 Set Sub-Band Command

The data word associated with this command is six bits long and defines the active waveguide output from
the LSU. Table 3.2-11 defines the action of each of the data words. As indicated in the table, the data word
associated with a given action is generally different depending on whether the LSU is in the PRIME ON
state or the REDUNDANT ON state.

The data words are clocked in MSB first.

A Set Sub-Band command with an all-zero data word is needed as part of the power-up sequence to
transition from the STANDBY state to the RESET state.

Table 3.2-19: Data Word Definition (Sub-Band Update Command)

State = Prime On State = Redundant On
M Command LM Command L Action
S s | s S
B B| B B
Bit | Bit | Bit | Bit | Bit [Bit| Bit | Bit | Bit| Bit | Bit | Bit
514(3|2|1|0|]5|]4|3|]2]|]1]0
Output amplifier select | YTO select| Output amplifier select | YTO select
bits bits bits bits
0O|O0(O|O0O)O|O]J]O|O|[O|O]| O] O |NoLSUoutput.
Minimum power consumption setting.
Used for LSU state transition from
"Standby" to "Reset"; see section 6.
1100021 ]0]J]O]JO0O0|O0O|1]|1] O |Selectsub-bandla
oOjlOofO0O|l1]|1|2]1|]0(|0]O0{1] 1 |Selectsub-band1b
O[O0|1]0]O0(1]1[0]|0]1] 0] 1 |Selectsub-band?2a
O|lOof2 1|1 |2]1]|]0(212]0{12] 1 |Selectsub-band?2b
O(1(0|0| 21 ((1]J1({0|21]12] 1] 1 |Selectsub-band3a
O|l1(0|1]0|2]1|1(0]O0{O0] 1 |Selectsub-band3b
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State = Prime On State = Redundant On

M Command LM Command L Action

S s ] s S

B B| B B
Bit | Bit | Bit | Bit | Bit [Bit| Bit | Bit | Bit| Bit | Bit | Bit
514(3|2|1|0|]5|]4|3|]2]|]1]|0

Output amplifier select | YTO select| Output amplifier select [ YTO select

bits bits bits bits

110010 ]|2]0]0|2|0]|O0/| 1 |Selectsub-band4a
O(1(1|0] 1012 ]0]|1] 1] O |Selectsub-band4b

O(1(1 |11 ({1]1f({2|21]0] 1] 1 |Selectsub-band5a
1101021 ]2]J]0]0(|2|1]1] 1 |Selectsub-band5b
110111 ]0]J0O0|1|0|0{|1] 0 |Selectsub-band6La
11100212 ]0]JO0|12|0|1]|1] O |Selectsub-band6Lb
1110121 ]2]0]1|2|0]|1] 1 |Selectsub-band6Ha
1111101 )]212)0]1|2|1]|1]|1 |Selectsub-band6Hb

Any other data word Any other data word No LSU output.
Not always minimum power consumption.

3.2.2.7.3 Command Protocols

3.2.2.7.3.1 General

There are five operations relevant to the control of the HIFI instrument that can be commanded, namely:

Powering up the LSU.

Setting the active output waveguide (active sub-band), including setting the initial frequency and RF power.
Setting the output frequency, including setting the initial RF power.
Adjusting the RF output power.
Rapidly switching off the RF output.

These operations and the command protocols or sequences needed to implement them are described in detail

in the following sections.

3.2.2.7.3.2 Powering Up The LSU

Powering up the LSU requires the correct sequence of applying the power rails plus a telecommand. The
overall sequence is described in section 3.2.2.7.1.

3.2.2.7.3.3 Setting The Active Output Waveguide (Active Sub-Band)

The recommended sequence for performing this operation is as follows:
Send a "Set Sub-Band" command (per 3.2.2.7.2.5) for the new sub-band; the LSU will begin to change sub-
band (the process can take 10 seconds).
Send a "Load Offset" command (per 3.2.2.7.2.3) for the new frequency (this can be done immediately, there
is no need to wait for the 10 seconds to pass).
Send a "Load Main" command (per 3.2.2.7.2.2) for the new frequency.
Send a "Set Output Power" command (per 3.2.2.7.2.4) to set the output power to the required value.
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Do not begin any measurements using the HIFI instrument until 10 seconds after the "Sub-Band Update"
command or 500 ms after the "Load Main" command, whichever is later.

3.2.2.7.3.4 Setting The Output Frequency

The recommended sequence for setting the output frequency within the current sub-band is as follows:
While still performing measurements with the HIFI instrument at the current frequency, send a ""Load
Offset" command (per 3.2.2.7.2.3) for the forthcoming frequency step; the LSU frequency will not change.
When measurements at the current frequency are complete, send a "Load Main" command (per 3.2.2.7.2.2)
for the forthcoming frequency step; the LSU frequency will start to change.

Immediately send a "Set Output Power" command (per 3.2.2.7.2.4) to adjust the power level to the required
value for the new frequency (always use setting 00000 for the four Band 6 outputs).

For frequency changes less than 25 MHz, the LSU will change frequency and power level within 100ms of
initiating the "Load Main" command. For larger frequency changes (up to the full sub-band span), it will
change frequency and power level within 500 ms.

This protocol is illustrated in the timing diagram in Figure 3.2-5.

It is also possible to send the "Load Offset" command for the next frequency at the end of the blanking
period for the previous frequency change. This has the advantage that no commands are needed during the
observation period. This alternative timing is also illustrated in the Figure.

:100 ms max (<25MHz change) : :
:500 ms max (>25MHz change): . ; Observation

System
Mode

Blanking

25ms - : e L
min. " : . .

o gy [ . iomomsmmesnionen = O

Command

Load Main - -

Command

Set Output : :
Power : : . : f .

Command

—— Normal

LSU Output .
Power : :
: ! ! : ! Muted (Blanked)

FREQ 2 : /\f3

Figure 3.2-5: Timing Diagram For LSU Frequency Changes

LSuU
Frequency

3.2.2.7.3.5 Adjusting The RF Power

The RF output power level from the LSU can be adjusted at any time (for Bands 1 - 5) without changing the
output frequency by using the "Set Output Power" command per 3.2.2.7.2.4.
The output power for the four Band 6 outputs should always be set to maximum (00000) and should not be

adjusted.

3.2.2.7.3.6 Rapidly Switching Off The RF Output



o Ro N Doc. no. : SRON-U/HIFI/UM/2004-001
b Netherlands Institute for Space Research H I FI USER MAN UAL Issue +4.0 | 2008
Date 2 14 July
HIFEI VOLUME 1 Category :
Page 1 67 of 295

The LSU RF output can be rapidly switched off by sending a Set Sub-Band Command per 3.2.2.7.2.5 with
an all zero data word (000000). It will take about 7 ms to transmit this six-bit command, and then the RF

output chain will be shut down within about 3 ms (typical).

3.2.2.7.4 LSU Response To Commands

3.2.2.7.41 Command Flowchart

A flowchart is provided in Figures 3.2-6 and 3.2-7 detailing the internal activity within the LSU in response
to commands. This chart is provided to give greater insight into the operation of the LSU.

Much of the chart concerns the operation of the two variable-frequency phase lock loops within the LSU (the
"Offset Loop" and the "Main Loop"), and the operation of the Automatic Level Control loop ("ALC Loop").
A number of specific topics relating to the command flowchart are covered in the sections following the

chart.
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Figure 3.2-6: LSU Command Response Flowchart (Part A)
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3.2.2.7.4.2 RF Output Muting

Whenever a frequency change is in process, and one or more phase lock loops within the LSU are unlocked,
the RF output from the LSU is automatically reduced in power. Typically, the output power level when
muted will be -15 dBm or less.

Similarly, in the event that any phase lock loop in the LSU becomes unlocked unexpectedly during normal
operation, the output power is immediately reduced below -15 dBm (typical), and this will occur before the
output frequency has time to change by more than 300 MHz.

Note that if the LSU is used to drive a passive Ka-to-W band tripler, which is the planned approach for HIFI,
then the reduction in LSU power when muted will cause a large reduction in W-band output from this tripler.

3.2.2.7.4.3 Timeouts

In the event that one or more of the phase lock loops within the LSU fails to lock, the RF output will remain
muted (see section 3.2.2.7.4.2 above) for a certain period of time, and then an internal timing circuit will
unmute the output. This feature is included in the design to provide some contingency capability if a failure
occurs in one of the lock detection circuits. The timeout period is 10 seconds minimum and can be as long
as about 30 seconds.

Note that the output frequency may not be the same as the commanded frequency if the timeout feature
activates, since at least one of the phase lock loops could be unlocked and operating at an incorrect
frequency.

3.2.2.7.4.4 Effect Of Multiple Commands

The "Load Main" and "Set Sub-Band" commands take some time to implement within the LSU (up to 500
ms and 10 seconds respectively). It is therefore possible for a command to be received while a previous
command of the same type is still being implemented. If this occurs, the LSU will retrigger its command
implementation sequence and will execute the latest command received of that type. The LSU does not
"lock out" new commands while processing a previous command. The LSU can process “Load Main” and
“Set Sub-Band” commands at the same time.

The "Load Offset" and "Set Output Power" commands are implemented immediately within the LSU and so
repeated commands of this type are executed as they arrive.

3.2.2.75 TELEMETRY INTERFACE

3.2.2.75.1 General

The LSU telemetry interface provides digital lock telemetry, plus analog temperature, frequency and power
level telemetry. The electrical interface details of each signal and its format are described in the following
sections.

The DM has a single telemetry interface. The PFM unit has two identical telemetry interfaces (prime and
redundant). Only one is active at a time, depending on which side of the LSU is powered. There is no cross
strapping.

3.2.2.75.2 Lock Telemetry

Three separate digital output lines indicate the status of the three phase lock loops in the LSU. A current
loop type transmission circuit is used, with ground isolation provided by optocouplers at the receiving (non-
LSU) end. The electrical interface is defined in detail in the LCU-LSU Interface Specification AD1.
The three signals are named LOCK1, LOCK2 and LOCKS3. Their meaning is as follows:

LOCKU1 indicates the status of the 8 GHz phased lock loop.

LOCK?2 indicates the status of the offset loop.
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LOCKS indicates the status of the main loop.
A logical 0 (= low current flow in the current loop) indicates that the phase lock loop is locked.
The lock telemetry will not falsely indicate a “locked” status. Even if a timeout occurs (see section
3.2.2.7.4.3), the telemetry will continue to indicate "unlocked" if this is the case.

3.2.2.7.5.3 Temperature Telemetry

Four temperature sensors monitor the temperature at key points in the LSU. No processing of the sensor
data is performed inside the LSU, and the two leads from each sensor are simply brought out to the external
telemetry connector. All the sensors are thermistors with a resistance of 10 Kohm at 25°C per NASA
Goddard specification S-311-P-18.
The four signals are named TEMP1, TEMP2, TEMP3 and TEMP4. The locations of the sensors are as
follows:

TEMP1 monitors the temperature of the X-band synthesizer enclosure.

TEMP2 monitors the temperature of the enclosure around the interface board and regulators.

TEMP3 monitors the temperature of the X-band amplifiers enclosure.

TEMP4 monitors the temperature of the Ka-band amplifiers enclosure.

3.2.2.7.5.4 Frequency Telemetry

An analog telemetry voltage is provided in the range -5V to +5V that gives an indication of the actual output
frequency of the LSU. Increasing frequency corresponds to increasing (more positive) telemetry voltage,
except when operating in sub-bands 2a, 3b or 4a when increasing frequency corresponds with decreasing
(less positive) telemetry voltage. Calibration data will be provided with each delivered LSU model
correlating the RF output frequency with the voltage of this telemetry signal. For the PFM model, the prime
and redundant sides will have separate calibration tables.

3.2.2.7.5.5 Power Level Telemetry

An analog telemetry voltage is provided in the range -5V to +5V that gives an indication of the actual output
power from the LSU. Increasing power corresponds to decreasing (less positive) telemetry voltage. Note
that the telemetry voltage also has a small dependence on output power setting. Calibration data will be
provided with each delivered LSU model correlating the RF output power and the frequency with the voltage
of this telemetry signal.

3.2.2.8 Local Oscillator Control Unit

The Local Oscillator Control Unit (LCU) shall supply all the bias, power and housekeeping to the local
oscillator assembly. The LCU will have an electrical interfaces to the local oscillator assembly unit (LOA)
and the instrument controller (ICU). Being fully controlled by the ICU, it shall provide all signals and power
required by the LOA.

Its main functions are:

o The LCU selects the local oscillator chain active and supplies only that chain with operational bias for
up-converters and amplifiers.

o For turn-on of the LO, the bias supply for the multipliers: fifth, fourth, third (if applied), second and first
stages and finally the power amplifier is turned on in that order. Turn-off is in the reverse order from
turn-on. A prescribed ramp up is not required as long as there is sufficient resistance or current limiting
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to prevent over current or voltage spikes. Details on these procedures are given in a technical note
(MPIFR/HIFI/TN/2000-001).

e The LCU generates and monitors bias voltages and currents for the LOA frequency multipliers.

e The LCU generates, programs and monitors bias voltages and currents for the power amplifiers
(JPL/HIFI/SP/2000-007).

e The LCU monitors and controls the temperature in each of the 14 LOAs bands.

e The LCU generates the 1-V characteristics for all multipliers, the characteristic is based on four points of
the I-V curve.

e The LCU will be responsible for tuning, detuning and adjusting the LO chain RF power output by setting
bias and gate currents (procedures TBD) to the needs of the mixer devices by setting the bias operating
points of the multipliers and/or the power amplifiers.

There are two: Main and Redundant parts of LCU working in, so called, “cold redundancy”. Only one set of
them should be switch on at one time. This is under satellite responsibility, not to switch on both Main and
Redundant blocks simultaneously. Anyway, if happens, it is clear that this situation should not cause the
damage in the satellite, HIFI, LO Subsystem or in particular in LCU unit. The protection inside LCU is
provided — the lines, common for both units, are OR-ed by the diode logic. The dedicated hardware and
software keep LCU in the mode similar to stand-by, switching all biases and supplies for LOA to zero. This
protection makes the LCU and LOA safety, however manufacturer cannot guarantee that the full stand-by
mode can be realised. Also the temperature behaviour of LCU is completely different from stand-by mode.

There are two sets (Main and Redundant) of Digital Controller Unit, where the algorithms, procedures and
loops used for controlling the LCU are implemented. Both of them are identical. Each one consists of the
80C32 type microcontroller. 10 MHz oscillator is used as the main microcontroller clock. There are: one IC
of 32kBytes RAM, one 8kBytes PROM and one FPGA used for implementation of glue logic, applied
around microcontroller. RT54XS32 FPGA is chosen as one preferred by HIFI CPPA. The capacity of this
IC is probably much bigger than necessary for realisation of LCU Controller glue logic (plus ICU interface).
The block scheme of LCU Digital Controller is shown in Figure below.
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Figure 3.2-8 Block scheme of LCU Digital Controller

3.2.2.8.1 Modes of operation

3.2.2.8.1.1 Controller’s state

The state of LO Subsystem microcontroller is determined by the following factors:

o power ON/OFF; means that LCU is supplied or not by 28V. It depends of the state of LCL switches
inside S/C PDU,

e previous state,

¢ |CU Commands; the command can be received through the Command and Housekeeping Data Interface,
this is the mostly used way for determining the microcontroller state.

Power ON/OFF - means that LCU Subsystem is supplied by 28V or not. It depends on the state of switches
(external to LCU).

ICU Commands can be receive through the Command Interface via the 1355-bus, this is the mostly used way
for determining the LCU Subsystem microcontroller state.

The LCU microcontroller states are identified by three modes of operation:
1. Off mode

2. Stand-by mode

3. Nominal
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322812 Off

LCU is not powered, no action performed.

3.2.2.8.1.3 Stand-by mode

This mode is dedicated for initialising of LCU Subsystem and for preparing them to operation in Nominal
Mode. The mode can be used every time when it will be necessary to keep LCU Subsystem switched on and
waiting for normal operation

In this mode, only LCU is switched on, except of the situation when the IV curve measurements are
executed.

This mode shall be entered from the Off Mode when power is supplied to the LCU Subsystem.
Stand-by Mode consists of two phases: initialisation and waiting for Nominal Mode.

During the initialisation the LCU initialises itself and provides the autonomous test of PROM and RAM. The
program is loaded to RAM and started. Default Table of LCU Parameters from PROM is loaded to Current
Table of LCU Parameters in RAM. PROM is switched off. The internal commands for switching off all the
heaters are sent and all biases are zeroed.

As the result of tests the status register is set. The Commands and Housekeeping Interfaces are activated. At
the end of all the previous operations the LCU System leaves initialisation phase and starts waiting for
Nominal Mode by default. While in initialisation phase LCU in unable to receive the ICU command.

The full procedure takes TBD second.

While waiting for Nominal Mode LCU is able to receive and execute all of ICU commands.

It is possible to load new parameters to Current Table of LCU Parameters.

It is possible to load and dump RAM or full CTLCUP.

All parameters concerning biases are set to zeroes. One exception exists: these are the results of execution of
IV curve measurement command. After this command, while running the procedure the stage generator is
switched on, the detailed hardware parameters (voltages and currents) of dedicated generator are measured
and stored in RAM.

All the processes are activated in Stand-by Mode as the interrupts. Because of the necessity to reduce of
power consumption, the microcontroller is sleeping (internal idle mode) most of the time with no clock
connected to CPU. Only the internal interrupts are clocked.

The LCU Subsystem exits this mode to enter Nominal Mode upon the reception of special command from
ICU.

3.2.2.8.1.4 Nominal mode

This mode of operation is dedicated for performing the nominal LCU Subsystem operations as:
e Receiving the commands from ICU,

¢ Sending the data to ICU,

e Switching on and off the bias generators.
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The Nominal Mode is entered from Stand-by Mode upon reception of appropriate ICU Command. Within
maximum 60 seconds (all 10 bias generators activated: 5 multipliers, 1 heater, 2 drains and 2 gates) LCU
reconfigures LCU Subsystem (it switches ON the band and programmes the generators) according to the
Current Table of LCU Parameters.

While working in Nominal Mode the microcontroller performs the following actions:

e Receiving, analysing and performing the commands from ICU,

¢ Sending to ICU the housekeeping on request.

All actions in this mode are activated by the interrupts. Each of the interrupt has its own priority. The highest
priority has INTO used for detecting unexpected powering LCU down or overflow of drain current while any
band is switched on. This interrupt, by default, has to be processed not later than 10 ms after the interrupt
appears. The lower priority has interrupt INT1 used for commands and housekeeping services.
Housekeeping service has to be processed within 2 ms. Command execution can be processed even longer
time. Switching on the band can last few seconds. Outside of the time of processing the interrupts the
microcontroller sleeps in idle mode.

The LCU Subsystem exits this mode upon reception of ICU Command and enters the Stand-by Mode.

Additionally some events (for example overflow of drain current or lack of LSU LOCK) cause the automatic
exit from this mode to Failure mode.

3.2.2.8.1.5 Diagnostic mode

In Diagnostics Mode all safety features implemented inside the LCU software (except LO chain IV-curve
measurements, LO chain switch on/off procedures) are by-passed. Most of the commands are allowed and all
commands are executed directly. This mode is for diagnostic purpose only.

3.2.2.8.1.6 Failure mode

Failure Mode can only be entered as a result of a hardware problem. The mode is set automatically by the
LCU and cannot be user-activated. All chains and biases are switched off. The LCU Subsystem exits this
mode upon reception of ICU Commands (HL_CLR_ERROR and HL_NORMAL) and enters the Normal
Mode.

3.2.2.8.2 Structure of the software

3.2.2.8.2.1 Initial and current tables of LCU Parameters

The key for understanding the LCU System normal operations is the set of current tables of LCU Parameters.
The tables determine the ranges of bias generators parameters which can be currently set by LCU System
when any band is switched on in the Normal Mode.

The Tables of LCU Parameters.

There are following tables:




SRON

Doc. no. : SRON-U/HIFI/UM/2004-001

Netherlands Institute for Space Research H I F I U S E R M AN UA L Issue +4.0

Date : 14 July 2008
H I FI VOLUME 1 Category :
Page 1 75 of 295

Default table - contains parameters for the all biases generators in all 14 bands. While initialization
phase this table is filled with parameters from Safe table. Values from Default table are used when
the chain is switched on in Diagnostic mode. Then any change on bias is copied to this Table.

Safe table - contains parameters for the all biases generators in all 14 bands and it is copied from
PROM to XRAM during initialization phase. These values are used when the chain is switched on
with “safe” voltages in Tuning Macros. These values are also copied to Default table when LCU
enters Normal mode.

Red table — contains minimum and maximum values of acceptable voltage range for the all biases
generators in all 14 bands. The table is copied from PROM to XRAM during initialization phase.
Blue table — contains bias limits (voltages) for RF operation. The table is copied from PROM to
XRAM during initialization phase. The values are used in Normal mode when Tuning Macro is
executed.

Green table — contains the acceptable current range for bias generator under RF condition. The table
is decompressed from PROM and stored to XRAM during initialization phase. The values are used
as references while executing D2 loop.

LSU1 frequency table — contains minimum and maximum values of the analogue LSU frequency
telemetry depending on band and frequency index. The table is copied from PROM to XRAM
during initialization phase.

LSU2 power table — contains the nominal LSU power output levels depending on band and
frequency index. The table is decompressed from PROM and stored to XRAM during initialization

phase.

Every parameter of Safe, Red, Blue, Green, LSU1 or LSU2 tables can be changed by ICU command in
Stand-by or Diagnostic Mode (HL_LD_INDEX_TAB and (HL_LD_TAB). Parameters from Default table
follow the bias voltages in Diagnostic mode.

Detail description of the tables is included in document MPIfR/HIFI/TN/2001-521 “LO S/S Operation”.

3.2.2.8.2.2 Memory organisation

The LCU program is saved in 2 PROMs. After RESET the PROMS are rewritten to external RAM and the
program runs. The software uses memory from 0000H to 7FFFH.

0000H — 242FH:

2430H - 6BO7H:

6B08H — 79F7H:
79F8H — 7AFFH:
7BOOH — 7BFFH:
7COOH — 7CFFH:
7D00H — 7DFFH:
7EOOH — 7EFFH:

FFOOH — FFFFH:

program memory

tables memory

patch area memory buffer

operational memory buffer

Tuning Macro parameters buffer

copies of HSK stored during Tuning Macro execution
command queue buffer

copy of RAM area

I/0 port addresses

3.2.2.8.2.3 Description of algorithms
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3.2.2.8.2.3.1 Main algorithm

Program is written in Assembler language of the 80C32, it uses the following interrupts (according to the
priority level):
External interrupt 0 — LCU powering down or overflow drain current,

External interrupt 1 — communication with ICU,
( INITIALIZATION )

A

Power or drain
interrupt

Is any command
10 be executed

Command
execution

Figure 3.2-9, Main algorithm

3.2.2.8.2.3.2 List of procedures

There are 2 types of procedures:
o internal procedures in LCU enabling the normal system operating (i.e. storing and restoring the
parameters, delays, reading the data from A/D converter, etc.),

e procedures directly controlling the bands (switching on/off, IV curve measurements, power down
and drain current overflow interrupt services).

Every command received from ICU is stored to command queue. After each command execution or handling
of the interrupt dedicated to command services from ICU, processor checks the pointer of waiting
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commands. If this pointer is not zero, the first coming command is executed in main program according to
command queue. When command is successfully executed, the counter of executed commands is
incremented. The command’s buffer can contain maximum 64 commands.

There is only one exception of the above rule. Execution of the HL_RESET command starts from the
interrupt service just after its recognition.

Below it is the short description of the procedures directly controlling the bands used in the main program.

3.2.2.8.2.3.3 Command execution

There are four commands directly changing the status of band: switching band on (HL_SWITCH_ON),
switching band off (HL_SWITCH_OFF), changing the bias parameter in band on (HL_SET_xx) and IV
curve measurements (HL_MEASURE_IV_xx). Also the tuning macro commands can change the biases and
status of band. The proper execution of each command above is very important and nearly critical for the
whole subsystem operation.

There are following procedures dedicated for single commands:

HL_SWITCH_ON - switch on the band. LCU is in Normal Mode. Before executing this procedure the
proper values to be actually used for programming the biases should be stored in XRAM (the data is verified
with the table with operational parameters). The whole set of bias generators is programmed to zero output
volts/currents in order to avoid the relays contacts stress and ripples on microwave components. The drain
current overflow flag (DROVRDbit) should be in reset state.
The following actions are serviced in this procedure:
e switch on relay for new band
e wait 100 miliseconds
o clear XRAM for current values of bias generators parameters
e programme the new biases for chosen band The programming is done with the proper ramps for
every bias and in the following order:
o set heater
o set multiplier generators
o set gate generators 1 and 2
o setdrain generators 1 and 2
e in case of overcurrent interrupt is detected and validated then the switching on procedure is stopped,
biases are switched off and DROVR flag is set,
e in case of overcurrent interrupt is neither detected nor confirmed the SWITCH_ON procedure is
successfully finished by setting the internal BANDON flag in RAM.

The ramps for generators settings are: 6V/s for multipliers M1, M2 and M3, 16V/s for gates G1, G2 and
25V/s for drains D1 and D2. Timings from the scope for switching on the LO band 6LA are showed in the
figures below.
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Figure 3.2-11, Timing of switching on biases G1, G2, D1 and D2 in band 6A

HL_SWITCH_OFF — switch off the band. The following actions are serviced in this procedure:

reset BANDON flag

e setto zero drain generators 2 and 1

wait 10 miliseconds

set to zero heater

wait 100 miliseconds
switch off band relay
wait 100 miliseconds

set to zero gate generators 2 and 1
set to zero multiplier generators
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Timings from the scope for switching off the LO band 6LA are showed in the figures below.
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Figure 3.2-13, Timing of switching off biases G1,

HL_MEASURE_IV — measure IV curve. LCU isin D

M1, M2 and M3 in band 6LA

iagnostic or Stand-by Mode. All bands must be

switched off. The following actions are serviced in this procedure :

e clear RAM table for measured values of curre

nts and voltages




o Ro N Doc. no.  : SRON-U/HIFI/UM/2004-001
b Netherlands Institute for Space Research H I F I U S E R M AN UA L Issue +4.0

Date : 14 July 2008
H I FI VOLUME 1 Category :
Page : 80 of 295

switch relay for chosen band

wait 100 miliseconds

set BSYMUX flag in STATUS word

do measurements according to chosen multiplier generator

reset chosen multiplier generator (programme its voltage or current to zero)
wait 100 miliseconds

switch off band relay

wait 100 miliseconds

reset BSYMUX flag in STATUS word

There are 3 procedures according to type of chosen multiplier generator:
1. Ivcurvel for generators 1,2,3,4 (voltage source)
2. lvcurve2 for generators 7,8,9 (voltage source)

The methods of procedures 1 and 2 is the same, the difference is only in polarisation - the voltage increases
from zero to maximum value in procedure 1 and voltage decreases from zero to minimum value in procedure
2. The following actions are serviced in procedures 1 or 2:
e set multiplier voltage to zero
o stepl
o get the first current limit value ( 10 pA in absolute value for all generators)
o set multiplexor for current measurement
o wait 500 miliseconds
o if measured multiplier current is lower than the first current limit then programme the
voltage higher (in absolute value) for one step and measure the multiplier current with 110
miliseconds delay
o if measured multiplier current is equal or exceeds the first current limit then store the last
measured current
o set multiplexor for voltage measurement
o wait 1 second
o measure the multiplier voltage and store the measured voltage

o get the second current limit value ( 100 pA in absolute value for all generators )
o set multiplexor for current measurement
o wait 500 miliseconds
o if measured multiplier current is lower than the second current limit then programme the
voltage higher (in absolute value) for one step and measure the multiplier current with 10
miliseconds delay
o if measured multiplier current is equal or exceeds the second current limit then store the last
measured current
o set multiplexor for voltage measurement
o wait 1 second
o measure the multiplier voltage and store the measured voltage
o step 3 — the same as step 2 but with the third current limit value ( 1 mA in absolute value for all
generators )
e step 4 — the same as step 2 but with the fourth current limit value ( 3 mA in absolute value for
generators 1, 2 and 9 or 2 mA in absolute value for generators 3, 4, 7and 8)
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Timings from the scope for measuring 1V curve of multipliers in LO band 3A and 5A are showed in the
figures below. The timings illustrate only the general features of phenomenon but not the exact values and

polarities.

I/V Curves of B3 Multipliers

&5

76\\75 ro '\;\; O 1 1

A ',“\L
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2l
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Figure 3.2-14, 1V curves measured for multipliers M1, M2 and M3 in band 3A
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Figure 3.2-15, IV curves measured for multipliers M1, M2 and M3 in band 5A

Generator type 1* meas. 2" meas. 3" meas. 4™ meas.
1 10 LA 100 pA 1mA 3mA
2 10 yA 100 pA 1mA 3mA
3 10 uA 100 pA 1mA 2mA
4 10 pA 100 pA 300 pA 1mA
7 10 A 7100 pA 1mA 3mA
8 10 LA 7100 LA 1mA 3mA
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9 | -10 A | -100pA | -300pA | -1mA |

Table 3.2-20 Current values for IV measurements

3.2.2.8.2.3.4 Interrupt services description

Below is given the short description of the interrupt services used in the main program.

3.2.2.8.2.3.4.1 External interrupt 0 — LCU power down or drain current overflow

The following actions are serviced in this procedure:

choose the register bank 2
read #ADC_DATA 1/O port
if it is power down interrupt:
o switch on relay NOMINAL_OFF
o wait 17 miliseconds
o reset band relays
o wait 10 miliseconds
o restart program execution
if it is drain current overflow interrupt:
o read #ADC_DATA 1/0O port and check if it the power down interrupt is kept within 640
miliseconds
o ifitis still power down interrupt and any band is on then reset the biases for chosen band:
reset drain generators 2 and 1
wait 10 miliseconds
reset gate generators 2 and 1
reset multiplier generators
reset heater
restore the register bank

Timings from the scope for setting to zero the most crucial voltages (drains, gates and multipliers) after
detecting power down interrupt are showed in the figures below.
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Figure 3.2-16, Power down LCU behaviour
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Figure 3.2-17, Power down biases timings (in zooming)

3.2.2.8.2.3.4.2 External interrupt 0 — communication with ICU

In this procedure there are two possible ways of operating: for receiving command and for receiving
housekeeping request. The first part is identical for both ways:

e choose the register bank 1

o read received first 8 bits (first byte),

e check if it is command or housekeeping service

The following actions are serviced in command procedure:
o read the rest of command (3 bytes),
e save the current command and its address in the queue of commands




o Ro N Doc. no.  : SRON-U/HIFI/UM/2004-001
b Netherlands Institute for Space Research H I F I U S E R M AN UA L Issue +4.0

Date : 14 July 2008
H I FI VOLUME 1 Category :
Page : 84 of 295

e testif it was command for LCU reset - if it is then restart the program execution, else
e increment the internal counter of commands (COMCOUNTER)
o restore the register bank

The following actions are serviced in housekeeping request procedure:

o read the rest of housekeeping requests (1 bytes),
increment the counter of received housekeeping requests (HSKRECNR)
test the type of housekeeping request and prepare the housekeeping data
send housekeeping data (4 bytes)
restore the register bank.

There are two sources of housekeeping data: it can be taken directly from memory or they are read from the
converter A/D. The data from memory is send immediately on request. When the housekeeping request asks
for measurement that cannot be serviced immediately ( because at the moment the multiplexor is used in
another procedure ), LCU status/active band word instead of measured value is sent (NOMEAS bit is set to
1).

3.2.2.8.2.4 Source code

Written and available at SRC as “lcu2917.msa” . The program file is “lcu2917.hex” in INTEL format and
“lcu2917.bin” in binary format.

3.2.2.8.3 Input commands from ICU
3.2.2.8.3.1 List of the ICU commands

There are three types of commands dedicated for LCU depending of its addressing. The list is shown in
Table below.

Format (in hex) Description Comments

FOXXXRXXX Commands for LCU subsystem controlling

Flxxxxxx Commands for loading tables

F2XXXXXX Commands for loading macro-commands

F3XXXXXX Commands for LCU memory loading and For load and dump
configuration memory request

Table 3.2-21 The list of ICU command types dedicated for LCU

3.2.2.8.3.2 Commands for LCU subsystem controlling

The mnemonics and binary codes of commands are shown in table below.

Mnemonic ‘ Format (in hex) ‘ description
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HL_SWITCH_OFF FO0O0 FFFF all LO channels switched off

HL_SWITCH_ON FOO1 0XO0X active LO channel (band X=1..14)

HL_STANDBY F002 0202 LOU in Stand-by mode

HL_NORMAL F003 0303 LOU in Normal mode

HL_DIAGNOSTIC F004 0404 LOU in Diagnostic sub-mode

HL_STORE_TM FOO5 ABAB Store the last setting for TM to be used in FSW

HL _FSW_1 FOO5 F1F1 Set frequency 1 in FSW

HL_FSW_2 FOO0S5 F2F2 Set frequency 2 in FSW

HL_DEF_SAFE FO006 S5AFE Return to default safe table

HL_DIS LOCK F007 DDDD Disable interrupt from LSU LOCK failure

HL_ENA LOCK FO007 EEEE Enable interrupt from LSU LOCK failure

HL_RESET F008 CAFE Reset LCU

HL_CLR_ERROR F009 0909 Clear error status

HL_SET HEATER FOOA 0XXO set main heater (parameter XX)

HL SET _MASKBAND |FOOF XXXX set enabled/disabled mask band

HL_SET_D2LOOP FOlS sppP set D2 loop, SS=step, PPP= target value D2

HL_SET_BIAS FO02X sppP set S bias generator (parameterPPP) in band X

HL_ MEASURE_IV FOexX MOOO Measure IV curve for M multiplier in band X

HL_SET _EXTFLAGS |F080 000X Set external flags: bit0 = IGN_LSU_LOCK,
bitl=IGN_LSU FTLMY

HL_SET DELTAFRQ |F090 XXXX Set LSU_DELTA_FREQ TLMY

HL_SET_FINDEX FOAQ XXYY Set freq indices: XX- for blue, YY-for green

HL LSU_ MAIN FOBP PPPP Set LSU frequency Main to synthesizer chip

HL LSU OFFSET FOCP PPPP Set LSU frequency Offset to synthesizer chip

HL_LSU_POWER FODO 00pPP Set LSU output Power to synthesizer chip

HL_LSU_SUBAND FOEQO 00pPP Set LSU sub-band to synthesizer chip

HL_LD_ADDRESS F300 yyyy Load address yyyy (for patching)

HL_LD_XRAM F321 xxxx Load XRAM xxxx to address yyyy (patching)

HL_SET_RAMPAGE F30A CCYY Set XRAM page to address YY0O (for dumping)

HL_CHECKSUM F3CC 0000 Calculate checksum of XRAM

HL_REWRITE_RAM F377 0000 Rewrite RAM 0-FFH to XRAM 7E00-7EFFH

Table 3.2-22 The list of ICU commands for LCU subsystem controlling

3.2.2.8.3.3 Commands for loading macrocommands

Mnemonic Format (in hex) | description
HL_MACRO F20N X000 1* macrocommand in the frame:
N — number of data (1..14)
X - format identification
HL_MACRON F2KP PPPP macrocommand data part ( K = 1..N)
PPPPP — 20 bit data
HL MACRO_LAST F2FS SSSS End of frame, sssss = checksum

Table 3.2-23 The command definition for LCU macrocommands
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Commands within the macrocommands frame must be placed in the strictly defined order. At the moment
there are only one type of macrocommand — it is tuning macro procedure. The proper command’s sequence
of this macro is the following:

F20C1000 ;start of macrocommand for Tuning Macro
F21xyy00 ;X=band, yy=frequency index
F22xXXXXX Xxxxx=LSU frequency main
F23xXXXXX Xxxxx=LSU frequency offset
F24000yy ;yy=D2-loop step
F2500xxx ;Xxx=setting for PL
F2600xxx ;XxXx=setting for M1
F2700xxx ;Xxx=setting for M2
F2800xxx ;Xxx=setting for M3
F2900xxx ;Xxx=setting for G1
F2A00xxx ;Xxx=setting for G2
F2B00xxx ;xxx=setting for D1
F2C00xxx ;Xxx=setting for D2
F2Fsssss ;sssss=checksum or 00000

If sssss =0 then no test for checksum is done, otherwise sssss = (arithmetic minus) (sum of all PPPPP),
ie. when checked, sum of all PPPPP plus sssss should be zero.

When settings for M1...D1 are equal zeros (raw zero: 0x000) then the bias parameters from SAFE Table are
used.
Tuning macro procedure is also used for switching off the band in Normal operation (if band =0).

3.2.2.8.3.4 Commands for loading LCU tables

Mnemonic Format (in hex) |description
HL LD INDEX TAB |F10F xxxx Load index for table
HL LD TAB F1AA xXXX Load value to the table

Table 3.2-24 The command definition for LCU tables controlling

3.2.2.8.3.4.1 Load index for tables

HL_LD_INDEX_TAB
OXF10F XXXX

This command loads index for table. Word XXXX contains the following information:

MSBit-13 12-8 7 6-4 3 - LSBit
TABLE FREQ MINMAX STAGE BAND

BAND = band number (1..14)
STAGE = stage number (0..7)
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FREQ = frequency index (0.. 30)
TABLE =000 safe table
=001 red table
=010 blue table
=011 green table
=100 LSU frequency table
=101 LSU power output table

MINMAX = 0 for minimum (or safe) values (given in hex format),
MINMAX =1 for maximum values (given in hex format).

3.2.2.8.3.4.2 Load value to the table

HL LD TAB
OXF1AA XXXX

This command loads value XXXX to the table according to the index.

3.2.2.8.3.5 Description of LCU Commands

3.2.2.8.3.5.1 Switch all the bands off

HL_SWITCH_OFF
0XF000 FFFF

This command forces activated LO channel to be switched off. It can be executed in DIAGNOSTIC mode.
The following actions are serviced in this procedure :
e if mode is not DIAGNOSTIC then set CMError
check if actual band #0 and then
Set all stages to zero (with ramping in a proper order)
Wait 100 milliseconds
Set relay band off
Wait 100 milliseconds

3.2.2.8.3.5.2 Switch on the band

HL_SWITCH_ON
0XF001 0X0X

This command activates one chosen LO band (channel X). Parameter X has the values as described in
Chapter 8. The command can be executed in DIAGNOSTIC mode. The following actions are serviced in this
procedure :

e if mode is not DIAGNOSTIC then set CMError

e if Xisinvalid or disabled then set CPError
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if currently any band is ON then set CMError

reset all supplies to zero voltage

set band on relay

wait 100 milliseconds

set all stages to values taken from temporary default table with ramping in a proper order (at the
beginning the parameters in the default table are copied from the safe table, then they follow all
changes introduced with HL_SET_ BIAS commands)

e wait 100 milliseconds

3.2.2.8.3.5.3 Standby mode

HL_STANDBY
0xF002 0202

This command forces LCU to enter Standby Mode of operation. The command can be executed in
DIAGNOSTIC and NORMAL modes. The following actions are serviced in this procedure :
e Setlsu off:
o Disable interrupts from LSU lock failure
o Invalidate setting for LSU frequency
o Set LSU subband off
o Switch all the bands off (setting all stages to zero with ramping in a proper order)
e Set standby relay

3.2.2.8.3.5.4 Normal Mode

HL_NORMAL
0xF003 0303

This command forces LCU to start Normal Mode of operation. In this mode Tuning Macros are used to set
biases and frequency in any band in a safe way. The frequency switching commands are allowed and
executed only in this mode (under certain conditions previously defined). This is the only mode to be
activated from Standby mode. The command can be executed in all modes: STANDBY, DIAGNOSTIC and
FAILURE modes. The following actions are serviced in this procedure :

o Copy SAFE table to temporary default table

e Set nominal relay

e Invalidate setting for LSU f-indices:

L

Clear flags:
o F_INDEX
o F1_READY
o F2_READY
o TMS_READY

The execution of HL_NORMAL command takes about 30 msec. This time is mainly because of the 17 msec
procedure of copying the safe table to default and 10 msec impulse that is needed to turn on the relay for
nominal mode.




o Ro N Doc. no.  : SRON-U/HIFI/UM/2004-001
b Netherlands Institute for Space Research H I F I U S E R M AN UA L Issue +4.0

Date : 14 July 2008
H I F I VOLUME 1 Category :
Page : 89 of 295

3.2.2.8.3.5.5 Diagnostic Mode

HL_DIAGNOSTIC
0xF004 0404

This command forces LCU to start Diagnostic Sub-Mode of operation. It can be reached from Normal mode
and it is only for diagnostic purposes.

3.2.2.8.3.5.6 Store the last settings for TM to be used in FSW

HL_STORE_TM
0XF005 ABAB

This command stores the last successfully accomplished Tuning Macro settings. The command is valid only
in NORMAL mode. When any setting is already stored as settingl to be used as F1 in FSW, the next one
can be stored as setting2 to be used as F2 in FSW only when the new setting “matches” the previous one. If
it does not matches, the old setting is deleted and the new one is stored as settingl. For detail description see
document MPIfR/HIFI/TN/2001-521 “LO S/S Operation”.
Conditions for saving setting2 are the following:
e LSU Mainl parameter differs from LSU Main2 or LSU_Offsetl parameter differs from
LSU_Offset2,
o Bias parameters M1, M2, M3, G1, G2, D1 (all parameters except D2) are the same in settingl and in
setting2,
e Activated band is the same in both settings,
e Frequency indices differ not more than about 1,
o LSU FREQ _TLMY for both settings differs not more than given LSU_DELTA FREQ _TLMY (if
flag IGN_LSU_FTLMY indicates for comparing these values).

3.2.2.8.3.5.7 Go to F1 frequency in FSW

HL_FSW_1
0XF005 F1F1

This command forces LCU to start FSW operation on frequency F1 stored in settingl. It is executed only in
NORMAL mode. The following actions are serviced in this procedure :

e Check if both flags F1_READY and F2READY are set and then:
Set drain D2 ( with appropriate ramping) to a minimal value from settings: MC1.D2 or MC2.D2
Set LSU power to minimal value
Set LSU frequency (offset and main)
Wait for LSU LOCK maximum 100 miliseconds
If there is no LOCK signal and flag IGN_LSU_LOCK = 0 then set LOCK_ERR and exit
Enable interrupt from LSU lock
Check if LSU_FREQ _TLMY is agreed with LSU frequency table (if flag IGN_LSU_FTLMY
indicates for checking), if does not agreed set FRQ error and exit
e Set LSU power to wanted value
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e Set drain D2 to wanted value (with appropriate ramping)

3.2.2.8.3.5.8 Go to F2 frequency in FSW

HL_FSW 2
0XF005 F2F2

This command forces LCU to start FSW operation on frequency F2 stored in setting2. It is executed only in

NORMAL mode.

3.2.2.8.3.5.9 Return to default safe table

HL_DEF_SAFE
0XF006 5AFE

This command forces LCU to copy safe table to the temporary default parameter table.

3.2.2.8.3.5.10 Disable interrupt from LSU LOCK failure

HL_DIS_LOCK
0XF007 DDDD

This command disables interrupts from LSU LOCK failure.

3.2.2.8.3.5.11 Enable interrupt from LSU LOCK failure

HL_ENA_LOCK
0XF007 EEEE

This command enables interrupts from LSU LOCK failure.

3.2.2.8.3.5.12 Reset LCU

HL_RESET
OXF008 CAFE

This command forces LCU to be reset, i.e. controller starts to run from the programme beginning.

3.2.2.8.3.5.13 Clear ERROR status
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HL_CLR_ERROR
0XF009 0909

This command sets to zero the ERROR status.

3.2.2.8.3.5.14 Set main heater

HL_SET_HEATER
0XFOOA 0XX0

This command sets main heater in LCU.

3.2.2.8.3.5.15 Set band mask ( band disabling/enabling)

HL_LD_MASKBAND
OXFOOF XXXX

This command sets mask for bands which can be switched on. Bit equals 1 enables band switching on.

LV'SBi 14 |13 |12 |11 |10 |9 8 7 6 5 4 3 2 1 LSBit

0 0 Mask | Mask | Mask | Mask | Mask |Mask |Mask | Mask | Mask | Mask | Mask | Mask | Mask | Mask
7b |7a |6b |6a |50 |5a |[4b |4a |3b |3a |[(2b |2a |1b |1la

3.2.2.8.3.5.16 Set D2 with step

HL_SET _D2LOOP
OXFO01S Sxxx

This command sets step SS for housekeeping measurements inside D2 loop procedure when D2 bias voltage
is increased to target value xxx.

Target value xxx is calculated as described in chapter 8.3.

Step SS is from range 1..255 which corresponds to engineering values from (1000/256)mV to
(255000/256)mV

3.2.2.8.3.5.17 Set bias generator in band X

HL_SET_BIAS(X,S,PPP)
OXF02X SPPP

This command sets the parameter PPP to the appropriate S bias generator in LO band X in diagnostic mode.
In case when band X is not active the command loads the new parameter only to the default table of
parameter (CTLCUP) in RAM. In case when band X is active then the command loads the new parameter to
the CTLCUP table in RAM and it has the direct impact to the programmed bias value ( bias generator output
changes immediately with the ramp according to the new value).
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All parameter conversion data is presented in document SRC/LCU/L1/2003-049 “FHLCU Commands and
Housekeeping Database”

3.2.2.8.3.5.18 Measure IV curve on diode for multiplier generator M in band X

HL_MEASURE_IV(X,M)
OXFOBX M000

This command starts the procedure for measuring the IV curve in multiplier generator M in band X. The

command is accepted and executed only when LCU is in Diagnostic mode and all the bands are switched off.
Parameters M and X can take the values as described in Chapter 8.

3.2.2.8.3.5.19 Set external flags

HL_SET_EXTFLAGS(X)
0XF080 000X

This command sets the external flags which are used in D2 loop procedure and in Tuning Macro.

MSB 2 1 LSB
0 0 IGN_LSU FTLMY | IGN_LSU_LOCK

IGN_LSU_FTLMY flag is checked in HK LSU frequency telemetry verification procedures in Tuning
Macro and FSW. When this flag is set (IGN_LSU_FTLMY=1) then the HL_LSU_FREQ_TLMY is accepted
without verification with LSU table. When this flag is zero (IGN_LSU_FTLMY=0) then
HL_LSU_FREQ_TLMY is verified with respect to LSU table; in case LSU frequency exceeds LSU table
values, the Failure mode is activated.

IGN_LSU_LOCK flag is checked in LSU lock verification procedure in Tuning Macro. When this flag is set
(IGN_LSU_LOCK=1) then there is no error set even when LSU remains unlocked after lock timeout passed.

3.2.2.8.35.20 Set LSU_DELTA FREQ TLMY

HL_SET_DELTAFRQ(XXXX)
0XF090 XXXX

This command sets the delta frequency LSU_DELTA_FREQ_TLMY. The value is used in verification the
LSU frequency in FSW.

3.2.2.8.3.5.21 Set frequency index

HL_SET_FINDEX(XXYY)
OXFOAO XXYY
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This command sets the frequency index XX for Blue and YY for Green tables. Parameter XX can take the
value from the range 0 — 30, parameter YY must have the same value as Blue index XX or it can have the
value 31. The command is accepted only in DIAGNOSTIC mode and the values set with it are valid only in
DIAGNOSTIC mode. They are cleared when NORMAL mode is activated. In Normal mode the frequency
Blue index is set only as a parameter in macro-command. The Green index is chosen automatically when
tuning macro procedure is performed (depending on other parameters setting).

3.2.2.8.3.5.22 Set LSU Frequency Main

HL_LSU_MAIN
OXFOBP PPPP

This command transmit parameter PPPPP to frequency Main LSU synthesizer chip.

3.2.2.8.3.5.23 Set LSU Frequency Offset

HL_LSU_OFFSET
OXFOCP PPPP

This command transmit parameter PPPPP to frequency Offset LSU synthesizer chip.

3.2.2.8.3.5.24 Set LSU Output Power

HL_LSU_POWER
0XFODO 00PP

This command transmit 5-bit parameter PP to LSU output power.

3.2.2.8.3.5.25 Set LSU Sub-band

HL_LSU_SUBAND
OXFOEO 00PP

This command transmit 6-bit parameter PP to LSU interface according to the cross-table in document
SRON-U/HIFI/SP/2002-003 “LCU-LSU interface specification” issue 1.7.

3.2.2.8.3.5.26 Commands for LCU memory configuration before uploading data

HL_LD_ADDRESS
OXF300 YYYY

This command load XRAM address in LCU to YYYY. Next command must be HL_LD XRAM for loading
data (word) to this address.
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3.2.2.8.3.5.27 Commands for LCU memory loading

HL_LD_XRAM
OXF321 XXXX

This command loads word XXXX to address YYYY in LCU XRAM. To activate this operation, the
previous command should be HL_LD_ADR. Otherwise the command is not executed.
The high byte is loaded to address YYYY and the low byte into YYYY+1.

3.2.2.8.3.5.28 Commands for LCU memory configuration before dumping data

HL_SET_RAMPAGE
OXF30A CCYY

This command sets XRAM page in LCU to address YY00.

3.2.2.8.3.5.29 Calculate checksum of XRAM

HL_CHECKSUM
0XF3CC 0000

This command activates the calculation of checksum of XRAM in LCU. The checksum is the sum of all
bytes from the area: 0x0000 — Ox79F7. It is stored as 16-bits value.

The execution of HL_CHECKSUM command takes not more than 800 milliseconds. So if microcontroller is
not occupied with other actions (executing any other command), the recalculated checksum value can be
available within 1 second after LCU receives HL_ CHECKSUM command.

3.2.2.8.3.5.30 Rewrite RAM

HL_REWRITE_RAM
0XF377 0000

This command rewrites RAM area 0 — FFH to the XRAM area 7E00H — 7EFFH.

3.2.2.8.4 Housekeeping requests

Data from LCU can be sent to ICU via ICU interface on housekeeping request.

3.2.2.8.4.1 List of the ICU housekeeping requests

There are three types of housekeeping requests dedicated for LCU depending of its addressing. The list is
shown in Table below.
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Format (in hex) | Description Comments
BOxx Housekeeping requests for LCU subsystem
controlling
B1xx Housekeeping requests for LCU tables
B2xx Housekeeping requests for LCU events
B3xx Housekeeping requests for LCU memory dumping

Table 3.2-25. The list of ICU housekeeping requests types dedicated for LCU

3.2.2.8.4.2 Housekeeping requests for LCU subsystem controlling

The mnemonics and binary codes of housekeeping requests are shown in table:

Mnemonic Format (in hex) description

HL_ RD_TEMP BO3X Read hsk for LCU sensor temperature in band X
HL RD_V BO4S read bias S voltage

HL RD C B05S read bias S current

HL_RD_LS RF B08O Read hsk for LSU RF Power
HL_RD_LS 17V5 BO81 Read hsk for LSU 17,5V voltage
HL RD LS 17V5ST BO82 Read hsk for LSU 17,58V voltage
HL RD_LS 10V5 B083 Read hsk for LSU 10,5V voltage
HL RD LS 9V5 B084 Read hsk for LSU 9,5V voltage
HL_ RD LS 7V5 BO85 Read hsk for LSU 7,5V voltage
HL_RD LS_FRQ B086 Read hsk for LSU FREQ TLMY
HL_ RD LS 17V5 C |B089 Read hsk for LSU 17,5V current
HL RD_LS 17V5Stby |BO8A Read hsk for LSU 17,58V current
C

HL RD LS 10V5 C BO8B Read hsk for LSU 10,5V current
HL RD LS 9Vv5 C B0O8C Read hsk for LSU 9,5V current
HL RD LS 7V5 C BO8D Read hsk for LSU 7,5V current
HL RD LS 7V5M C |BOSE Read hsk for LSU -7,5V current
HL RD LSU T1 B090 Read hsk for LSU temperaturel
HL_RD LSU T2 BO91 Read hsk for LSU temperature2
HL_RD LSU T3 B092 Read hsk for LSU temperature3
HL RD LSU T4 B093 Read hsk for LSU temperature4
HL RD NTC BOAL Read hsk for LCU NTC2s
HL_RD_CTSENSE BOA2 Read hsk for LCU CTSENSE
HL_RD_PT500REF BOA3 Read hsk for LCU PT500REF
HL_RD_AGND1 BOA4 Read hsk for LCU AGND REF1
HL RD_AGND2 BOBO Read hsk for LCU AGND2
HL_RD_VS5P BOB1 Read hsk for LCU VS+5
HL_RD_VS15P BOB2 Read hsk for LCU VS+15

HL RD_VS15M BOB3 Read hsk for LCU VS-15
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HL_RD_REF2V5 BOB4 Read hsk for LCU REF+2_5
HL_RD_AGNDREF BOB5 Read hsk for LCU AGND REF
HL_RD_INDEX_TAB |BlOF Read index table

HL_RD_GET_TAB B1AA Read value from the table

HL_RD_XRAM B3XX Read XRAM from offset XX of RAMPAGE

(dumping)

Table 3.2-26. The list of ICU housekeeping requests for LCU subsystem controlling

3.2.2.8.4.3 Housekeeping requests for LCU events

The mnemonics and binary codes of housekeeping requests are shown in table:

Mnemonic Format (in hex) Description

HL _RD _STATUS B200 read LCU status/active band
HL_RD_ERROR B201 read error status

HL_RD LAST EXE_HI |B202 read last executed command (hi)

HL RD LAST EXE LO |B203 read last executed command (lo)
HL_RD_VERSION B204 read PROM software version

HL RD MASKBAND B205 read mask of enabled bands
HL_RD_RAMPAGE B206 read RAMPAGE

HL_RD_ ADDRESS B207 read address for loading XRAM (patching)
HL RD_COMCNTR B208 read command counter
HL_RD_HSKCNTR B209 read housekeeping request counter

HL RD FALCOM B20A read false command counter/false hsk req.
HL RD IN_OUT_BUF B20B read in/out command buffer indices
HL_RD_ADC_DATA B20C read ADC_DATA

HL_RD HEATER B20D read value for heater

HL_RD CHECKSUM B20E read checksum of XRAM
HL_RD_FINDEX B20F read f-indices: blue and green

Table 3.2-27. The list of ICU housekeeping requests for LCU events

3.2.2.8.4.4 Housekeeping requests for LCU memory dumping

HL_RD_XRAM:
0XB3YY

This command returns value of successive bytes (1 words) from the offset YY in LCU XRAM page.

When RAMPAGE is set to 7AH the data has the following meaning:
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Mnemonic

Format (in hex)

Description

HL_RD_SUP_G1

B300

read actual G1 voltage setting

HL_ RD _SUP_G2 B302 read actual G2 voltage setting
HL_RD_SUP_D1 B304 read actual D1 voltage setting
HL RD_SUP_D2 B306 read actual D2 voltage setting
HL RD SUP_1 B308 read actual genl voltage setting
HL RD_SUP_2 B30A read actual gen2 voltage setting
HL RD SUP_3 B30C read actual gen3 voltage setting
HL RD SUP 4 B30E read actual gen4 voltage setting
HL RD _SUP_6 B312 read actual gen6 voltage setting
HL_RD SUP_7 B314 read actual gen7 voltage setting
HL RD_SUP_8 B316 read actual gen8 voltage setting
HL RD_SUP_9 B318 read actual gen9 voltage setting
HL RD_IV_V1 B320 read 1V curve — data voltage 1
HL RD_IV_V2 B322 read 1V curve — data voltage 2
HL_RD_IV_V3 B324 read 1V curve — data voltage 3
HL RD_IV_V4 B326 read 1V curve — data voltage 4
HL RD_IV_C1 B328 read 1V curve — data current 1
HL RD_IV_C2 B32A read 1V curve — data current 2
HL_RD IV_C3 B32C read IV curve —data current 3
HL RD IV _C4 B32E read IV curve —data current 4
HL RD_LASTIV B330 read stage/band in last measured IV curve
B332 read EXCEPTION (only for diagnostic)
B334 read last multiplexer settings: LENAO-LENA1
B336 read LENAT-LSU SUBBAND T
(see description below)
B338 read LSU SUBBAND-LSU POWER
B33A read LSU_F_MAIN (ms byte — hi byte)
B33C read LSU_F_MAIN (lo byte)-LSU_F_OFFSET
(ms byte)
B33E read LSU_F_OFFSET (hi byte — lo byte)
B340 read LSU_F_INDEX_BLUE-
LSU F INDEX_GREEN
B342 read LSU_DELTA_FREQ TLMY
B344 read HSK_LSU _FREQ TLMY 2
B346 read HSK_GREEN_MIN-HSK_GREEN_MAX bit
masks
B348 read HSK_LSU_CHECK_FREQ_TLMY

Where:

LENAT is a copy of last used LENAL (only bytes 7..4). The four bits of LENAL select one of 16 PT100,

which should be kept unchanged when other things are measured; this should change when temperature is

measured.

LSU_SUBBAND_T is the value really sent to LSU, it is result of transformation of LSU_SUBBAND or

BAND (1..14)

Doc. no. : SRON-U/HIFI/UM/2004-001
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LSU_SUBBAND is the LSU style 6-bit command for setting sub-band.

LSU_F_MAIN and LSU_F_OFFSET: MAIN & OFFSET has the double meaning: it is the value to be
sent, but it is used also as the value last sent; therefore it is cleared to FFFF at operation changing subband.

LSU_DELTA_FREQ_TLMY it is maximal acceptable difference of LSU frequency telemetry for FSW.

HSK _LSU FREQ TLMY_2 itis LSU frequency telemetry read in FSW.

HSK_GREEN_MIN and HSK_GREEN_MAX: the two bit masks for GREEN table violation. They are
result of '‘check HSK_green'. i-th bit is set if the corresponding current (in stage i-th) is too big or too small.

HSK_ LSU CHECK_FREQ TLMY itis LSU frequency telemetry read in tuning macro procedure just

after LSU locking — this value is used for checking with LSU1 table.

When RAMPAGE is set to 7BH the data has the following meaning:

Format (in hex)

Description

B300 + offset

read MC_BUFF: buffer with parameters for Tuning Macro

B340 + offset

read TM_MCO: copy of MC_BUFF after successful Tuning Macro (valid
if bit TMS_READY =1)

B370 + offset

read TM_MC1: copy of TM_MCO (valid if bit F1_READY =1)

B3A0 + offset

read TM_MC2: copy of another TM_MCO (valid if bit F2_READY = 1)

Offset has the following meaning:

Offset (in hex)

Description

00 TM_BAND-TM_F_INDEX_BLUE
02 TM_F_INDEX_GREEN-TM_F_MAIN(ms byte)
04 TM_F_MAIN(hi byte - lo byte)

06 TM_F_OFFSET(ms byte — hi byte)
08 TM_F_OFFSET(lo byte) — idle byte
0A idle byte —-TM_D2STEP

0c idle byte —-TM_PL (hi byte)

OE TM_PL(lo byte) - idle byte

10 TM_M1 voltage

12 idle byte ~-TM_M2(hi byte)

14 TM_M2(lo byte) - idle byte

16 TM_M3 voltage

18 idle byte -TM_G1(hi byte)

1A TM_G1(lo byte) - idle byte

1C TM_G2 voltage

1E idle byte ~-TM_D1(hi byte)

20 TM_D1(lo byte) - idle byte

Doc. no. : SRON-U/HIFI/UM/2004-001
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|22

| TM_D2 voltage

The value of green index (TM_F_INDEX_GREEN) in the MC_BUFF buffer is irrelevant. It is set equal to
the blue index at the beginning of Tuning Macro, and later can be changed to 1FH (-1).

If TM_BIASES (for stages M1..D1) are all zero in macrocommand, they will be replaced in Tuning Macro

by safe values. Green index gets value 1FH (-1) at the same time.

When RAMPAGE is set to 7CH the data has the following meaning:

Format (in hex)

Description

B300 + offset

read HSK_TML1: housekeeping after first BAND_ON of the given band in
NORMAL mode

time during D2 loop

B320 + offset read HSK_TMZ2: housekeeping after setting biases while Tuning Macro in
NORMAL mode

B340 + offset read HSK_TM3: housekeeping after setting LSU frequency while Tuning
Macro in NORMAL mode

B360 + offset read HSK_TM: last housekeeping in Tuning Macro in NORMAL mode

B380 + offset read HSK_G: housekeeping when Green table was exceeded for the first

Offset has the following meaning:

Offset (in hex) Description

00 LSU_RF_POWER
02 M1 voltage

04 M2 voltage

06 M3 voltage

08 G1 voltage

OA G2 voltage

oc D1 voltage

OF D2 voltage

10 LSU_FREQ TLMY
12 M1 current

14 M2 current

16 M3 current

18 G1 current

1A G2 current

1c D1 current

1E D2 current

3.2.2.8.4.5 Description of Housekeeping Data
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3.2.2.8.45.1 LCU Status
HL_RD_STATUS:
0xB200 XXXX
Word STATUS contains the following information:
MSBit |14 13 12 11 10 9 8 7-4 3-
LSBit
ERROR |ACTIV |EIL BOOT |TSET |F2 F1 FR MODE | Band
E
X —undefined bit
Band = 1..14 or 0 when band OFF
MODE =0 - standby
=10 - normal
=11 - diagnostic
=15 - failure
FR = 1: F-index set (program knows it)
F1 = 1: f1 ready (after tuning macrol)
F2 = 1: 2 ready (after tuning macro2 agreed with macrol)
TSET = 1: Tuning set ready (when last tuning macro parameters are suitable for saving)
BOOT : set on boot, reset on Clear Error Status command
EIL = 1: enabled interrupt from LSU LOCK failure
ACTIVE = 1: command execution
ERROR = 1: global error flag, set to 1 if any of the flags in the error status is set.
3.2.2.8.45.2 LCU Error
HL_RD_ERROR:
0xB201 XXXX
Word XXXX contains the following information:
MSBit [14 |13 |12 11 10 |9 8 7 6 5 4 3 2 1 LSBit
DRE |L3E |L2E |LIE |FRQ |LOC |GXE |GME |CME |CPE |EXCP |[CCE |BXE |BME |RXE |RME
K

Bit=1 means error condition

User errors:

RME = RED_min error
RXE = RED_max error
BME = BLUE_min error
BXE = BLUE_max error
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CCE = command code error

EXCP = software exception occurred error
CPE = command parameter error

CME = command mode error

Hardware events:

GME = GREEN_min error

GXE = GREEN_max error

LOCK = no lock in tuning macro error
FRQ = LSU frequency out of range error
L1E = LOCK1 error

L2E = LOCK2 error

L3E = LOCKS3 error

DRE = Drain over-current error

3.2.2.8.4.5.3 Read last executed command (high byte)

HL_RD_LAST EXE_HI:
0xB202 XXXX

Word XXXX returns 2 high bytes of last executed command.

3.2.2.8.45.4 Read last executed command (low byte)

HL_RD_LAST_EXE_LO:
0xB203 XXXX

Word XXXX returns 2 low bytes of last executed command.

3.2.2.8.45.5 Read PROM software version

HL_RD_VERSION:
0xB204 XXXX

Word VERSION contains the information about the software that is currently saved in PROM.

MSBit - 13 12-8 7-4

3 - LSBit

Model Version Month

Year

Model = 0 for LCU-QM,
=1 for LCU-IMD?2,
=2 for LCU-FM

Month = decimal values.

Year = year — 2000,

3.2.2.8.45.6 Read mask of enabled bands
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HL_RD_MASKBAND:
0XB205 XXXX

Word MASKBAND contains the information about the mask of enabled bands which can be switched on
during normal operation.

MSBit | 14 13 12 11 10 9 8 7 6 5 4 3 2 1 | LSBit
0 0 Mask | Mask | Mask | Mask | Mask | Mask | Mask | Mask | Mask | Mask | Mask | Mask | Mask | Mask

7b 7a | 6b 6a | bb 5a | 4b | 4a | 3b | 3a | 2b 2a 1b la

Mask x = 0 when band x should not be switched on,
Mask x = 1 when band x can be switched on.

3.2.2.8.45.7 Read RAMPAGE

HL_RD_RAMPAGE:
0xB206 00XX

Byte XX contains the RAMPAGE

3.2.2.8.4.58 Read ADDRESS

HL_RD_ADDRESS:
0XB207 XXXX

Word XXXX contains the address for loading XRAM.

3.2.2.8.45.9 Read command counter

HL_RD_COMCNTR:
0XB208 XXXX

Word XXXX contains the command counter.

3.2.2.8.4.5.10 Read housekeeping request counter

HL_RD_HSKCNTR:
0xB209 XXXX

Word XXXX contains the housekeeping request counter.

3.2.2.8.45.11 Read false command and housekeeping request counters
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HL_RD_FALSECNTR:
0XB20A XXYY

Byte XX contains the false command counter, byte Y'Y — false housekeeping request counter.

3.2.2.8.4.5.12 Read in/out command buffer indices

HL_RD_IN_OUT_BUF:
0XB20B XXYY

Byte XX contains the index to incoming command buffer, byte Y'Y — index to executed command buffer.

3.2.2.8.4.5.13 Read ADC_DATA

HL_RD_ADC_DATA:
0xB20C 00XX

Word XXXX contains the word from hardware port ADC_DATA:

MSBit |6 5 4 3 2

LSBit

DR int |PWR int|Xx X MainRed | LSUS3

LSUS2

LSUS1

X — undefined bit

DR_int bit = 0 when no interrupt from drain circuit,
= 1 when is interrupt from drain circuit.

PWR_int bit = 0 when no interrupt from power supplier,
= 1 when is interrupt from power supplier.

MainRed bit = 1 if Main is powered on,
= 0 if Redundant is powered on.

LSUS3 bit = 0 for LSU LOCK3,
=1 for LSU UNLOCKS.

LSUS2 bit = 0 for LSU LOCK?2,
=1 for LSU UNLOCK?2.

LSUS1 bit = 0 for LSU LOCK,
=1 for LSU UNLOCK1.

3.2.2.8.4.5.14 Read main Heater programming value

HL_RD_HEATER:
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0xB20D 0XX0

Word XX contains the last programmed value for main heater.

3.2.2.8.4.5.15 Read checksum

HL_RD_CHECKSUM:
0xB20E XXXX

Word XXXX contains the checksum of XRAM. The checksum is the simple sum of all bytes from the
following areas:

e program memory

e tables memory

e patch area memory buffer

For LCU-FM software ver.2917 from January 2007 the XRAM area for calculation checksum includes:

address Name of area size comments

0x0000 — 0x2791 Program memory 10130 bytes

0x2792 — 0x2E59 LSU1 frequency table | 1736 bytes 14*31*2 (min/max)= 868
parameters

Ox2E5A — 0x2F39 Default table 224 bytes After RESET and after every

entering NORMAL mode it is
copied from SAFE table,
otherwise it can be changed by
command HL_SET _BIAS in
DIAGNOSTIC mode.

Ox2F3A — 0x3019 SAFE table 224 bytes 5*8 + 9*7 = 103 parameters
plus 9 words of 0x0800 (for
unused M3)

0x301A —0x31D9 RED table 448 bytes (5*8+9*7)*2 = 206 params
plus 9*2 words of 0x0800 (for
unused M3)

0x31DA — 0x36C5 |BLUE table 1260 bytes (5*7+9*6)+(5*6+9*5)+14*31
= 598 params plus 9*2 words
of 0x0800 (for unused M3) and
plus 14 words 0x0000 (for

empty D2max)
0x36C6 — 0x3A29 LSU2 power table 868 bytes 14*31 = 434 parameters
Ox3A2A — 0x6B29 |GREEN table 12544 bytes | (5*7+9*6)*32*2 = 5696

parameters plus 9*32*2 words
of 0x0800 (for unused M3)

Ox6B2A — 0X79F7 patch area memory | 3790 bytes After RESET filled with OxFF
buffer
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3.2.2.8.4.5.16 Read frequency indices

HL_RD_FINDEX:

0xB20F XXYY

Byte XX contains the Blue index and byte Y'Y contains Green index. They can have the values: Blue index
from the range 0 — 30, the Green index the same value as Blue or 31. The value OxFF means that they are not

defined.

3.2.2.8.5 Parameter values

3.2.2.8.,5.1 Operational ranges

Although the values of generator parameters contained in command HL_SET_ BIAS can be within the range
from 0x000 up to OXFFF (12 bits), some of these values are not valid. LCU checks the parameter in every
command and compares it with proper range from Red table in Diagnostic mode or Blue table in Normal
mode. When the parameter is out of the range, it takes no action ( the command is not executed ) and error
status (HL_RD_ERROR) is set. The implemented ranges for Red table and generators used for stages M1,
M2 and M3 are shown in the tables above.

Band M1 [V] M2 [V] M3 [V]

la (-5.0; +16.0) (7) (-2.5; +10.0) (8) X

1b (-5.0; +16.0) (7) (-2.5; +10.0) (8) X

2a (-5.0; +16.0) (7) (-16.0; +5.0) (1) (-5.0; +1.7) (4)
2b (-5.0; +16.0) (7) (-16.0; +5.0) (1) (-5.0; +1.7) (4)
3a (-5.0; +16.0) (7) (-16.0; +5.0) (1) (-5.0; +1.7) (4)
3b (-5.0; +16.0) (7) (-16.0; +5.0) (1) (-1.9; +5.0) (9)
4a (-5.0; +16.0) (7) (-16.0; +5.0) (1) X

4b (-5.0; +16.0) (7) (-16.0; +5.0) (1) X

5a (-16.0; +5.0) (1) (-10.0; +3.3) (3) X

5b (-16.0; +5.0) (1) (-10.0; +3.3) (3) X

6La | (-16.0; +5.0) (1) (-10.0; +3.3) (3) (-5.0; +1.7) (4)
6Lb | (-16.0; +5.0) (1) (-16.0; +5.0) (2) X

6Ha | (-16.0; +5.0) (1) (-16.0; +5.0) (2) X

6Hb | (-16.0; +5.0) (1) (-16.0; +5.0) (2) X

Table 3.2-28 Limit values for multiplier generators accepted in LCU

The ranges for gate and drain generators are following:

gates

(-4.0V; +2.0V)

drains

(0.0 V; +3.4 V)

Table 3.2-29 Limit values for gate and drain generators accepted in LCU
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3.2.2.8.5.2 Parameter values for bands and biases

Parameter X for LO band can have the following values:

X (in hex)

Band

la

1b

2a

2b

3a

3b

4a

4b

5a

5b

6La

6Lb

O0|m|>loloNogNwiN e

6Ha

6Hb

Parameter X for defining the bias generator can have the following values:

S (in hex)

Bias generator

0

PL

M1

M2

M3

Gl

G2

D1

N[OOI~ WIN|F-

D2

Parameter calculation

All parameter conversion data is presented in document SRC/LCU/LI/2003-049 “FHLCU Commands and

Housekeeping Database”.

Raw parameters ZZZ for setting drain biases consist of 2 parts: drain voltage and current limit:

11 — 2 bits

1 -0 bits
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| Drain_voltage | CURLIM |

Current limit CURLIM
1.22 A 3
13A 1
14 A 2
15A 0

Table 3.2-30, CURLIM values for drain generators for different current limit

3.2.2.8.56.3 Housekeeping data calculation

Important:

General rule applied to all housekeeping engineering values read from LCU (voltages, currents,
temperatures) and measured on request is:

16-bit word is valid for expected measured engineering value if data is from the range 0000H — 7FFFH
(MSB is set to 0).

Otherwise if the readout was not done, the reason is coded in the data:

0x8000 — error hsk request code,

0x8100 — microcontroller was busy and could not do the ADC measurements (for example when Tuning
Macro or HL_SWITCH_ON command is executed then it is useless to send hsk request for voltages or
currents),

0x8200 — no band was switched on.

The housekeeping data of engineering values which is stored in the memory (for example the set of
housekeeping measurements done during Tuning Macro) is permanently available for reading (until new
housekeeping data overwrites the previous set).

All conversion tables for analogue housekeeping data are presented in document SRC/LCU/LI1/2003-049
“FHLCU Commands and Housekeeping Database”.

3.2.3 Wide Band Spectrometer

e The data co-adding (integration) in the WEH/V is initialized by the instrument computer (ICU) with
a START integration command. The start command determines the beginning of integration with a
negligible time uncertainty of about 4 ps. This command synchronizes the internal CCD 10 ms
frame time. The ICU takes care of the dead time between a switch command for the chopper and the
start integration command for the WBS. Also, when switching to load, zero, comb, or sky, some
programmable dead time must be implemented before starting the integration. A STOP integration
command interrupts the integration after the readout and co-adding of the current 10 ms frame is
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finished. After the start of a new CCD readout frame, at this point the last readout is definitively
finished, the ICU can initiate the DATA TRANSFER from the previous integration per command.

The frequency calibration of the WBS subsystem is done by switching off the signal (ZERO ON)
and switching on the comb-generator (COMB ON) .

In order to operate the WBS always in the optimum region the IF power level has to be adjusted with
variable attenuators for different mixer and LO settings controlled by the instrument computer
(ICV).

It is TBD if the WBS should be initialize by a RESET command in front of a calibration or a new
observation.

Both lasers 1 as well as 2 are switched off in the standby mode I (lasers off). One of the lasers is
switched on in standby mode Il (lasers on).

HIFI shal go to standby | whenever HIFI is not to be the primary instrument in the next two
Operational Days (OD). It will be switched to standby Il one OD before HIFI becomes primary
again. If there shall be only one OD between two primary periods, HIFI will remain in standby 1.
Laser 2 is only implemented for redundancy reason to keep the WBS operating if a failure in Laser 1
occurs.

The HEATER command controls a heater in the WOH/V. As long as the temperature of the WOH/V
is above 5 °C the heater is not in operation. If the baseplate temperature is lower, the optimum heater
setting will be determined to raise the WOH/V temperature above 5 °C. It is assumed that in case of
operation the heater setting will be fixed and not varied for long periods.

The LATCHUP command controls the latchup protection circuit. The protection can be switched on
and off. In addition two different current levels (low/high) are adjustable to handle current increase
of the WOH/V caused by lifetime effects. This allows the protection circuit to be very sensitive.
After a latchup event the WBS is switched off and switched on with latchup protection ON and
current limit HIGH. Each latchup will be indicated with a special latchup bit in the housekeeping
data.

The implementation of a CCD heater to repair radiation effects in the CCD is TBD.

List of commands to operate the WBS subsystem:

Command Action
Start integration Starts a new integration in the active bank.
Stop integration Co- adding of the pixel data stops with the end of the current 10 msec

frame, and the active bank switches to inactive.

Data transfer Transfers data from the inactive bank. The transfer time for the 8192 pixels

Reset

and the housekeeping data is ~ 0.9 sec.

Stops a running integration, resets banks and switch ZERO OFF & COMB
OFF.
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Zero on/off Controls the ZERO-switch inside the WEH/V IF unit.
(1 bit data)
Comb on/off Controls the COMB-switch inside the WEH/V IF unit.
(1 bit data)
Attenuator Determines the attenuator setting inside the WEH/V IF unit to optimize the
(3 bit address, 4 bit data) input power level for the WOH/V.
Laser 1 on/off Controls the main laser inside the WOH/V.
(1 bit data)
Laser 2 on/off Controls the redundant laser inside the WOH/V.
(1 bit data)
Heater Determines the setting of the heater for the WOH/V temperature control.
(3 bit data)
Latchup Controls the Latchup protection setting of the WEH/V (ON or OFF).
(2 bit data) Two different current limits are implemented.
CCD Repair on/off Controls the CCD heater
(1 bit data)

Table 3.2-31, : Command list to operate the WBS

3.2.4 High Resolution spectrometer

The HRS has 4 modes of operation:
Wide Band Mode
Low Resolution Mode
Medium Resolution Mode
High Resolution Mode

3.2.4.1 Wide Band Mode

In the wide band mode the 4080 correlation channels of the ACS are used to analyze the 8 input signals. As
the input signals are adjacent two by two, 4 sub-bands of 500 MHz can be analyzed in this mode. The four
sub-bands can independently be placed anywhere in the 4-8 GHz range. It is possible to analyze the whole
4 GHz input bandwidth by selecting the same polarization in the two HRS units and by setting the LOs to
have adjacent sub-bands.

In this mode, with a Hanning windowing of the correlation function, the spectral resolution is 1078 kHz. The
total band-width per HRS unit is 2 GHz.

In each correlator ASIC one channel is dedicated to compute the analogue signal offset.
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Figure 3.2-18, Wide band mode

3.2.4.2 Low Resolution Mode

In the low resolution mode the 4080 correlation channels are used to analyze 4 of the 8 input signals of
250 MHz band width each. The four sub-bands can independently be placed anywhere in the 4-8 GHz range.

In this mode, with a Hanning windowing of the correlation function, the spectral resolution is 540 kHz. The

total band-width per HRS unit is 1 GHz.

In each correlator ASIC one channel is dedicated to compute the analogue signal offset.
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Figure 3.2-19, Low Resolution Mode

3.2.4.3 Medium Resolution Mode

In the medium resolution mode the 4080 correlation channels are used to analyze 2 of the 8 input signals of
250 MHz band width each. The two sub-bands can independently be placed anywhere in the 4-8 GHz range.

In this mode, with a Hanning windowing of the correlation function, the spectral resolution is 270 kHz. The
total band-width per HRS unit is 500 MHz.

In each correlator ASIC one channel is dedicated to compute the analogue signal offset.
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Figure 3.2-20, Medium Resolution mode

3.24.4 High Resolution Mode

In the high resolution mode the 4080 correlation channels are used to analyze 1 of the 8 input signals of

250 MHz band width each. The sub-band can be placed anywhere in the 4-8 GHz range.

In this mode, with a Hanning windowing of the correlation function, the spectral resolution is 135 kHz. The

total band-width per HRS unit is 250 MHz.

In each correlator ASIC one channel is dedicated to compute the analogue signal offset.
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Figure 3.2-21, High resolution mode

3.2.5 Instument Control Unit

In this section all services implemented onboard are presented, with an indication of the results expected when the

execution of the service is commanded.

The services are commanded by using TC packets, whose overall structure is defined in RD-15.

3.25.1 Service Type 1: Telecommand verification

A telecommand sent to ICU by the CDMS shall be ingested as soon as its presence on the ICU-spacecraft interface is
signalled by the satellite Bus Controller. This implies that the procedure for the acceptance of the TC is immediately
executed, and, if the verification of its correctness is successfull, any presently running activity onboard due to the

execution of previous TCs is aborted to allow the execution of the new TC.

The TC acceptance reports are delivered within 500msec from the TC ingestion.
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3.25.1.1 TC acceptance

Each time the ICU receives a TC packet from the S/C, a check procedure is started to test the consistency of the packet
with the ESA standard, as described in RD-20.

A TM report (1,1) if the packet is accepted, or a TM report (1, 2) if an error is found, is generated.

In both cases, and in general for all the TM packets of this service, the first two words of the application data field are
copied from the first two words of the TC packet header. Refer to RD-16. for the definition of the structure of all the
TM verification reports.

In case a TM report (1,2) is prepared, a failure code is reported in the packet data field. A list of all possible failure
codes is given in table 3.2-32 along with the other parameters included in the report.

The Successfull Acceptance TM report (1,1) is issued only if the received TC packet has the acknowledge acceptance
bit set to 1 (see RD-9).

The Acceptance failure TM report (1,2) is always generated in case of errors during the TC acceptance.

Both TM services can be disabled with Service 14 (see Section 4.7).

$ep0rt OBS Mnemonic Short Code lelmber Report Notes

ype ; 0

Subtype Mnemonic params. parameters

1,2 NOK_CMDSEQ_ILLEGAL_APID | ILL_APID 0x0000 1 APID List of HIFI APIDS in
sect.

1,2 NOK_CMDSEQ_ INV_LEN 0x0001 1 Packet length Length=(number of

INVALID_LENGHT bytes in Application

Data field -1)

1,2 NOK_CMDSEQ _ INV_CRC 0x0002 1 Received CRC CRC algorithm

INVALID_CRC described in
1,2 NOK_CMDSEQ_ ILL_TYPE 0x0003 1 Received
ILLEGAL_PACKET _TYPE Type,subtype
1,2 NOK_CMDSEQ _ ILL_SUBTY | 0x0004 1 Received
ILLEGAL_PACKET_TYPE Type,subtype
1.2 NOK_CMDSEQ ILL_APP_ D |0x0005 | 1 Received Service (8,4): Perform
ILLEGAL_APPLICATION_DATA | ATA FID,AID activity of a function

Wrong Function ID
Wrong activity ID

1,2 NOK_CMDSEQ_OBSOLETE_AID | ILL_AID 0x0010 0 An Obsolete AID has
been received

Table 3.2-32, Failure codes provided in case of unsuccessfull acceptance

3.25.1.2 TC execution

Telecommand execution completed

This TM report (type,subtype 1,7) is generated only if the received TC packet has the acknowledge execution bit set to
1 (see RD-9). The report is delivered after the ingested TC has been succesfully executed onboard.

The content of the report has the same structure of the TC acceptance report (refer to RD-16) and its generation can be
disabled (see Service 14).

Being related to the actual execution of the TC, this report is generated with a TC dependent delay time with respect to
the TC ingestion.

The modality of the TC execution completed report generation will be described in detail in the various TC sections.
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Telecommand execution failure

This TM report (type,subtype 1,8) is used to signal that the execution of a TC failed. It can be disabled (see
Service 14). There are several sources of execution failures. For each one of the TC described in this
document, the possible execution filure codes will be listed, along with the parameters included in the
reports.

3.2.5.2 Service Type 3: Housekeeping Data Reporting

The OBS only generates HK packets of type 3 and subtype 25: TM (3,25).
The HK packet definition is stored in tables in the OBS contained in the file conf_tab.c.

APIDN | APID HK Packet SID Packet
R hex dec
1024 1025 0x0001 1 Essential HK Packet
1026 1027 0x0404 1028 Nominal HK Packet. A subset of the parameters contained in this
packet will be used for monitoring.
1026 1027 0x0011 17 Non-periodic FCU
1026 1027 0x0012 18 HIFI LCU_safetyTables
1026 1027 0x0013 19 HIFI LCU RAM HK
1026 1027 0x0014 20 HIFI_LCU_macro_buffers
1026 1027 0x0019 25 HIFI HRS H_IF POWER_phasel
1026 1027 0x001A 26 HIFI HRS H_IF POWER_phase2
1026 1027 0x001B 27 HIFI_ HRS V_IF_ POWER_phasel
1026 1027 0x001C 28 HIFI_HRS V_IF_ POWER_phase2
1026 1027 0x001D 29 HIFI_ WBS_H_IF POWER_phasel
1026 1027 0x001E 30 HIFI_ WBS_H_IF POWER_phase2
1026 1027 0x001F 31 HIFI_ WBS_V_IF POWER_phasel
1026 1027 0x0020 32 HIFI_ WBS V_IF_ POWER phase2

Table 3.2-33 List of allowed HK packets

The allowed HK packets can be generated contemporaneously:

o the Essential HK and the periodic HK are generated periodically with a commandable acquisition frequency.

e The non-periodic HK packets are generated upon command reception.

e The IF power HK packets are generated during the measurements, one packet per each spectrometer

packetisation.

The OBS does not perform any check on the ICU workload implied by the HK parameters collection.
In particular, it should be remembered that the minimum time to issue a HK parameter request to the Low speed
subsystems and receive the corresponding parameter is 3 milliseconds. This constraint, coupled with the fact that each
HK request in case of LCU implies the sending of a preceeding prepare command, means that, given the total number
of periodic HK to include in the packet, the minimum acquisition frequency is 1 sec.

Note: Due to a bug in the VIRTUOSO compiler, the first time a task under execution enters a Task Sleep after the task
resume, the sleep time is shorter with respect to the commanded one. A statistical investigation of this problems, made
with the SRON subsystem simulator showed that the decreasing is, on average, of 500microsec, but can reach peaks of
800microsec. This is the reason why, instead of polling HK every 2 msec (which should be sufficient for the LCU HW),
the HK requests are issued every 3msec.
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3.2.5.2.1 Periodic HK acquisition

3.25.2.1.1 Set HK rate

The nominal/default periodic HK acquisition frequency “AT START-UP” is 1 packet/3 seconds.

The periodic HK acquisition frequency is commanded by using the HIFI_Housekeeping_on TC. The allowed rates are
reported below, together with the corresponding value of the parameter HIF_HK rate, to be set in the TC:

periodic acquisition rate HIF HK rate value
1 pkt per_ s

1 pkt per 5 s
1 pkt per 10 s
1 pkt per 3 s
1 pkt per 4 s

AW [ON

The change in the acquisition frequency is implemented by reprogramming the VIRTUOSO low resolution timer
onboard.

As soon as the TC is ingested, an abort measurement procedure is started to stop any running measurement onboard.
Then the timer used to trigger the HK ask (see RD-9, section 3) task is restarted, with a period equal to the new
requested frequency. This implies that the time interval between two successive nominal HK packets can never be
shorter than the acquisition interval.

The first HK packet will be issued after a time interval from the reception of the TC acceptance report corresponding to
the new selected rate.
The TC execution completion report is issued after the LowResolution Timer restart.

In case of a HIF_HK _rate parameter >4, a TC execution failure report with code 0x404 is issued. See section 3.2.5.2.6
for a description of the error.

3.2.5.2.1.2 Stop periodic HK acquisition

The HK acquisition can be stopped by sending the HIFI_Housekeeping_off TC.

The command is executed by disabling the HK acquisition onboard, which means that the HK ask task is still in
execution, triggered at the current HK acquisition frequency by the VIRTUOSO low resolution timer, but no operations
at all are done by the task.

It could happen that the last triggered HK request is still under processing onboard and that therefore one HK packet
can be delivered even after the HK acquisition has been stopped. The reception of one only HK packet after the
reception of the TC acceptance and TC execution reports shall not be cponsidered as an error.

The TC execution completion report is issued immediately after the TC acceptance report.
No TC execution failure reports are foreseen.

3.2.5.2.1.3 Periodic HK packets

Refer to RD-17, section 3.1 for the packet content description.
Refer to

Table 3.2-33 this document for the packets APID and SID.
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3.2.5.2.2 Non-periodic HK Acquisition

3.25.2.2.1 FCU non periodic HK request

The non periodic HK acquisition from FCU is commanded by using the HIFI_non_periodic_hk_ FCU TC: Function
Management Service - Perform activity of a Function: Type 8, substype 4, FID 3, AID 2.

Refer to RD-15 section 4.3.3.2

The TC is executed by the LS _HDL task (see RD-9, section 3).

If only the nominal HK acquisition activity is running onboard, the command execution is started immediately, and the
execution is completed within 200msec from the TC ingestion, with the generation of the Non periodic HK report.

If the FCU_non_periodic_HK request is ingested before the previous TC execution onboard has been completed, the
previous TC execution is aborted. This implies an additional interval of 1100msec to be added to the TC duration, to
account for the abort procedure duration.

The TC execution report is issued immediately after the generation onboard of the Non periodic HK report.

The following sources of failures are identified in the procedure execution:

1) FCU subsystem is switched off: the TC execution is not started and a TC execution failure report is issued
immediately.

2) A problem occurred in enqueuing the HK request in the LS high priority queue (see RD-9, section 3): a TC execution
failure is issued and the TC execution is stopped.

Refer to table 3.2-35 for the errors description.

3.2.5.2.2.2 FCU Non Periodic HK packets

Refer to RD-17, section 3.2, 3.3 for the definition of the contents of the FCU non periodic HK reports.
Refer to
Table 3.2-33 this document for the packets APID and SID.

3.25.2.2.3 LCU non periodic HK request

The non periodic HK acquisition from LCU is commanded by using the HIFI_non_periodic_hk LCU TC: Function
Management Service: Perform activity of a Function: Type 8, substype 4, FID 3, AID 3 (Refer to RD-15 section
4333) .

Refer to RD-28, section 1.2.1 for a description of the TC and of the HK report.

Refer to RD-28, section 1.2 for a description of the procedure.

The TC is executed by the LS _HDL task (see RD-9, section 3).

The TC execution report is issued immediately after the generation onboard of the Non periodic HK report.

The LCU non periodic HK activity implies the sending out of 55 couples of LS commands and hk requests.

Each one of this LS transactions lasts for at least 3msec, which means that the duration of this part of the activity is at
least 330msec.

Therefore, a conservative estimation of the duration of the overall procedure is 400msec (which is a little bit longer than
the average time between the reception times of the TC acceptance report and the NP HK packet).

If anew TC is received before this time, the presently running acquisition is aborted and the new TC is processed.

A TC execution failure is issued in case of problems enqueuing the HK request in the LS high priority queue (see RD-9,
section 3). Refer to
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for the error description.

The following consistency checks are performed onboard on the TC parameters:

1) “Band nx” shall be >=1 and <= 14

2) “Freq Nx” shall be >=0 and <=31
A TC execution failure is issued in case of problems detected in these consistency checks.
An error report is generated in case of problems in enqueuing the HL_RD_GET_TAB HK requests to the LS task. In
this case the procedure is not stopped, and the final report will contain an empty parameter corresponding to the missing
HK request.
A TC execution failure is issued in case of problems in enqueuing the HL_LD_INDEX_TAB command to the LS task:
in this case the procedure is stopped and the final report will not be issued.

Refer to
for the error description.

3.25.2.2.4 LCU Non Periodic HK packets

Refer to RD-17, section 3.3.1 for the definition of the contents of the LCU non periodic HK reports (LCU safety Table
dump).
Refer to

Table 3.2-33 this document for the packets APID and SID.

3.25.2.25 LCU memory read

The purpose of this command is to read a certain part of the LCU-RAM and to get the result in the HK-stream.

The activity is commanded by using the HIFI_LCU_memory read TC: Function Management Service: Perform
activity of a Function: Type 8, substype 4, FID 3, AID 4 (Refer to RD-15 section 4.3.3.4) .

Theactivity has been described in a dedicated SCR (SCR 721) .

The final agreement on the procedure is reported below:

At the reception of the TC the OBS shall:

1) issue a set page command to LCU (LScmd), built up using the 8 less significat bits of the start page field:
yy = start page & 0x00ff
LScmd=0xF30ACCyy

2) issue N HK request to LCU (Hkreq), built up using the 8 less significat bits of the start address field:
yy = (start address+2i) & 0x00ff
HKreq=0xB3yyFFFF

where i ranges from 0 up to N (the commanded HIF_LCU_memlen parameter)

A proper dump stays always at one page.

3) wait for the HK to be provided by LCU and prepare a non periodicHK report (type 3, subtype 2) with a SID equal to
the commanded one (see TC structure in RD-15 section 4.3.3.4).

The TC is rejected if (start_add + 2*N+1)) > OxFFFF

In OBS 4.3 and following, the above specification has been implemented.
Refer to tables 7.8 and 7.9 for the failure reports generated during the execution of the TC.

The TC is executed by the LS _HDL task (see RD-9, section 3).
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The TC execution report is issued immediately after the generation onboard of the LCU_dump HK report.

The LCU non periodic HK activity implies the sending out of 55 couples of LS commands and hk requests.

Each one of this LS transactions lasts for at least 3msec, which means that the duration of this part of the activity is at
least 330msec.

Therefore, a conservative estimation of the duration of the overall procedure is 400msec (which is a little bit longer than
the average time between the reception times of the TC acceptance report and the NP HK packet).

If anew TC is received before this time, the presently running acquisition is aborted and the new TC is processed.

A TC execution failure is issued in case of problems enqueuing the HK request in the LS high priority queue (see RD-9,
section 3). Refer to
for the error description.

The TC is rejected if (start_add + 2*(Num_words+1)) > OxFFFF

3.25.2.3 IF-power HK packets

All spectroscopy measurements onboard provide in output an IF power HK packet per each packetisation per each
polarisation per each accumulation buffer. Refer to RD-17, section 3.5 for a description of the contents of the HRS and
WBS IF-power HK reports.

Refer to

Table 3.2-33 this document for the packets APID and SID.

The IF-power HK packet is always downloaded before the corresponding science data.

HRS:
In case of HRS data the IF power of each chip is calculated as follows
IF=(2*CO0-duration)/(duration)
Duration is the second word of each chip, CO is the fourth word of each chip. The duration is the total duration of all
integrations.
In the Ifpower HK packet all 16 chips Ifpowers are provided.
For each chip the value reported in the packet is equal to IF*2°16 (the scaling factor allows to fully exploit a 16 bits
range).

WABS:

In case of WBS data, for each one of the four CCDs of each spectrometer the IF power is the avaraged value of the
selected pixels, normalized by the scan counter and multiplied by 26, in order to fully exploit a 16 bits range.
IERMINE: Per each WBS chip, to obtain the IfPower it is necessary first to add all data contained in the selected
range, and then to divide by the number of data. No check onboard is done on the possibility that the result of the sum is
greater than the maximum allowed for a 32bit number. In this case it will be no possible on ground to recover the actual
Ifpower value. It is suggested, in case of expected large signals, to command a data right shift, which will be applied
before the Ifpower calculation.

Both TM reports can be disabled with Service 14 (see Section 4.7).

3.25.2.4 Essential HK packets

The OBS generates the Essential HK packets at the same frequency of the periodic HK. The Essential HK can be
disabled with Service 14 (see Section 4.7). The APID of Essential HK packets is described in RD-17.
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3.2.5.25 Diagnostic HK packets

Starting from OBS version 4.3, due to the request in SCR 929, the type/subtype of diagnostic science packets (i.e. scans
and tune reports) has been changed to the type/subtype of HK packets (3,25). Refer to section 3.2.5.9.1 for a complete
list of the diagnostic packets produced onboard.

3.25.2.6 HK acquisition errors

Report

Type
Subt

EV
type

OBS Mnemonic

Short Mnemonic

Code

PAR

Notes

54

0xA00Q

ERR_LS_FIFOPUT_LP_QUEUE

LS_LP_QUEUE

0x502

FIFO put on LS low
priority queue failed.

54

0xA00Q

ERR_LS_FIFOPUT_HP_QUEUE

LS_HP_QUEUE

0x503

FIFO put on LS high
priority queue failed.

54

0xA000

ERR_HK_ASK_FIFOPUT_HK_TM_QUEUE

HK_TM_QUEUE_0

0x400

OBS runtime error:
FIFO put on HK TM
queue failed

54

0xA000

ERR_HK_ASK_GET BLOCK_HKPOOL_FULL

HKASK_PUT_HKTMQ

0x402

No Blocks avilable
on Hk Pool.

54

0xA000

ERR_HK_ASK_SWERR

HKASK_SWERR

0x403

1,0

Error in the
parameters to execute
limit checking

54

0xA000

ERR_HK_ASK_PKT_NO

HKASK_PKTNO

0x405

1 (pkt
numbe

N

Error in the number
of generated
nom./ess. HK packets

54

0xA00Q

ERR_HK_ASK_INTERNAL_ERROR

HKASK_ERROR

0x40A

Error in the table used
to poll FCU/LCU HK

54

0xA000

ERR_HK_ASK_FIFOPUT_LS_HP_QUEUE

LS_HP_QUEUE_ERR

0x40E

OBS runtime error:
FIFO put on LS high
priority queue failed

54

0xA000

ERR_HK_ASK_LS_HRS_REQUEST

HKASK_ERROR

0x40C

FIFO put on LS HP
queue failed for HRS
data transfer cmd.

1,8

EXF_HK_ASK_FIFOPUT_HK_TM_QUEUE

HK_TM_QUEUE_1

0x401

Execution failure:
FIFO put on HK TM
queue failed

1,8

EXF_HK_ASK_HK_RATE_INDEX_OOL

HKPOOL_FULL

0x404

Exec. Failure:
Requested rate not
available.

The parameter is the
wrong index
requested

1,8

EXF_HK_ASK_SINGLE_HK_LCU_INVALID_D
ATA

HKASK_LCUSHK

0x0406

Exec. Failure:
Consistency check of
parameters in
LCU_single HK
request failed

1,8

EXF_HK_ASK_ERROR_LS_HP_QUEUE

HKASK_LSHPQUEUE

0x407

Execution failure:
FIFO put on LS HP
queue failed

1,8

EXF_HK_ASK_LCU_OFF

HKASK_LCUOFF

0x408

Execution failure:
LCU is Off

1,8

EXF_HK_ASK_FCU_OFF

HKASK_FCUOFF

0x409

Execution failure:
LCU is Off

1,8

EXF_HK_ASK_MEM_HK_LCU_INVALID_DA
TA

HKASK_LCUMEM

0x40b

Execution failure:
commanded mem
dump parameters out
of limits
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Table 3.2-34 Errors generated in the hk_ask task

3.2.5.3 Service Type 5: Event Reporting

Upon detection of errors/failures onboard the event reporting service guarantees the provision of an event to signal the
occurrence of the detected anomaly.

3.2.5.3.1 Boot Software Errors

The following exception/alarm reports can be generated by the boot software during the ICU start-up procedure. They
are described in RD3. The table will be updated with the ICU FM delivery.

Event APID | type subtype | Event ID
HIFI_ready_event 1025 5 2 0x8008
HIFI_PM_test_event 1024 5 4 0x8001
HIFI_Data_memory_event 1024 5 4 0x8002
HIFI_EEPROM_memory_event 1024 5 4 0x8003
HIFI_TC_verification_event 1024 5 4 0x8004
HIFI_Load_EEPROM_PM_event 1024 5 4 0x8005
HIFI_Load_DM_PM_event 1024 5 4 0x8006
HIFI1_boot_ DM_PM_event 1024 5 4 0x8007

3.2.5.3.2 OBS Runtime Errors

Table 3.2-35 - Boot Software events

Upon verification onboard of runtime errors, the OBS generates only event reports (type 5, subtype 4), with the
structure defined reportd in the following table. For OBS RUNTIME ERRORS the Event ID is fixed 0xA000.

Start Start Length Monitor Parameter value
Byte bit
16 16 Event ID 0xA000
18 16 Structure 1D 0
20 32 Observation 1D
24 32 Building block
1D
28 16 Alarm counter
30 16 Error Code See table 3.2-53
32 Parameters the parameter field is structured as follows:

- 1st parameter (16 bits) = Number N of
following parameters

- N parameters (N*16 bits) = parameters relevant to
the event interpretation

Table 3.2-36 Structure of Alarm Reports
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The list of all the possible error codes of the OBS runtime errors is provided in table 3.2-53

Whenever one of the listed runtime errors can be generated only during the execution of one specific service, the details
on the generation of the event are described in the section pertaining to the service.

In table 3.2-53 the following error severity classification has been adopted:

1- NOTIFICATION (used to add info about a non nominal situation detected onboard, no action are taken onboard
following this error detection)

2 - WARNING about the detection of an error that can have consequences in the espected results of the commanded
activity.

3- ALARM: error for which an action is taken onboard to interrupt the presently running activity (e.g. abort
measurement).

3.25.4 Service Type 6: Memory Management

This service allows to load, dump and check the onboard memory. These functionalities are commanded by the
following TCs described in RD-15 sect 4.1:

HIFI_load_PRAM
HIFI_load_DRAM
HIFI_load_LCU
HIFI_dump_memory
HIFI_check_memory

agrwdE

In the packet data field, after the 4 bytes of the data field header, a common structure containing the parameters
necessary to identify the memory area that is the object of the memory operation is adopted.
Specifically the following fields are used to identify the area and are common to all memory management TCs:

Position (byte) Lenght (bit) Name Meaning

10 8 Mem_id ID of the memory segment

11 24 Mem_start Initial address of memory area
14 16 Mem_len Length of the memory area

The Mem_ID identifies the type of memory where the memory operation has to be carried out and can have the
following values:

Block MemlID | Physical starting | Physical ending Max. Length
address address (SAU)

PM (PRAM) 0x00 0x0 O0x7FFFF 0x80000

DM (RAM) 0x01 0x0 O0x7FFFF 0x80000

DM(1553 DRAM) 0x02 0x8F000000 0x8F003FFF 0x4000

DM (EEPROM) 0x03 0x80000000 0x8003FFFF 0x40000

LCU 0x04 0x0 OxFFFF 0x1000

The Mem_start and the Mem_len parameters specify the start address and the length of the memory area involved in the

Table 3.2-37 - OBS Memory organisation

memory operation. These parameters are always expressed in SAU (smallest addressable units).

This unit corresponds to 6 bytes (PRAM), 4 bytes (DRAM) or 2 bytes (LCU). Since the packet is organized in 16 bits

words, the following table is applicable
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memory type Mem ID TC words bytes
PM 0 3 6
DM 1 2 4
1553 DM 2 2 4
EEPROM DM 3 2 4
LCU 4 1 2

Table 3.2-38 — SAU composition

The Mem_start and the Mem_len parameters have limits that depend on the actual size of the physical memory:

1. Forthe OBS Mem_dump and Mem_check any command that exceeds the limits reported in

2. Table 3.2-37 would generate an execution failure and one or more runtime errors (see table 3.2-53 and table 3.2-
54 for a detailed description of the errors);

3. Forthe LCU Mem_dump the maximum dumpable area is limited by the constraints that the whole dump should fit
into a single TM packet, the maximum dumpable length is teherfore 499 (see table 3.2-53 for a detailed
description of the errors); this constraint does not hold for the other dumps;

4. For the memory load the limit on the length is essentially imposed by the requirement that the words to be loaded
fit in the same TC. Multiple Load commands are needed in order to load long parts of memory.

Not all the memory operations can be carried out on all the memory areas. The following table details what are the
allowable operations for each ID:

Memory ID Load Dump Check
PM 0 partially yes yes
DM 1 yes yes yes
1553 DM 2 no yes yes
EEPROM 3 no yes yes
LCU 4 yes yes no

The PROM content is not actually visible to the OBS. However after the ICU is switched on, the PROM SW is copied
in PM, where remains until ICU is switched off. The PM area reserved to the PROM mapping starts at the physical
address 0x0000 and ends at the physical address 0x3fff. This is the reason why in the previous table the PM is marked
as partially loadable: the area below 0x4000 cannot be loaded.

The execution time of the memory management TCs is variable. Assuming that the OBS is not carrying out any other
activity onboard:

- The load operations in PM and DM (Ids from 0 to 3) are executed immediately and the Execution Completion report
is issued within 500msec from the TC acceptance;

- The load operations on the LCU require 6 msec for each loaded word;

- The check operations are executed immediately and the check report is issued within 500msec from the TC
acceptance;

- The dump operations on PM and DM depend on the number of dumped words: if several TM packets are needed to
dump, a maximum rate of one TM packet every 300 msec is artificially enforced in order not to overflow the OBS
pools.

- The dump operation on the LCU requires require 3 msec for each dumped word plus 10 msec (this is a safe value) for
setting the LCU page.

All the possible sources of execution failures during the execution of the memory services are reported in Table 3.2-39.
All the possible sources of OBS runtime errors during the execution of the memory services are reported in Table
3.2-40.

EIFIFDOF Onboard mnemonic Short mnemonic Detected runtime error Parameters

0x1000 [EXF_MEM_INVALID MEMLENGTH |MEM_LEN The commanded length in SAU is 1: Length field
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inconsistent with the number of 16
bit words of the parameter.
0x1001 [EXF_MEM_INVALID_ADDRESS MEM_ADD This error is caused by a start 1: Address as
address greater than the end address | extracted from
reported in the TC
Table 3.2-37.
0x1002 [EXF_MEM_INVALID_MEMID MEM_ID The commanded memory ID is 1: Memory ID
referred to a not existing 1D as extracted
from the TC
0x1003 |[EXF_MEM_INVALID_CRC1 MEM_CRC1 Inconsistency between the OBS 1:The crc
computed checksum and the computed by
checksum containe in the TC. Both the OBS
Checksum are referred to the
memory data in the TC.
0x1004 [EXF_MEM_INVALID_CRC2 MEM_CRC2 Inconsistency between the OBS 1: The crc
computed checksum on the TC computed by
memory data after their copy on the the OBS
destination memory and the
checksum contained in the TC.
0x1007 [EXF_MEM_BOOT_OVERWRITE MEM_BOOT_OVRW | A PM start address shorter that TBW
0x4000 has been requested.
0x1008 [EXF_MEM_UNKNOWN_RET_CODE MEM_UKWN_RETC | Error in memory load. The TBW
procedure returned an unespected
value.
0x100a |EXF_MEM_EEPROM_WRITE_OVERF MEM_EEWRITE_OVF | Error during the EEPROM write TBW
LOW procedure (to copy in EEPROM the
full OBS image).
0x100b [EXF_MEM_EEPROM_COPY_FAILED |[MEM_EECOPY_FAIL | Error during the EEPROM write TBW
procedure (to copy in EEPROM the
full OBS image).
0x100c |[EXF_MEM_EEPROM_WRONG_PART |MEM_EE_PARTIT Error during the EEPROM write TBW
ITION procedure: wrong commanded
partition 1D
0x100d [EXF_MEM_EEPROM_WRONG_NUM |MEM_EE_BADNPAG | Error during the EEPROM write TBW
_BAD_PAGES procedure: wrong commanded
number of pages to avoid to copy on.
0x100e [EXF_MEM_HS HDL_QUEUE The command cannot be processed TBW
due to the overflow of the HS_hdl
queue.
0x100f | EXF_MEM_COPY_OBS MEM_COPY_OBS Failure in the execution of the Copy | TBW
OBS command.
0x1010 | EXF_MEM_CHECK_PM_CRC MEM_CK_PM_CRC The check PM command resulted in | TBW
a PM CRC different from expected,
indicating a possible damage in the
PM memory.
0x1011 | EXF_MEM_EEPROM_WRONG_BA |MEM_EE_BADPAGID | Error during the EEPROM write TBW
D_PAGE_ID procedure: one of the IDs of pages to
avoid to copy on is wrong
0x1012 | EXF_MEM_LCU_INVALID_DATA MEM_LCU_DATA Error in LCU mem Load TC TBW
parameters: total number of loadable
words exceeded.
0x1013 | EXF_MEM_LCU_OFF MEM_LCU_SSOFF Error in LCU mem Load/dump TC: TBW
LCU subsystem is OFF.
0x1014 | EXF_MEM_ERROR_LS_HP_QUEUE [MEM_LSHP_UEUE Error in LCU mem Load/dump TC: | TBW
failure in enqueuing a message to the
LS HP queue
Table 3.2-39 - Memory service Execution failure codes
ERROR Name Short Mnemonic |Error|Error condition Sever
Code ity
ERR_MEM_FIFOPUT_HK_TM_QUEUE | MEM_PUT_HKTMQ |0x1005FIFO put on HK TM queue failed in Memory 2

management task. Dump/check report lost.

ERR_MEM_DATA_OVFL

DATA_OVFL

0x1006

Failure in memory manager initialisation. The 2
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HIFI settings for the memory management service|
have not been loaded.

ERR_MEM_FIFOPUT_SD_PKT_QUEUE | SD_PKT_Q 0x1009|FIFO put on SD TM queue failed in simulate 2
science procedure. The simulated packet is lost.
ERR_MEM_INTERNAL MEM_internal 0x1016 ferror in generating memory dump report: a wrong| 2

RAM type has been detected.

Table 3.2-40 - OBS runtime error in memory service

3.254.1 HIFI_Load PRAM/DRAM

The Memory Load Telecommand has type 6, subtype 2.
Refer to RD-15, chapter 4, section 4.1.1 for a general template of the TC. In sections 4.1.1.2 and 4.1.1.3 the TC is
detailed for the two destination memories.

The ICU performs some checks on the application data; if one check is not passed, an unsuccsessful TC verification
packet is issued, with a failure code described in 3.2.5.1.1. All listed failures are applicable to this service.

If the whole chain of checks is OK, the ICU reports a TM (1,1) report.

During the execution of this TC no OBS runtime errors are foreseen.

The ICU assumes that the words are little endian: as an example, to upload the PRAM word 0x123456789ABC at
address 0x46789 in PRAM, the complete application data field, without the data field header and the packet checksum,
is:

Memory ID 0x0004

Start address 0x6789

Length 0x0001
Datum 0x1234
Datum 0x5678
Datum 0x9ABC
crc

To upload the word 0x12345678 in DRAM with start address 0x59876 the corresponding packet is:
Memory 1D 0x0105
Start address 0x9876

Length 0x0001
Datum 0x1234
Datum 0x5678
crc

The maximum dimension of the packet data field of a TC is 242 bytes, 4 of which are used for the data field header and
2 for the CRC; 8 bytes are used for the memory ID, start address, length and crc. Therefore the maximum length for a
memory load in DRAM is 57 words and for PRAM is 38.

If the TC is inserted in the mission timeline, its data field is reduced by 20 bytes, so that the maximum length is 52 or
34 words, for the two memory types.

3.25.42 HIFI_Load_LCU

Refer to RD-15, chapter 4, section 4.1.1 for a general template of the TC. In section 4.1.1.4 the TC is detailed for the
LCU destination memory.
See RD-28, section 1.1.2 for a specification of the LCU memory dump procedure.
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The correct interpretation of the TC parameters has been integrated with a dedicated SCR (SCR 915). The content of
the SCR is reported below:

The dump command specifies a start-page and a start-address. In the requirements of the dump-command the
use of this command is restricted for words on one page only.

The current implementation prevents the last word on a page to be dumped.

The request is to drop the page-restriction, and only prevent the address to run above OxFFFF:

10 8 Memory ID= 4
11 8 Spare

12 16 startAddress
14 16 Length

Reject if startAddress*256 + 2*(Length-1) > OxFFFF

Pseudo code:

yyyy= startAddress

for i=0 to Length -1

{
pp= (yyyy & OxFF00) >>8
LScmd(0xF30ACCpp)
qg= (yyyy & 0x00FF)
LShk(0xB3qq)

YYYy=yyyy+2

In OBS 4.3, the specification of SCR 915 has been implemented.
Refer to tables 7.8 and 7.9 for the failure reports generated during the execution of the TC.

3.25.4.3 HIFI_Dump_Memory

The memory Dump service has type 6, subtype 5. Refer to RD-15, section 4.1.2.
On reception of this command the OBS generates one or more memory dump packets (6,6). The structure of the TM
dump report is specified in RD-16, section 4.4.1.

The ICU performs some checks on the application data; if one check is not passed, an unsuccsessful TC verification
packet is issued, with a failure code described in 3.2.5.1.1. If the whole chain of checks is OK, the ICU reportsa TM
(1,1) report.

The application data field of a TM packet can contain up to 1018 bytes. The data field header plus the packet checksum
(CRC) need 12 bytes. Then we have the memory ID, the start address, the length and the checksum crc of the data, 8
bytes. In the end, the space left is 998 bytes: a single TM (6,6) packet can carry up to 166 or 249 words of PRAM or
DRAM, respectively.

In both cases the used bytes are 996. This implies that a single TC can require more than one TM packets.

The memory words are splitted in 16 bits words, in little endian mode.
If, for instance, the OBS is required to dump 508 words of DRAM, with starting address 0x4FE14, the following TM

(6,6) packets are delivered:

Content of the 1st packet
P#1 0x0104
P#2 OxFE14
P#3 0xO00F9 (the first 249 words)
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P#4 16 MSb of word at address Ox4FE14
P#5 16 LSb of word at address Ox4FE14
P#500 16 MSb of word at address Ox4FFFOC
P#501 16 LSb of word at address Ox4FFOC
P#502 crc of the first 249 dumped words

Content of the 2nd packet
P#1 0x0104
P#2 OxFFOD
P#3 0xO00F9 (the second set of 249 words)
P#4 16 MSb of word at address 0x4FFOD
P#5 16 LSb of word at address 0Ox4FFOD
P#500 16 MSb of word at address 0x50005
P#501 16 LSb of word at address 0x50005
P#502 crc of the second 249 dumped words

Content of the 3rd packet
P#1 0x0105
P#2 0x0006
P#3 0xO000A (the last 10 words to be downloaded)
P#4 16 MSb of word at address 0x50006
P#5 16 LSb of word at address 0x50006
P#22 16 MSb of word at address 0x5000F
P#23 16 LSb of word at address 0x5000F
P#24  crc of the last 10 dumped words

The TC execution completion report is issued after enqueuing of the last dump packet towards the TMTC task.
Therefore it is not possible to foresee the execution duration, which is a function of the size of the memory to dump.

Refer to Table 3.2-39 for the errors generated during the command execution.

3.25.4.4 HIFI_Check_Memory

The Memory Check TC has type 6, subtype 9. Refer to RD-15, section 4.1.3.

The ICU performs some checks on the application data; if one check is not passed, an unsuccsessful TC verification
packet is issued, with a failure code described in table 3.2-54. The liste failures applicable to this service are those
indicated with nums: 1,2,3,4.

If the whole chain of checks is OK, the ICU reports a TM (1,1) report.

On reception of this command the OBS calculates the checksum of the memory segment identified by the 3 TC fields:
Memory ID, Start Address and Length, and generates one memory check packet (6,10) containing the value of the
obtained checksum

The OBS performs some checks on the application data of the received memory dump TC: The check on the Length
field is performed against the maximum allowed length calculated on the base of thecommanded start address and the
maximum end address defined in the OBS architecture

If this maximum value is exceeded or if it is 0, an execution failure reporrt TM(1,8) with INVALID_MEMLENGTH
error code is generated.

If the whole chain of checks is OK, the OBS reports a TM (1,1) report.

The TC execution completion report is issued after enqueuing of the memory check packet (6,10) towards the TMTC
task.
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Refer to Table 3.2-39 for the errors generated during the command execution.

3.25.5 Service Type 8: Function Management

Functions are handled by Service 8 of RD-20.

HIFI uses only the services (8,4) to perform specific actions onboard or to send single commands to the subsystems and
service (8,2) to stop an action ongoing onboard.

All the other services (i.e. (8,1) and (8,5)) are not executed.

All acceptance checks listed in section 3.2.5.1.1 are applicable to this service (see table 3.2-32 for failure codes and

conditions).

The following table contains the list of activities executed onboard upon reception of a (8,4) TC.
The Function ID and activity ID is indicated. In the sixth column the section of the RD-15 document containing the
detailed specification of the TC structure in the various cases is reported.

Description [Type

Sub Func (Activ |RD-15 Action executed onboard
type | ID ID  [section

HIFI_Set OBS_ID 8 | 4 1 4.3.1 The Observation ID / Building Block ID is set, ready to
be reported in all the TM packets.

HIFI_notify_PDU_status 8 |4 2 4.3.2 The subsystems status word is updated, see table 3.2-55.
It will be monitored in the HK packets.

HIFI_Housekeeping_on 8 |4 3 1 4.3.3 The periodic HK acquisition frequency is modified

according to the commanded one. The HK acquisition is
stopped and restarted with the new frequency. If there is
a running measurement onboard, it is aborted before the
HK acquisition restarts.

HIFI_non_periodic_hk_FCU 8

4 3 2 A332 A non periodic HK report is generated containing a
subsmaple of FCU HK

HIFI_non_periodic_hk_LCU 8

4 3 3 p333 A non periodic HK report is generated containing a
subsmaple of LCU HK

HIFI_read_LCU_mem 8 |4 3 4 4.3.3.4 A dump of the commanded number of words from the
HIFI_LCU_macro_tuning_hk LCU onboard memory is executed and reported as a NP
HIFI_LCU macro_buffers HK packet.

HIFI_WH_LaserT_check_on 8 |4 4 1,2 B34.12 | WBS Laser T monitoring function activation

HIFI WV _LaserT check on

HIFI_ H DHTR_C check on |8 | 4 4 3,4 (3434 | Mixer deflux heater current monitoring function
HIFI vV _DHTR_C check on activation

HIFI_FCU_nonresp_check_on | 8

4 4 5 345 FCU HK response check function activation

HIFI_FCU_parameter_scan 8

4 7 1 #4.3.6.1 The procedure described in RD-18 section 3.8.7.1 is
performed, to execute a mixer parameter scan. Before
starting the procedure, if there is an onboard running
measurement, it is aborted and the FIFOs are reset. At the
end of the procedure, a parameter scan report is issued.
The overall duration of the procedure depends on the
number of commanded steps.

HIFI_scan_diplexer 8

4 7 2 #.3.6.2 The procedure described in RD-18 section 3.8.7.2 is
performed. Before starting the procedure, if there is an
onboard running measurement, it is aborted and the
FIFOs are reset. At the end of the procedure, a parameter
scan report is issued. The overall duration of the
procedure depends on the number of commanded steps.

HIFI_scan_diplexer_if 8

4 7 3 #4.3.6.3 The procedure described in RD-18 section 3.8.7.3 is
performed, to execute a diplexer scan with the acquisition
of the spectrometers IFpower at each step. Before starting
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the procedure, if there is an onboard running
measurement, it is aborted and the FIFOs are reset. At the
end of the procedure, a parameter scan report is issued.
The overall duration of the procedure depends on the
number of commanded steps.

HIFI_engineering_scan

7 4 4.3.6.4

The procedure described in SCR 413 is performed, to
execute a measure of the response times of certain FPU
components on timescales of < 1sec. Before starting the
procedure, if there is an onboard running measurement, it
is aborted and the FIFOs are reset. At the end of the
procedure, a scan report (more than 1 packet) is issued.
The overall duration of the procedure depends on the
number of commanded steps.

HIFI_load_vector_scan
(nominal and diagnostic)

8 1 4.3.7.1/2

The procedure described in RD-18 section 3.8.8 and in
RD-28, sect. 1.4 is performed, to load the configuration
for the LCU vector scan and LO tuning commands. The
overall duration of the procedure is less than 500msec

HIFI_vector_scan

8 2 4.3.7.3

The procedure described in RD-18 section 3.8.8.1 is
performed, to execute a scan of the LO-power-amplifier and
multiplier parameters simultaneously. Before starting the
procedure, if there is an onboard running measurement, it
is aborted and the FIFOs are reset. At the end of the
procedure, a vector scan report and a Function Status
reports are issued.

The overall duration of the procedure depends on the
number of commanded steps.

HIFI_Tune_LO_using_MXCH
HIFI_Tune_LO_using_MXCV

8 34 W3745

The procedure described in RD-18 section 3.8.8.2 is
performed, to tune the LO level, by executing a vector scan
and selecting the final LO configuration on the base of the
obtained mixer currents. Before starting the procedure, if
there is an onboard running measurement, it is aborted
and the FIFOs are reset. At the end of the procedure, a
vector scan report and a LO tuning reports are issued.

The overall duration of the procedure depends on the
number of commanded steps.

Tune HRS

9 1 4.3.8.1

The procedure described in RD-18 section 3.8.9.1 is
performed, to execute the HRS attenuators setting. Before
starting the procedure, if there is an onboard running
measurement, it isa aborted and the FIFOs are reset. The
procedure is in two steps. For each step a full HRS
science data packetisation is provided as well as a tune
report. The overall duration of the procedure is <=4 sec
starting from the TC acceptance..

Tune WBS

9 2 4.3.8.2

The procedure described in RD-18 section 3.8.9.2 is
performed, to execute the WBS attenuators setting.
Before starting the procedure, if there is an onboard
running measurement, it isa aborted and the FIFOs are
reset. The procedure is in three steps. For each step a full
WABS science data packetisation is provided. Two tune
reports are provided at the end of the last two procedure
steps. The overall duration of the procedure is <=10 sec
starting from the TC acceptance.

Tune Mixer magnet current
use HRS

9 3 4.3.8.3

The procedure described in Rd-18 section 3.8.9.3.1 is
performed, to execute the mixer magnet tuning, using
HRS data. Before starting the procedure, if there is an
onboard running measurement, it isa aborted and the
FIFOs are reset. At the end of the procedure a tune report
is issued. The overall duration of the procedure depends
on the number of commanded steps.

Tune Mixer magnet current
use WBS

9 4 4.3.8.4

The procedure described in RD-18 section 3.8.9.3.2 is
performed, to execute the mixer magnet tuning, using
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HRS data.

Before starting the procedure, if there is an onboard
running measurement, it is aborted and the FIFOs are
reset.

At the end of the procedure a tune report is issued.

Spectroscopy_total_power. 8

The overall duration of the
procedure depends on the
number of commanded steps.

4 11 1 4.3.11.2 | The procedure described in RD-18 section 3.8.11.3 is
performed, to execute a total power spectroscopy
measurement, using the measurement configuration
parameters already stored onboard.

Before starting the procedure, if there is an onboard
running measurement, it is aborted and the FIFOs are
reset.

The spectrometers commanding necessary to perform the
measurement is made by the onboard command
interpreter (i.e. VM).

During the measurement, depending on the configuration
parameters, several HRS and WBS packetisations can be

issued.
HIFI_Configure_spectroscopy | 8 | 4 11 16 p¥.3.11.1 | The commanded Total power spectroscopy measurement
configuration parameters are uploaded onboard.
HIFI_Configure_FCU 8 |4 12 1 4.35.1 The commanded FCU configuration parameters are sent

out to FCU through the LS I/F.

Before starting the commands sending, a Configure report
is provided containing the echo of the commanded
parameters, see Table 3.2-43.

HIFI_Configure_FCU_power | 8

4 12 11 4351

HIFI_Config HRS_H_att_ lo | 8

4 12 7 4.3.5.2 The commanded HRS-H attenuators settingsare sent out
to HRS through the LS I/F. The onboard table is reported
in

Before starting the commands sending, a Configure report
is provided containing the echo of the commanded
parameters, see Table 3.2-43.

HIFI_Config_HRS_H_blocks | 8

4 12 8 #4.3.5.2 The commanded HRS-H configuration parameters are
sent out to HRS-H through the LS I/F.

Before starting the commands sending, a Configure report
is provided containing the echo of the commanded
parameters, see Table 3.2-43.

HIFI_Config_HRS_V _att_lo 8 | 4 12 9 4.3.5.2 The commanded HRS-V attenuators settings sent out
toHRS through the LS I/F.
HIFI_Config_HRS_V _blocks | 8 | 4 12 10 p352 The commanded HRS-V configuration parameters sent

out to HRS-V through the LS I/F.

Before starting the commands sending, a Configure report
is provided containing the echo of the commanded
parameters, see Table 3.2-43.

HIFI_Configure_WBS_H 8

4 12 4 4.3.5.3 The commanded WBS-H configuration parameters are
sent out to WBS-H through the LS I/F.

Before starting the commands sending, a Configure report
is provided containing the echo of the commanded
parameters, see Table 3.2-43.

HIFI_Configure_ WBS_V 8

4 12 5 4.3.5.3 The commanded WBS-V configuration parameters are
sent out to WBS-V through the LS I/F.

Before starting the commands sending, a Configure report
is provided containing the echo of the commanded
parameters, see Table 3.2-43.

HIFI_Configure_LCU 8
(diagnostic and Nominal)

4 12 31 4354 | The commanded LCU configuration parameters sent out
30 | 4355 | to FCU through the LS I/F.

Before starting the commands sending, a Configure report
is provided containing the echo of the commanded
parameters, see Table 3.2-43.

HIFI_Conf_safe LCU 8

4 12 30 4356
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HIFI_Conf_LCU_table 8 |4 12 32 4358
HIFI_Conf_LCU _internal 8 |4 12 13 4357
HIFI_Conf_LSU 8 |4 12 |14 | 4359
HIFI_HL_switch_off 8 |4 12 12 435.10
HIFI_Single_Command: 8 |4 12 1 #.3.5.11 | The single command contained in the TC is forwarded to
the subsystems using the LS I/F. The command in
HIFI_CPR_Chopper_Rot 26 enqueued on the LS high priority queue, in order to be
HIFI_reset WBS_H 26 sent out with a higher priority with respect to the already
HIFI_reset WBS_V 26 enqueued periodic HK requests/prepare commands.
HIFI_HL_Standby 29 The single command is transmitted within 100msec from
HIFI_ HL_NORMAL 29 the TC acceptance.
HIFI_ HL_Reset 29
HIFI_HF_CH1 DHTR_C 27
HIFI_HF_CV1 DHTR_C 28
HIFI_HL_switchon 29
HIFI_HL_Diagnostic 29
HIFI_HL_LSU_power 29
HIFI_HL_LSU_subband 29
HIFI_HL_store_tm 29
HIFI_HL_set FSW1 29
HIFI_HL set FSW2 29
HIFI_HL_heater 29
HIFI_CPR_Chopper_Rot 26
HIFI_force_boot 8|4 11 (3 [4.3.16 | The OBS version present in EEPROM is
2 loaded in RAM and started.
HIFI_load_boot 8|4 11 (2 4.3.1 | The OBS version uploaded via TC is started
2 6
HIFI_EEPROM_Write 8|4 16 |2 4.3.1 | The running OBS is copied in EEPROM
6
HIFI_Reset 8 |4 4.3.1 | A DSP reset is performed.
6

Table 3.2-41- List of all activities implemented onboard

3.2.5.5.1 Perform activity — Set Observation ID (FID 1)

The activity is commanded with the TC described in RD-15, sect 4.3.1.
The TC acceptance report and the TC execution Report are generated within 500msec from the TC ingestion.
All Acceptance error codes reported in table 3.2-32 are applicable.

The OBS sets the Observation ID global variable to the commanded value. The Observation ID will remain the same
until a new HIFI_Set OBS_ID TC is sent with a different value.
The current Observation ID is reported in the periodic HK packet.

3.2.5.5.2 Perform activity — Notify PDU status (FID 2)

The activity is commanded with the TC described in RD-15, sect 4.3.2.
The TC acceptance report and the TC execution Report are generated within 500msec from the TC ingestion.
All Acceptance error codes reported in table 3.2-32 are applicable.
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The command is executed by changing the global variable onboard that maps the status of the six subsystems.
Other variables necessary to map the spectrometers status are updated as well.

For each spectrometer that was off and has now been switched on, the corresponding HW FIFO is reset.
No error generation is foreseen.

3.2.5.5.3 Perform activity — Limit checking (FID 4)

The activity is commanded with the TCs described in RD-15, sect 4.3.4.

The TC acceptance report is always generated within 500msec from the TC ingestion.

All Acceptance error codes reported in table 3.2-32 are applicable.

Refer to table 3.2-53 and table 3.2-54 for the error code of the OBS runtime errors and execution failure reports that
can be generated during the activity (sections related to task HK_ASK).

3.25.5.3.1 WABS laser temperature limit checking

The commanded activity is described in Rd-17 sect. 3.8.4.2.
For each spectrometer the Activity is commanded by two TCs:

1- HIFI_WH_Laser_T_check_on: to start the WBS HK data monitoring activity.
The HWH_laser_T parameter is checked against the commanded Upper limit. As soon as it exceeds this limit
for a number of times greater than the N-breach commanded parameter, the HWH laser 1 and 2 shall be
switched off and an event report shall be generated (see Table 3.2-42 for the Event IDs. The parameter content
of the generated events is described in Rd-16, sect. 4.3.3.6.7). The limit checking activity is then switched off.
The default limit is set at 30 °C.
The HWH_laser_T parameter is monitored at the periodic HK acquisition rate.

2- HIFI_WH_Laser_T_check_off: to stop the WBS HK data monitoring activity

The TC execution report is generated immediately after the global variables controlling the status of the limit
checking service have been updated. In any case after the TC acceptance report and within 500msec from the
Tc ingestion.

3.2.5.5.3.2 Deflux Heater current limit checking

For each spectrometer the Activity is commanded by two TCs:

1- HIFI_H_DHTR_C_check_on: to start the mixer deflux heater monitoring activity.
The AH1_DHTR_C parameter is checked against the commanded Upper limit. As soon as it exceeds this limit
for a number of times greater than the N-breach commanded parameter, the mixer-chain power shall be
switched off and an event r eport shall be generated (see Table 3.2-42 for the Event IDs. The parameter content
of the generated events is described in RD-16, sect. 4.3.3.6.7). The limit checking activity is then switched off.
The AH1_DHTR_C parameter is monitored at the periodic HK acquisition rate.

2 - HIFI_H DHTR_C check off: to stop the mixer deflux heater monitoring activity

The TC execution report is generated immediately after the global variables controlling the status of the limit
checking service have been updated.
In any case after the TC acceptance report and within 500msec from the TC ingestion.
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3.2.5.5.3.3 FCU Heater check functions

The Activity is commanded by two TCs:

1-

2 -

HIFI_FCU_nonresp_check_on: to start the mixer deflux heater monitoring activity.

The 8 MS bits of the FCU HK request for the H-chain is 0x8c, for the V-chain is 0x8d and for the chopper
bopards is 0x8f. The presence of HK data of the three types shall be monitored. The failure is detected in case
of missing data in Nbreach successive cycles of HK collection. In case of failure in one of the three chains, it is
switched off and an event report is generated (see Table 3.2-42 for the Event IDs. The parameter content of the
generated events is described in RD-16, sect. 4.3.3.6.9). The limit checking activity is then switched off.

The parameter are monitored at the periodic HK acquisition rate.

HIFI_FCU_nonresp_check_off: to stop the heater monitoring activity

The TC execution completion report is generated immediately after the global variables controlling the
status of the limit checking service have been updated. In any case after the TC acceptance report and within
500msec from the TC ingestion.

ERROR Name Short Mnemonic| EV ID | Notes

ERR_HK_ASK_ERR_8C ERR_8C 0xb005 | Mixer chain H was switched off due to too non-
response

ERR_HK_ASK_ERR_8D ERR_8D 0xb006 | Mixer chain V was switched off due to too non-
response

ERR_HK_ASK ERR_8F ERR_8F 0xb007 | Chopper board was switched off due to too non-
response

ERR_HK_ASK _HTRH_LIMIT HTRH_LIM 0xb001 | Mixer chain H was switched off due to too high

Heater-current

ERR_HK_ASK_HTRV_LIMIT HTRV_LIM 0xb002 | Mixer chain H was switched off due to too high

Heater-current

ERR_HK_ASK WBSH_LIMIT WBSH_LIM 0xb003 | WBS-H laser was switched off due to too high

HWH_Laser T

ERR_HK_ASK WBSV_LIMIT WBSV_LIM 0xb004 | WBS-V laser was switched off due to too high

HWV_ Laser T

Table 3.2-42 - OBS generated event reports for Autonomy errors (Event ID = 0xb000)

3.25.5.4 Perform activity — Configure Subsystems (FID 5/12)

All the HIFI subsytems can be configured via TC.

TheTC to configure FCU is described in RD-15 sect. 4.3.6.1

The TC to configure LCU is described in RD-15 sect. 4.3.6.4 and in RD-28, section 1.3.

The TC to configure HRS-H/V is described in RD-15 sect. 4.3.6.2

The TC to configure WBS-H/V is described in RD-15 sect. 4.3.6.3

The TC acceptance report is generated within 500msec from the TC ingestion. All Acceptance error codes reported in
table 3.2-32 are applicable.

The command is executed by sending out to the subsystems through the Low Speed Interface all the 32 bit parameters
passed by the TC.




SRON

Netherlands Institute for Space Research

HIFI

HIFI USER MANUAL
VOLUME 1

Doc. no. : SRON-U/HIFI/UM/2004-001
Issue 140

Date : 14 July 2008

Category :

Page : 134 of 295

In addition to the command sent out through the LS interface, the output of this activity is the Function status report
corresponding to the received Configure Subsystem TC.
The Function Status Reports contain a copy of all configuration parameters in the received TC (see Table 3.2-43 for a
reference to the documents where the reports are defined).
The successful TC execution report is generated as soon as all configuration command are enqueued on the LS high
priority queue (see RD-9), in any case after the Function status report generation and within 500 msec from the TC

ingestion.

There is only one possible execution failure:

ERROR Name Short Mnemonic | Error |Notes
Code
NOK_CMDEX_ERROR_LS HP_QUEUE CMDEX_LSHP_Q 0x0627 |Failure in sending out to LS task one of the

[failure parameters are provided.

Description Type | Sub Funct (Activ  RD-17 Report content
type | ID ID section

HIFI_Configure_FCU_report 8 6 12 |1 3.6.1 | The report is the echo of the received TC.
HIFI_Conf_HRS_H_att_lo_report | 8 6 12 |7 3.6.3 | The report is the echo of the received TC.
HIFI_Conf_HRS_H_blocks_report | 8 6 12 |8 3.6.3 | The report is the echo of the received TC.
HIFI_Conf_HRS_V_att lo_report | 8 6 12 19 3.6.3 | The report is the echo of the received TC.
HIFI_Conf_HRS_V_blocks_report | 8 6 12 |10 3.6.3 | The report is the echo of the received TC.
HIFI_Configure_WBS_H_report 8 6 12 |4 3.6.3 | The report is the echo of the received TC.
HIFI_Configure_WBS_V _report 8 6 12 |5 3.6.3 | The report is the echo of the received TC.
g'rltFI_Configure_LCUnominal_rep 8 6 12 |30 3.6.3 | The report is the echo of the received TC.
HIFI_Configure_LCUdiag_report | 8 6 12 |31 3.6.3 | The report is the echo of the received TC.
HIFI_Configure_LCU1a-7b_report | 8 6 12 | 12-25 | 3.6.3 | The report is the echo of the received TC.
HIFI_Config_spectroscopy report | 8 6 11 | 16 3.6.2 | The report is the echo of the received TC.

Table 3.2-43 - Configure reports

3.2.5.5.5 Perform activity — Send Single Command (FID 5/12)

The FID of this activity is equal to 12. All AIDs listed below (Table 3.2-44) are accepted.

The TC acceptance report is issued within 500ms from the TC ingestion.
All Acceptance error codes reported in e 3.2-32 are applicable.

HIFI_reset WBS H

Send single command to reset WBS-H

HIFI_reset WBS V

Send single command to reset WBS-V

HIFI_switch_zero WBS_H

Send single command to control the WBS-H zero-switch

HIFI_switch_zero WBS_V

Send single command to control the WBS-V zero-switch

HIFI_HL_Switch_off

Send single command to switch LCU channel off

HIFI_HL_Standby

Send single command to switch LCU to standby

HIFI_HL_Normal

Send single command to switch LCU to hormal mode

commanded configuration parameters. No execution
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HIFI_HL_Diagnostic

Send single command to switch LCU to diagnostic mode

HIFI_HL_Reset

Send single command to reset the LCU

HIFI_HL_switchon

Send single command to switch on one of the LCU channels

HIFI_HL_heater

Send single command to control the LCU heater

HIFI_HL_LSU_power

Send single command to control the LSU power level

HIFI_HL_LSU_subband

Send single command to set the LSU subband

HIFI_HL_store_tm

Send single command to store the current tuning macro

HIFI_HL_set FSW1

Send single command to reload the first stored tuning macro

HIFI_HL_set_FSW2

Send single command to reload the second stored tuning macro

HIFI_HL_checksum

Send single command to calculate the LCU-checksum

HIFI_HF_CH1 DHTR C

Send single command to generate a H deflux heater pulse

HIFI_HF_CV1 DHTR C

Send single command to generate a V deflux heater pulse

HIFI_CH1_MXBIAS_V

Send single command to set H mixer bias voltage

HIFI_CHL_MX_MG_C

Send single command to set H mixer magnet current

HIFI_CHL_DPACT_C

Send single command to set H diplexer current

HIFI_CV1_MXBIAS_V

Send single command to set V mixer bias voltage

HIFI_CV1_MX_MG_C

Send single command to set V mixer magnet current

HIFI_CV1_DPACT_C

Send single command to set V diplexer current

HIFI_LCU_Single

Send a single command to LCU

HIFI_Single_cmd

Send a single command to LS command bus

HIFI_CPR_Chopper_Rot

Send single command to set chopper to position in command-range

HIF1_Chopper_Rot_expert

Send single command to set chopper to any (unlimited) position

Table 3.2-44 List of accepted Single Commands

In addition to the command sent out through the LS interface, the output of this activity is the Function status report
corresponding to the received Single_Command TC.
The Function Status Reports contain a copy of the parameter received in the TC. Refer to RD-17, sect. 3.6 for the report

structure description.

The successful TC execution report is generated as soon as the single command is enqueued on the LS high priority
queue (see RD-9), in any case after the Function status report generation and within 500 msec from the TC ingestion.

There is only one possible execution failure:

ERROR Name Short Mnemonic Error [Notes
Code
NOK_CMDEX_ERROR_LS_HP_QUEUE CMDEX_LSHP_Q 0x0627 |Failure in sending out to LS task one of the

commanded configuration parameters. No execution

[failure parameters are provided.

3.25.5.6 Perform activity — Parameter Scan (FID 7)

3.25.5.6.1 FCU Parameter scan

The activity is commanded with the TC described in RD-15, sect 4.3.7.1.
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The TC acceptance report is generated within 500msec from the TC ingestion.

The FCU_parameter scan report is generated as soon as all FCU commands/HK requests belonging to the last step are
enqueued on the LS high priority queue (see RD-9 ). Therefore the report will be generated with a time delay with
respect to the TC acceptance report approximately equal to HIF_ NVOLTAGE*HIF_NMAGNET*HIF_STEP_TIME
(Total number of commanded steps™ step time). Refer to RD-15, sect 4.3.7.1. for the TC parameters identification and
to RD-16, section 4.9.6.2 for the report structure.

The successful TC execution report is generated immediately after the scan report.
The following failure detections are implemented, all generating execution failure reports (1,8):

ERROR Name Short Mnemonic Error [Notes
Code
EXF_CMDEX_PAR_SCAN_WRONG_STEP_N| CMDEX_PSC_STEP 0x0605 (The calculated total number of steps
UMBER (HIF_NVOLTAGE*HIF_NMAGNET) is greater than

the maximum allowed (80)
2 parameters: HIF_NVOLTAGE, HIF NMAGNET.

EXF_CMDEX_PAR_SCAN_WRONG_NVOLT | CMDEX_PSC_VOLT | 0x0606 [Type (8,4) FCU parameter scan: execution failure due

AGE to wrong HIF_NVOLTAGE parameter (<1)

EXF_LS_HDL_FCU_OFF LSHDL_FCU_OFF1 0x2001 [Sweep Diplexer procedure in LS_HDL task: execution
failure due to FCU off

EXF_LS HDL_ERROR_LS HP_QUEUE LSHDL_LSHPQ 0x2006 [FIFO Put on LS HP queue failure: no possibility to

trnasmit to LS task one of the command of the
procedure. The procedure is stopped. Applicable to all
scan procedures and to LO tuning.

EXF_LS_HDL_GEN_REP_FAIL LSHDL_GEN_REP 0x2005 |(Generate report error: no final (or step) report can be
generated at the end of one of the scan functions.

Table 3.2-45 List of possible execution failures for FCU parameter scan

Refer to table 3.2-53 for the error code of the OBS runtime errors that can be generated during the activity.

3.25.5.6.2 Diplexer Scan

There are two possible diplexer scans: with or without the HRS Ifpower acquisition. Both activities are described in
RD-18, section 3.8.6.2/3.

1. Diplexer Scan without IF Power

The activity is commanded with the TC described in RD-15, sect 4.3.6.2.
The TC acceptance report is generated within 500msec from the TC ingestion.

The Scan Report is generated as soon as all FCU commands/HK requests belonging to the last step and enqueued on
the LS high priority queue (see RD-9 ) have been processed by the LS task. Therefore the report is issued with a time
delay with respect to the TC acceptance report greater than

HIF_NDIPLEXER*(HIF_STEP_TIME +30msec) (+1sec)
= Total number of commanded steps* (step time+time necessary to send out all cmd/hk requests) (+
start_meas_overhead).

The start_meas_overhead of 1 sec shall be added when the commanded activity has aborted another activity already
running onboard, to take into account the maximum delay in starting the TC execution (the delay is due to the WBS
transfer time).
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The successful TC execution report is generated immediately after the scan report.

The maximum number of steps is 61. In case a greater number of steps is commanded, a TC execution failure report is
issued and the scan is not executed.

Refer to RD-15, sect 4.3.7.2. for the TC parameters identification and to RD-16, section 4.9.6.4 for the report structure.

2. Diplexer scan with HRS IF Power.

The activity is commanded with the TC described in RD-15, sect 4.3.6.3.
The TC acceptance report is generated within 500msec from the TC ingestion.

The Scan Report is generated as soon as all FCU commands/HK requests belonging to the last step and enqueued on
the LS high priority queue (see RD-9 ) have been processed by the LS task.. Therefore the report will be issued with a
time delay with respect to the TC acceptance report greater than

HIF_NDIPLEXER *(HIF_STEP_TIME + 132msec) + 42msec + 30msec (+ 1sec).

= Total number of commanded steps* (step time+time necessary to send out all cmd/hk requests + HRS integration
time) + HRS transfer time + fixed overhead (+start_meas_overhead).

The start_meas_overhead of 1 sec shall be added when the Hk acquisition is running to take into account the maximum
delay in starting the TC execution (the delay is due to the WBS transfer time).

The maximum number of steps is 20.
Refer to RD-15, sect 4.3.7.3. for the TC parameters identification and to RD-16, section 4.9.6.3 for the report structure.
The successful TC execution report is generated immediately after the scan report.

The following failure detections are implemented, all generating execution failure reports (1,8):

ERROR Name Short Mnemonic Error [Notes
Code
EXF_HS_HDL_ERROR_LS_HP_QUEUE HSHDL_LSHPQ 0x0809 [FIFO Put on LS HP queue failure: no possibility to

trnasmit to LS task one of the command of the
procedure. The procedure is stopped. Applicable to all
tuning procedures.

EXF_HS_HDL_HRS_SUB_OFF HSHDL_HRS_OFF 0x0810 |A diplexer scan with IF power is requested for a
switched off spectrometer. The procedure is not started
EXF_HS_HDL_FCU_SUB_OFF HSHDL_FCU_OFF 0x0811 |A diplexer scan with IF power is requested but FCU is
off. The procedure is not started
EXF_HS_LIB_HRS_SUB_OFF HSLIB_HRS_OFF 0x0906 |A measurement involving HRS has been requested, but
the spectrometers are OFF. No measurement is started.
EXF_HS_LIB_QUEUE HSLIB_QUEUE 0x0912 [FIFO Put on HS HDL Queue failure:no possibility to

notify to HS HSLthat one of the tuning procedure is
cstarted. The procedure is aborted. Applicable to all
tuning procedures.

EXF_HS_LIB_FCU_SUB_OFF HSLIB_FCU_OFF 0x0913 |A measurement involving FCU has been requested, but
the spectrometers are OFF. No measurement is started
(applicable to scans and to mixer magnet tuning)

EXF_HS_LIB_DIPSCAN_NUM_STEP HSLIB_DIPSCAN_NS | 0x0914 [The commanded number of steps for the diplexer scan
is greater than the maximum allowed. The scan is not
staretd.

EXF_HS_LIB_ERROR_LS HP_QUEUE HSLIB_LSHPQ 0x0905 [FIFO Put on LS HP queue failure: no possibility to

trnasmit to LS task one of the command of the
procedure. The procedure is stopped. Applicable to all
tuning procedures and to peakup procedures.

EXF_LS_HDL_ERROR_LS_HP_QUEUE LSHDL_LSHPQ 0x2006 |[FIFO Put on LS HP queue failure: no possibility to
trnasmit to LS task one of the command of the
procedure. The procedure is stopped. Applicable to all
scan procedures and to LO tuning.

EXF_LS HDL_FCU_SUB_OFF LSHDL_FCU_OFF_3 0x2007 |Diplexer scan procedure in LS HDL: no execution
started due to FCU off.
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EXF_LS HDL_DIPSCAN_NUM_STEP LSHDL_DSCAN_NS 0x200c [Wrong number of steps in diplexer scan command.
EXF_LS_HDL_PUT_LS HDL_QUEUE LSHDL_LSHDL_Q 0x2014 [FIFO put on LS HDL queue failure: it is not possible to

execute the following steps of the procedure.
/Applicable to FCU parameter scan, vector and diplexer
scans.

EXF_LS HDL_GEN_REP_FAIL LSHDL_GEN_REP 0x2005 |(Generate report error: no final (or step) report can be
generated at the end of one of the scan functions.

Table 3.2-46 List of possible execution failures for diplexer scan

Only one OBS runtime error (severity level 2) can be generated directly in the diplexer scan functions. It is reported in
the table below. In case of Diplexer scan with If Power all the runtime errors related to the Spectrometers data handling
are applicable too. In both cases the runtime errors generated by the LS task in case of failures with the LS link are
applicable as well.

ERROR Name Short Mnemonic Error [Notes
Code
ERR_HS_HDL_WRONG_SPECT_AID WSPEC_AID 0x0800 |Current value of AID spectroscopy different from the
one necessary to the running function

3.2.5.5.6.3 Engineering Scan

4.9.6.11 (TM ICD)

3.2.5.5.7 Perform activity — Local Oscillator Functions (FID 8)

3.25.5.7.1 HIFI_Load_vector_scan nominal/diagnostic

The vector scan function and the LO-tune functions make use of the same set of parameters. These
parameters are uploaded with the HIFI_Load_vector_scan commands.

The activity is commanded with the TCs described in RD-15, sect 4.3.7.1/2, and in RD-28, sect. 1.4..
The TC acceptance report is generated within 500msec from the TC ingestion.

The load vector scan command is used to specify the LS commands to be issued, their parameters initial values and
incremental steps.

3.2.5.5.7.2 HIFI_Vector_scan

The activity is described in RD-18 section 3.8.8.1 and is commanded with the TCs described in RD-15, sect 4.3.7.3.
The TC acceptance report is generated within 500msec from the TC ingestion.

The Scan Report is generated as soon as all LCU commands/HK requests belonging to the last step and enqueued on
the LS high priority queue (see RD-9 ) have been processed by the LS task. Therefore the report is issued with a time
delay with respect to the TC acceptance report greater than

HIF_NSteps*(HIF_STEP_TIME + 51msec) (+1sec)
= Total number of commanded steps* (step time+time necessary to send out all hk requests) (+start_meas_overhead).
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The start_meas_overhead of 1 sec shall be added when the commanded activity has aborted another activity already
running onboard, to take into account the maximum delay in starting the TC execution (the delay is due to the WBS
transfer time).

The successful TC execution report is generated immediately after the vector scan report.

The maximum number of steps is 10: this limit is set to fit the vector scan report in one only TM packet.

In case a greater number of steps is commanded, a TC execution failure report is issued and the scan is not executed.
Refer to RD-16, section 4.9.6.10 for the scan report structure.

The final setting of the vector scan is reported by means of a Function status report, described in RD-16, section
4.9.6.10. The Report has Type, subtype = 8, 6 and the SID is obtained from the HIFI_load vector scan SID minus 16.

3.2.5.5.7.3 HIFI_Tune_LO_Using MXCH/MXCV

The activity is described in RD-18 section 3.8.8.2 and is commanded with the TCs described in RD-15, sect 4.3.7.4/5.
The TC acceptance report is generated within 500msec from the TC ingestion.

The procedure executes a LO vector scan, recording the mixer current as a function of the vector scan step and at the
end it finds the step value giving the mixer current closest to the commanded target value.

The procedure has two outputs: a vector scan report and a Lo tuning report (function status report). Both are generated
after all LCU commands/HK requests belonging to the last step and enqueued on the LS high priority queue (see RD-9)
have been processed by the LS task.

Therefore the reports are issued with a time delay with respect to the TC acceptance report greater than

HIF_NSteps*(HIF_STEP_TIME + 51msec) (+1sec)
= Total number of commanded steps* (step time+time necessary to send out all hk requests) (+start_meas_overhead).

The start_meas_overhead of 1 sec shall be added when the commanded activity has aborted another activity already
running onboard, to take into account the maximum delay in starting the TC execution (the delay is due to the WBS
transfer time).

The successful TC execution report is generated immediately after the tuning report.

The maximum number of steps is 10: this limit is set to fit the vector scan report in one only TM packet.

In case a greater number of steps is commanded, a TC execution failure report is issued and the scan is not executed.
Refer to RD-16, section 4.9.6.10 for the scan report structure.
The final setting of the LO tuning is reported in a LO tuning Report report, described in RD-16, section 4.9.6.10. The
Report has Type, subtype = 8, 6 and the SID is obtained from the HIFI_load vector scan SID minus 16.

3.2.5.5.7.4 Local Oscillator functions error conditions

The following execution failure detections are implemented, all generating reports (1,8):

EXF_LS_HDL_VEC_SCAN_TABLE LSHDL_BAD_VSTAB | 0x2004 (Invalid Length of the table onboard used to execute the
vector scan

EXF_LS HDL_GEN_REP_FAIL LSHDL_GEN_REP 0x2005 |(Generate report error: no final (or step) report can be
generated at the end of one of the scan functions.

EXF_LS_HDL_ERROR_LS_HP_QUEUE LSHDL_LSHPQ 0x2006 [FIFO Put on LS HP queue failure: no possibility to

trnasmit to LS task one of the command of the
procedure. The procedure is stopped. Applicable to all
scan procedures and to LO tuning.
EXF_LS_HDL_VSCAN_REP_GET_HK_BLOC| LSHDL_VSCAN_HKB | 0x2008 |Get block from HK Pool failure: no vector scan report
K can be produced. The procedure has been completed
but the data cannot be downloaded.
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EXF_LS_HDL_VSCAN_REP_PUT_HK_QUEU
E

LSHDL_VSCAN_HKQ

0x2009

FIFO put on HK TM queue failure: : no vector scan
report can be produced. The procedure has been
completed but the data cannot be downloaded.

EXF_LS_HDL_VSCAN_OVFL

LSHDL_VSCAN_OVF

0x200A

Error in parameters of vector scan.

EXF_LS_HDL_VSCAN_SYSOFF

LSHDL_VSCAN_SOFF

0x200b

FCU or LCU are switched off. VVector scan cannot be
xecuted.

The following OBS Runtime errors can be detected:

ERR_LS_HDL_WRONG_SID

LSHDL_SIDERR

‘ 0x2015 ‘Error in SID of Load Vector scan command

Refer to table 3.2-53 for the error code of all the other the OBS runtime errors that can be generated during the

activity.

3.2.5.5.8 Perform activity — Measure LCU_IV_Curve (FID 15)

The activity is commanded with the TC described in RD-15, sect 4.3.13, and in RD-28, section 1.6.
The TC acceptance report is generated within 500msec from the TC ingestion.

The HIFI_LCU_IV_Report is generated as soon as all LCU commands/HK requests belonging to the last step are
engueued on the LS high priority queue (see RD-9).
Therefore the function activities will be completed (and the report will be generated) after a time delay with respect to

the TC acceptance report greater than

(HIF_LCU_IV_delay + 30msec) = commmanded wait time + 10*(single hk request time).

Refer to RD-15, sect 4.3.11. for the TC parameters identification and to RD-16, section 4.9.6.5 for the report structure.
The successful TC execution report is generated immediately after the scan report.

The following failure detections are implemented, all generating execution failure reports (1,8):

ERROR Name Short Mnemonic Error |Notes
Code
EXF_LS HDL_LCU_OFF LSHDL_LCU_OFF_2 | 0x2002 |Commanded LCU parameter scan: execution failure
due to LCU off
EXF_LS HDL _ERROR_LS HP_QUEUE LSHDL_LSHPQ 0x2006 [FIFO Put on LS HP queue failure: no possibility to

trnasmit to LS task one of the command of the
procedure. The procedure is stopped. Applicable to all
scan procedures and to LO tuning.

EXF_LS_HDL_LCU_OFF

LSHDL_LCU_OFF 2

0x2002

Commanded LCU parameter scan: execution failure
due to LCU off

EXF_LS_HDL_GEN_REP_FAIL

LSHDL_GEN_REP

0x2005

Generate report error: no final (or step) report can be

generated at the end of one of the scan functions.

Refer to table 3.2-53 for the error code of all the other the OBS runtime errors that can be generated during the

activity.

3.25.5.9 Perform activity — Tune functions (FID 9)

3.255.9.1 Tune HRS
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The activity is described in RD-18, section 3.8.9.1 and is commanded with the TC described in RD-15, sect 4.3.8.1.
The TC acceptance report is generated within 500msec from the TC ingestion.

The overall duration of the execution of the procedure onboard is of the order of 4 sec, even if to download all the
science packets other 2 seconds are necessary.

This implies that if a new TC is received before 4 secs from the reception of the Tune command, the tuning procedure is
aborted.

The successful TC execution report is generated after 4 secs, before the completion of the SD packets download.

Refer to RD-16, section 4.9.6.6 for the report structure.

For each one of the two tuning steps, for each one of the polarizations a total of 19 packets are produced:
— 1 tune report
— 1 If Power Hk packet
— 1 start frame packet
— 16 Science Data Packets

The following execution failure detections are implemented, all generating reports (1,8):

ERROR Name Short Mnemonic Error [Notes
Code
EXF_HS_LIB_ERROR_LS HP_QUEUE HSLIB_LSHPQ 0x0905 [FIFO Put on LS HP queue failure: no possibility to

trnasmit to LS task one of the command of the
procedure. The procedure is stopped. Applicable to all
tuning procedures and to peakup procedures.

EXF_HS_LIB_HRS_SUB_OFF HSLIB_HRS_OFF 0x0906 |A measurement involving HRS has been requested, but
the spectrometers are OFF. No measurement is started.
EXF_HS_LIB_QUEUE HSLIB_QUEUE 0x0912 [FIFO Put on HS HDL Queue failure:no possibility to

notify to HS HSLthat one of the tuning procedure is
cstarted. The procedure is aborted. Applicable to all
tuning procedures.

The following OBS Runtime errors can be detected:

ERROR Name Short Mnemonic Error [Notes Severit
Code y

ERR_DATA_HDL_ZERO_DIV ZERO_DIV_0 0x0701 |Division by zero 2

ERR_DATA_HDL_FIFOPUT_HK_TM_QUEUE | DATAH_PUT_HKTMQ| 0x0702 |FIFO put on HK TM queue failed in Data Hdl task. IF 2
Power HK packet lost.

ERR_DATA_HDL_FIFOPUT_SD_TM_QUEUE | PUT_SDTMQ 0x0703 |FIFO put on SD TM queue failed in Data Hdl task 2

ERR_DATA HDL_GET_STF_POOL_BLOCK STF_GETB 0x0705 |Get block from Start frames Pool failure (no start frame| 2
packet)

ERR_DATA HDL_GET_HK_POOL_BLOCK HKP_GETB 0x0706 |Get block from HK Pool failure (no If power packet 2
produced)

ERR_HS_LIB_FIFOPUT_HK_TM_QUEUE HK_TM_QUEUE_2 0x0901 |FIFO put on HK TM queue failed in HS_HDL task. 2
[Tune reports lost.

ERR_HS_LIB_WRONG_SPECT_AID WSPECT_AID 0x0918 |Inconsistency between current and espected AlID 2
spectroscopy

ERR_HS_LIB_ERROR_LS HP_QUEUE HSLIB_LSHP_Q 0x0927 |LS high priority queue handling failure. The tuned 2
parameters have not been commanded.

ERR_HS_LIB_GET_HK_POOL_BLOCK HSLIB_HKPBLK 0x0928 |Get block from HK Pool failure. Tuning has been 2
executed but the tune report will not be genefated.

3.255.9.2 Tune WBS
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The activity is described in RD-18, section 3.8.7.9.2 and is commanded with the TC described in RD-9, sect 4.3.9.2.
The TC acceptance report is generated within 500msec from the TC ingestion.

The overall duration of the execution of the procedure onboard is of the order of 10 sec, even if to download all the
science packets other 2 seconds are necessary.

This implies that if a new TC is received before 10 secs from the reception of the Tune command, the tuning procedure
is aborted.

The successful TC execution report is generated after 10 secs, before the completion of the SD packets download.
Refer to RD-16, section 4.9.6.7 for the report structure.

For each one of the three tuning steps, for each one of the polarizations a total of 31 packets are produced:
— 1 tune report
— 1 If Power Hk packet
— 1 start frame packet
— 28 Science Data Packets

The following execution failure detections are implemented, all generating reports (1,8):

ERROR Name Short Mnemonic Error [Notes

Code
ERR HS LIB WBS SUB OFF HSLIB WBS OFF 0x0911 Requested me_asurement cannot be executed. The
- - - - - - - spectrometer is off

EXF_HS LIB_QUEUE HSLIB_QUEUE 0x0912 |FIFO Put on HS HDL Queue failure:no possibility to
notify to HS HSLthat one of the tuning procedure is
cstarted. The procedure is aborted. Applicable to all
tuning procedures.

NOK_HS_LIB_WRONG_INPUT_PARAM HSLIB_INPUT_PAR 0x0916 [Start tuning: wrong target in percent value

The following OBS Runtime errors can be detected:

ERROR Name Short Mnemonic Error |Notes Severit
Code y

ERR_DATA_HDL_ZERO_DIV ZERO_DIV_0 0x0701 |Division by zero 2

ERR_DATA_HDL_FIFOPUT_HK_TM_QUEUE | DATAH_PUT_HKTMQ| 0x0702 [FIFO put on HK TM queue failed in Data Hdl task. IF 2
Power HK packet lost.

ERR_DATA_HDL_FIFOPUT_SD_TM_QUEUE | PUT_SDTMQ 0x0703 |FIFO put on SD TM queue failed in Data Hdl task 2

ERR_DATA_HDL_GET_STF_POOL_BLOCK STF_GETB 0x0705 |Get block from Start frames Pool failure (no start frame| 2
packet)

ERR_DATA_HDL_GET_HK_POOL_BLOCK HKP_GETB 0x0706 |Get block from HK Pool failure (no If power packet 2
produced)

ERR_HS_LIB_FIFOPUT_HK_TM_QUEUE HK_TM_QUEUE_2 0x0901 [FIFO put on HK TM queue failed in HS_HDL task. 2
[Tune reports lost.

ERR_HS_LIB_ZERO_DIV ZERO_DIV 0x0904 |Division by zero in HS library function 2

ERR_HS_LIB_ERROR_LS HP_QUEUE HSLIB_LSHP_Q 0x0927 |LS high priority queue handling failure. The tuned 2
parameters have not heen commanded.

ERR_HS_LIB_GET_HK_POOL_BLOCK HSLIB_HKPBLK 0x0928 |Get block from HK Pool failure. Tuning has been 2
executed but the tune report will not be genefated.

ERR_HS_LIB_NUMERICAL_OVFL HSLIB_NUM_OVF 0x0930 |Error in WBS tuning procedure. Correction factor <0. 2

ERR_HS_LIB_ATTEN_ZERO ATTEN_ZERO 0x0932 |Error in WBS tuning procedure. Attenuation factor 2
lequal to 0. Correction factor not divided by atten

3.2.5.5.9.3 Tune Mixer Magnet use HRS

The activity is described in RD-18, section 3.8.9.3 and is commanded with the TC described in RD-15, sect 4.3.8.3.
The TC acceptance report, when requested, is generated within 500msec from the TC ingestion.
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The following assumptions are made onboard on the input parameters:
HIF_step_time: it shall be expressed in units of (e.g. if a step time of 0.4sec is needed,
100msec HIF step time=4)
HIF_Nmagnet: a maximum of 48 steps is foreseen. this limit is to maintain the compatibility

with the generation of one single
tune report.*

HIF chl mx_mg0 C: no check/assumptions made onboard
HIF cvl mx_mg0 C: no check/assumptions made onboard
HIF_mx_mg_step C: no check/assumptions made onboard

*The maximum number of steps presently allowed onboard is 48. This because with 48 iterations we saturate the
dimensions of the tune report TM packet: the max number of 16-bit parameters in a mixer magnet tune report,
calculated from the max total length of a TM packet, is

498 parameters = 10 parameters*48 iter. + 14 fixed parameters.

The Tune Report is generated as soon as the last requested HRS frame has been acquired (see RD-9 ) and the two tuned
currents have been commanded.

Therefore the report will be generated with a time delay with respect to the TC acceptance report greater than

HIF_ NMAGNET *(HIF_STEP_TIME + 132msec) + 42msec + 30msec (+ 1sec).

= Total number of commanded steps™ (step time+time necessary to send out all cmd/hk requests + HRS integration
time) + HRS transfer time + fixed overhead (+start_meas_overhead).

The start_meas_overhead of 1 sec shall be added when the Hk acquisition is running to take into account the maximum
delay in starting the TC execution (the delay is due to the WBS transfer time).

The tuning iterations are executed one after the other, without waiting for the complete transfer of the data of one
iteration before starting the following one. After the commanding of the last iteration it is necessary to wait for the last
data to be transferred, in order to calculate the Ifpower, to optimize the current and to send the tune report.

The successful TC execution report is generated after this time delay. Refer to RD-16, section 4.9.6.8 for the report
structure.

If a new TC is received before this time delay, the measurement is aborted.

Refer to table 3.2-53 and table 3.2-54 for the error code of the OBS runtime errors and execution failure reports that
can be generated during the activity (sections related to task HK_LIB and HS_HDL).

3.2.5.5.9.4 Tune Mixer Magnet use WBS

The activity is described in RD-18, section 3.8.7.9.4 and is commanded with the TC described in RD-15, sect 4.3.9.4.
The TC acceptance report is generated within 500msec from the TC ingestion.

The Tune Report is generated as soon as the last requested WBS frame has been acquired (see RD-9 ) and the two
tuned currents have been commanded.
Therefore the report will be generated with a time delay with respect to the TC acceptance report greater than

HIF_NMAGNET*(HIF_STEP_TIME + 1050msec) + 900msec + 40msec (+1sec)
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=Total number of commanded steps* (step time+time necessary to send out all cmd/hk requests + WBS integration
time) + WBS transfer time + fixed overhead (+start_meas_overhead).

The start_meas_overhead of 1 sec shall be added when the HK acquisition is running to take into account the
maximum delay in starting the TC execution (the delay is due to the WBS transfer time).

In case the TC interrupts a previously running TC, there is an unpredictable initial overhead, which can be at maximum
equal to 3 secs.

The successful TC execution report is generated after this time delay. Refer to RD-16, section 4.9.6.8 for the report
structure.
If anew TC is received before this time delay, the measurement is aborted.

Refer to table 3.2-53 and table 3.2-54 for the error code of the OBS runtime errors and execution failure reports that
can be generated during the activity (sections related to task HK_LIB and HS_HDL).

3.2.5.5.10 Perform activity — Calibrate functions (FID 10)

3.25.5.10.1 Calibrate WBS (WBS COMB)

The activity is described in RD-18, section 3.8.7.10.2 and is commanded with the TC described in RD-15, sect
4.3.10.2.
The TC acceptance report is generated within 500msec from the TC ingestion.

The procedure is implemented in two steps. The first step is the request of a ZERO spectrum with the only purpose to
know the current values of the attenuators setting. This step has a very short integration time and no science data are
provided in output.

The second step is the measurement of a COMB spectrum with an integration time of 1 sec. The ourput of this step is a
full WBS packetisation per each polarization:

1 IF Power Hk packet

1 Start science Data Frame

28 Science Data Packets.

The overall duration of the execution of the procedure onboard is of the order of 4,5 sec (no exact execution time can
be given because it depends on the duration of the procedure initialization) , even if to download all the science packets
other 2 seconds are necessary.

This implies that if a new TC is received before 4,5 secs from the reception of the COMB command, the COMB
procedure is aborted.

The successful TC execution report is generated after 4,5 secs, before the completion of the SD packets download.

The following execution failure detections are implemented, all generating reports (1,8):

ERROR Name Short Mnemonic Error [Notes
Code
EXF_HS_HDL_ERROR_LS HP_QUEUE HSHDL_LSHPQ 0x0809 |[FIFO Put on LS HP queue failure: no possibility to

trnasmit to LS task one of the command of the
procedure. The procedure is stopped. Applicable to all
tuning procedures.

Requested measurement cannot be executed. The
ERR_HS_LIB_WBS_SUB_OFF HSLIB_WBS_OFF 0x0911 spectrometer is off

EXF_HS_LIB_QUEUE HSLIB_QUEUE 0x0912 |FIFO Put on HS HDL Queue failure:no possibility to
notify to HS HSLthat one of the tuning procedure is
cstarted. The procedure is aborted. Applicable to all
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‘ Ituning procedures.

Refer to table 3.2-53 for the error code of the OBS runtime errors that can be generated during the activity.

3.2.5.5.10.2 Zero Measurement (WBS ZERO)

The activity is described in RD-18, section 3.8.7.10.3 and is commanded with the TC described in RD_15, sect
4.3.10.3.
The TC acceptance report is generated within 500msec from the TC ingestion.

The procedure is the measurement of a ZERO spectrum with an integration time of 1 sec. The ourput is a full WBS
packetisation per each polarization:

1 IF Power Hk packet

1 Start science Data Frame

28 Science Data Packets.

The overall duration of the execution of the procedure onboard is of the order of 3 sec sec (no exact execution time can
be given because it depends on the duration of the procedure initialization), even if to download all the science packets
other 2 seconds are necessary.

This implies that if a new TC is received before 3 secs from the reception of the WBS ZERO command, the WBS
ZERO procedure is aborted.

The successful TC execution report is generated after 3 secs, before the completion of the SD packets download.

The following execution failure detections are implemented, all generating reports (1,8):

ERROR Name Short Mnemonic Error [Notes
Code
EXF_HS_HDL_ERROR_LS_HP_QUEUE HSHDL_LSHPQ 0x0809 [FIFO Put on LS HP queue failure: no possibility to

trnasmit to LS task one of the command of the
procedure. The procedure is stopped. Applicable to all
tuning procedures.
ERR HS LIB WBS SUB OEEF HSLIB WBS OFE 0x0911 Requested measurement cannot be executed. The

- == = - - - spectrometer is off
EXF_HS_LIB_QUEUE HSLIB_QUEUE 0x0912 |FIFO Put on HS HDL Queue failure:no possibility to
notify to HS HSLthat one of the tuning procedure is
cstarted. The procedure is aborted. Applicable to all
tuning procedures.

Refer to table 3.2-53 for the error code of the OBS runtime errors that can be generated during the activity.

3.2.5.5.11 Perform activity — Spectroscopy (FID 11)

3.25.5.11.1 Configure spectroscopy

The Configure spectroscopy TC structure is defined in RD-15 sect. 4.3.10.1 and reported below with the default values
stored onboard at the OBS initialization:

Field value | Parameter description
Function ID 11
Activity ID 16
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Spare 0
HIF_N_WBS_START 1 Number of WBS starts during the whole measurement. If it is 0, no
WBS starts are sent out.
HIF_R_HRS 1 Number of HRS-accumulations during one WBS accumulation If it
is 0, no HRS starts are sent out.
HIF_N_WBS_INTEGR 1 Number of integrations in WBS-coaddition buffer per packetization.
HIF_N_HRS_INTEGR 1 Number of integrations in HRS-coaddition buffer per
packetization<.
HIF_DEL_HRS 10 Delay time before start-HRS command.
Time in milliseconds. *
HIF_DEL_WBS 10 Delay time before start-WBS command.
Time in milliseconds.*
HIF_T_ACC_WBS 10 Accumulation time of WBS.
Time in milliseconds.*
HIF_T_ACC_HRS 10 Accumulation time of HRS.
Time in milliseconds.*
HIF_WBSH_OFFSET1 0 Specifies first channel of WBS_H output range 1

HIF_WBSH_WIDTH1 2048 | Specifies number of channels in WBS_H output range 1
HIF_ WBSH_OFFSET2 2048 | Specifies first channel of WBS_H output range 2
HIF_ WBSH_WIDTH2 2048 | Specifies number of channels in WBS_H output range 2
HIF_ WBSH_OFFSET3 4096 | Specifies first channel of WBS_H output range 3
HIF_ WBSH_WIDTH3 2048 | Specifies number of channels in WBS_H output range 3
HIF WBSH_OFFSET4 6144 | Specifies first channel of WBS_H output range 4
HIF_ WBSH_WIDTH4 2048 | Specifies number of channels in WBS_H output range 4
HIF_WBSV_OFFSET1 0 Specifies first channel of WBS_V output range 1
HIF_WBSV_WIDTH1 2048 | Specifies number of channels in WBS_V output range 1
HIF_WBSV_OFFSET2 2048 | Specifies first channel of WBS_V output range 2
HIF_WBSV_WIDTH2 2048 | Specifies number of channels in WBS_V output range 2
HIF_WBSV_OFFSET3 4096 | Specifies first channel of WBS_V output range 3
HIF_ WBSV_WIDTH3 2048 | Specifies number of channels in WBS_V output range 3
HIF WBSV_OFFSET4 6144 | Specifies first channel of WBS_V output range 4
HIF_ WBSV_WIDTH4 2048 | Specifies number of channels in WBS_V output range 4

HIF_HRS_RSHIFT 0 Specifies number of bits for HRS data right-shift
HIF_WBS_RSHIFT 0 Specifies number of bits for WBS data right-shift
HIF_HRSH_SEL OxFF | 8 bit word selects banks to be packetized for HRS-H
OxFF = all banks selected. **
HIF_HRSV_SEL OxFF | 8 bit word selects banks to be packetized for HRS-V
OxFF = all banks selected.**
HIF_WBS_packing 16bit | Specifies to telemeter 24 or 16 bits WBS-data
1- 16 bit data
2 — 24 bit data

Table 3.2-47 — HIFI_config_spectr TC: packet data field structure

* Note on commanded times.

Due to the usage of the onboard command interpreter (i.e. VM), the minimum delay between SS commands is 2 ms, so
all the time parameters (i.e. integration, delay etc) must be >= 2ms. Due to the lock unlock mechanism of the Low
Speed I/F (which is shared bewteen theHk acquisition task and the VM) the next possible delay time is 5 ms, higher
delay have no constrain.

The HIFI total power time parameters are checked and corrected in the VM program:

1) T <2ms are changed to 2ms

2) 2ms < T < 5ms are changed to 5ms

Like all the other configure commands (see 3.2.5.5.4), the Configure spectroscopy TC will be echoed in a
configuration report that will be provided within 500msec from the TC acceptance.

* Note on HRS range selection.

The following rule is applied onboard to decode the HRS range selection word:
Select = 0x1 (00000001) Block 8 is selected (both subblocks)
Select 0Ox2 (00000010) Block 7 1is selected (both subblocks)
Select = 0x4 (00000100) Block 6 is selected (both subblocks)
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Select = 0x8 (00001000) Block
Select 0x10(00010000) Block
Select = 0x20(00100000) Block
Select 0x40(01000000) Block
Select = 0x80(10000000) Block

is selected (both subblocks)
is selected (both subblocks)
is selected (both subblocks)
is selected (both subblocks)
is selected (both subblocks)

=N WS O

In addition to the check on the consistency between the length of the packet and the number of parameters
expected, the following checks on the WBS commanded integration time is implemented:
1. HIF_T_ACC WBS = N*10msec + 5 msec. (where N is an integer number greater than 0).

2. In case of Total Power Spectroscopy :
HIF_T_ACC_WBS >= (2+ HIF_DEL_HRS + HIF_T_ACC_HRS+10) *( HIF_R_HRS) +2
Where:
10 msec = time overhead due to the HRS data transfer commands issuing
2msec = time overhead due to the HRS reset buffer commands issuing

In case of failure, this extra check will result in an execution failure report (1,8) with the following parameters:

ERROR Name Short Mnemonic Error [Notes
Code

NOK_CMDEX_ILLEGAL_WBS_ACC_TIME CMDEX_WBSTIMW | 0x0626 [Wrong Commanded WBS Time.

In addition to this, all the failure detections implemented for the other configure commands (see 3.2.5.5.4) are
applicable.

3.25.5.11.2 Total Power Spectroscopy

The procedure described in RD-18 section 3.8.11.3 is performed, to execute a total power spectroscopy measurement,
using the measurement configuration parameters commanded with the Configure Spectroscopy Tc and stored onboard.
The TC to start a Total Power Spectroscopy measurement is described in RD-15, sect 4.3.11.3.

The TC acceptance report is generated within 500msec from the TC ingestion.

Before starting the procedure, if there is an onboard running measurement, it is aborted and the FIFOs are reset.

The spectrometers commanding necessary to perform the measurement is made by the onboard command interpreter
(i.e. VM) triggered by the HW timer interrupt. The flow chart of the VM procedure implemented onboard is reported in
figure 3.2-22.

During the measurement, depending on the configuration parameters, several HRS and WBS packetisations can be
issued.
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- HIF_N_WBS_1 >0

- HIF_N_WBS_TRANS >0

- if HIF_T_ACC_WBS < time spent in HRS loop
then HIF_T_ACC_WABS = time spent in HRS loop

‘ Input parameters consistency check ‘

‘ HRS_H/V reset buffer0&1 ‘
All time parameters are checked and corrected:
| T <2ms are changed to 2ms
‘ HRS_H/V select buffer0 ‘ 2ms < T < 5ms are changed to 5ms

‘ Wait 100msec ‘

Wait WBS delta time
HIF_DEL_WBS

‘ Start WBS ‘

HRS_H reset current acc. buffer
HRS_V reset current acc.buffer

Wait HRS delta time

Start HRS

Wait HRS integration time

‘ Stop HRS ‘

Swap HRS_H buffers
Swap HRS_V buffers

Start HRS H transfer
Start HRS V transfer

AT

‘ Wait remaining WBS ‘

integration time

‘ Stop WBS ‘

‘ Wait 12msec ‘

‘ Start WBS transfer ‘

HIF_N_WBS_starts

Figure 3.2-22, Total Power spectroscopy commanding flow diagram
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Num. of WBS packetisations (per polarisation) = HIF_N_WBS_START/HIF_N_WBS_INTEGR
Num. of HRS packetisations (per polarisation) = (HIF_N_WBS_START* HIF_R_HRS)/ HIF_N_HRS_INTEGR

For each Packetisation the following packets will be provided, see section 3.2.5.9.2 for a description of the packets

content:

HRS WBS — Packing 16 | WBS — Packing 24
1 If Power Hk 1 If Power Hk 1 If Power Hk
packet packet packet

1 start frame packet

1 start frame packet

1 start frame packet

16 Science Data
Packets

(2 packets per
selected block)

20 Science Data
Packets

(5 packets per
each full CCD —
2048 data)

28 Science Data
Packets

(7 packets per
each full CCD —
2048 data)

Table 3.2-48 Spectrometers packetisations content

The first packetisation of WBS will be transmitted after a time approximately equal to:

T wbs >= (HIF_T_ACC_WBS * HIF_N_WBS _INTEGR) + WBS Transfer time

If HIF_N_HRS_INTEGR <= HIF_R_HRS the first packetisation of HRS will be transmitted after a time

approximately equal to:

T hrs >= (HIF_T_ACC_HRS * HIF_N_HRS_INTEGR) + HRS Transfer time

If HIF_N_HRS INTEGR > HIF_R_HRS the first packetisation of HRS will be transmitted after a time greater than:
T hrs > (HIF_N_HRS_INTEGR/HIF_R_HRS ) * HIF_T_ACC_WABS + HRS Transfer time

WBS Transfer time= 900msec

HRS Transfer time= 42msec

In case of WBS switched on, the overall duration of the execution of the procedure onboard can be calculated according

to:

Ttp (msec) = 115 + (HIF_T_ACC_WBS+14+ HIF_DEL_WBS)*( HIF_N_WBS _START)+2

115 msec = measurement initialization time
14 msec = time overhead due to the WBS data transfer commands issuing (12msec wait + 2 cmd trx)
2msec = time necessary to unlock the LS interface.

If only HRS in used, the duration becames:

Ttp_hrs (msec) = 17 + (2 + HIF_T_ACC_HRS+10+HIF_DEL_HRS)*( HIF_R_HRS)

17 msec = measurement initialization time

10 msec = time overhead due to the HRS data transfer commands issuing
2msec = time overhead due to the HRS reset buffer commands issuing

This implies that if a new TC is received before Ttp from the reception of the Start Total Power Command, the VM
procedure will be stopped and the measurement aborted.
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‘ Input parameters consistency check ‘

\ HRS_H/V reset buffero&1

‘ HRS_H/V select bufferO

“HIF_N_WBS_1 >0
- HIF_N_WBS_TRANS >0

- if HIF_T_ACC_WABS < time spent in HRS loop
then HIF_T_ACC_WABS = time spent in HRS loop

All time parameters are checked and corrected:

T <2ms are changed to 2ms

2ms < T < 5ms are changed to 5ms

‘ Wait 100msec

‘ Modulate

‘ Wait WBS delta time

HIF_DEL_WBS

‘ Start WBS

HRS_H reset current acc. buffer
HRS_V reset current acc.buffer

‘ Wait HRS delta time

‘ Start HRS

Wait HRS integration time

Stop HRS

Swap HRS_H buffers
Swap HRS_V buffers

Start HRS H transfer
Start HRS V transfer

—HIF_R_HRS

‘ Wait remaining WBS

integration time

‘ Stop WBS

‘ Wait 12msec

‘ Start WBS transfer

HIF_N_WBS_starts

‘ end

Figure 3.2-23, Slow Chop spectroscopy commanding flow diagram
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3.2.5.5.11.3 Slow/Chop Spectroscopy

The procedure described in RD-18 section 3.8.11.4 is performed, to execute a slow chop spectroscopy measurement,
using the measurement configuration parameters commanded with the Configure Spectroscopy TC and stored onboard.

The TC to start a Slow Chop Spectroscopy measurement is described in RD-15, sect 4.3.11.5. and contains two extra
parameters (the chopper positions for the modulation) necessary to implement the measurement.
The TC acceptance report is generated within 500msec from the TC ingestion.

The spectrometers commanding necessary to perform the measurement is made by the onboard command interpreter
(i.e. VM) triggered by the HW timer interrupt. The flow chart of the VM procedure implemented onboard is reported in
figure3.2-23.

See section 3.2.5.5.11.2 for the number of packets/packetisations provided and for the calculation of the time expected
for the transmission of the first WBS and HRS packetisations.

In case of WBS switched on, the overall duration of the execution of the procedure onboard can be calculated according
to:

Tsc (msec) = 115 + (HIF_T_ACC_WBS+14+ HIF_DEL_WBS+2)* HIF_N_WBS_START

115 msec = measurement initialization time
14 msec = time overhead due to the WBS data transfer commands issuing (12msec wait + 2 cmd trx)
2msec = time necessary to command the new chopper position.

If only HRS in used, the duration is the same as in total power spectroscopy.

If a new TC is received before Tsc from the reception of the Start Slow Chop Command, the VM procedure will be
stopped and the measurement aborted.

3.2.5.5.11.4 Fast Chop Spectroscopy

The procedure described in RD-18 section 3.8.11.5 is performed, to execute a fast chop spectroscopy measurement,
using the measurement configuration parameters commanded with the Configure Spectroscopy TC and stored onboard.

The TC to start a Fast Chop Spectroscopy measurement is described in RD-15, sect 4.3.11.4. and contains 4 parameters
(the 2 chopper positions for the modulation, the number HIF_N_HRS_TRANS of HRS integrations to be done during
WBS transfer and the number HIF_N_WBS_1 of WBS modulations/integrations) necessary to implement the
measurement.

The TC acceptance report is generated within 500msec from the TC ingestion.

The spectrometers commanding necessary to perform the measurement is made by the onboard command interpreter
(i.e. VM) triggered by the HW timer interrupt. The flow chart of the VM procedure implemented onboard is reported in
figure 3.2-24.

During the measurement, depending on the configuration parameters, several HRS and WBS packetisations can be
issued.

Num. of WBS packetisations (per polarisation) =
(HIF_N_WBS_START*2) /HIF_N_WBS_INTEGR
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‘ Input parameters consistency check ‘

\ HRS_H/V reset buffero&1 |

‘ HRS_H/V select bufferO ‘

‘ Wait 100msec ‘

Modlulate
| |

‘ Wait WBS delta time HIF_DEL_WBS ‘

‘ Start WBS ‘

- HIF_N_WBS_1 >0

- HIF_N_WBS_TRANS >0

- if HIF_T_ACC_WABS < time spent in HRS loop
then HIF_T_ACC_WBS = time spent in HRS loop

All time parameters are checked and corrected:
T <2ms are changed to 2ms
2ms < T < 5ms are changed to 5ms

- chopper positions are read from TC and passed by
OoBS

HRS_H/V reset current acc. buffer
Wait HRS delta time HIF_DEL_HRS
Start HRS

Wait HIF_T_ACC_HRS integr. time
Stop HRS

Swap HRS_H/V buffers

Start HRS H/V transfer

‘ Wait remaining WBS integration time ‘

\ Stop WBS |

HIF_N_WBS1

Wait 12 msec ‘

- the WBS integration time is HIF_T_ACC_WBS

- the number of HRS starts per WBS integration in this
loop is HIF_R_HRS. It is always =1.

- at the end of the loop 2 WBS accumulation buffers
shall be transferred and stored in the two OBS
integration buffers

- a number of HRS frames equal to (HIF_N_WBS1)/2
should have been acquired in OBS per each HRS
integration buffer

- HIF_N_WABS1 is an extra parameter read from TC
and passed by OBS

} transfer WBSH/V ‘

Modulate ‘

HRS_H/V reset current acc. buffer
Wait HRS delta time

Start HRS

Wait HRS integration time

Stop HRS

Swap HRS_H/V buffers

Start HRS H/V transfer

HIF_N_HRS_TRANS

Wait remaining time up to 900ms

2 WBS H/V?

HIF_N_WBS_START

- during each WBS transfer, a number of HRS frames
equal to ( HIF_N_HRS_TRANS)/2 should have been
acquired in OBS per each HRS integration buffer

- the HRS integration time is HIF_T_ACC_HRS

- At the end of the overall procedure, in case of
coaddition = 1, we expect to obtain:

Number of WBS packetisations per polarisation =
HIF_N_WBS * 2

Number of HRS packetisations per polarisation=
((HIF_N_WBS1+HIF_N_HRS_TRANS)*2)*
HIF_N_WBS

- HIF_N_HRS_TRANS is an extra parameter read from
TC and passed by OBS

Figure 3.2-24, Fast Chop spectroscopy commanding flow diagram
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Num. of HRS packetisations (per polarisation) =
(HIF_N_WBS_START*(HIF_N_WBS1 + 2 * HIF_N_HRS_TRANS))/ HIF_N_HRS_INTEGR

IT IS ASSUMED ONBOARD THAT HIF_R_HRS=1.

The overall duration of the execution of the procedure onboard can be calculated according to :

Tfc = 115 + ((HIF_T_ACC_WBS + HIF_DEL_WBS)*HIF_N_WBS1+
2%(HIF_N_WBS1-1)+12+(900+2)*2))*HIF_N_WBS_START

115msec = measurement initialization time

(900+2)msec = whs transfer time + unlock 1/F= duration of the transfer loops
12msec = delay between the end of t_acc_wbs and the start of the readout

2msec = time to command new chopper position. It is multiplied by
(N_WBS1-1) because the first time this setting is included in the initialization time.

If anew TC is received before Tfc from the reception of the Start Fast Chop Command, the VM procedure will be
stopped and the measurement aborted.

WARNINGS:

1) During the procedure, the data are acquired onboard onto two different integration buffers, swapping between the
two buffers at each new frame received.

The Commanded coadditions (HIF_N_HRS_INTEGR and HIF_H_WBS_INTEGR) are applied to each buffer
separately. This implies that if a coaddition of 5 is requested, at least 10 starts shall be commanded.

2) The above assumption implies that if the total number of commanded starts per each spectrometer is not an even
number and if it is not an even multiple of the requested coaddition, the fast chop command is aborted.

2) In fast chop coadditions are particularly necessary to keep the rate of produced packets compatible with the downlink
datarate. E.g. Use the HRS coaddition to keep the total number of HRS packetisation coming out from the

HIF_N_WBS1 loop compatible with the number of packets that can be downloaded during the loop duration and to
avoid saturating the SD Pool before the transfer loop is started.

3.2.5.5.11.5 Spectroscopy measurement error conditions

The following execution failure detections are implemented, all generating reports (1,8):

ERROR Name Short Mnemonic | Error [Notes
Code
NOK_HS_LIB_WRONG_INPUT_PARAM HSLIB_INPUT_PAR | 0x0916 |[inconsistency between measurement parameters

- coaddition and number of integrations

- total number of WBS starts = 0
EXF_HS_LIB_NO_INSTRU_INVOLVED HSLIB_NO_INSTR 0x0917 [inconsistency between measurement parameters
(spectrometers involved and spectrometers switched
on)

The following error Conditions are foreseen during execution:

ERROR Name Short Mnemonic | Error |Notes Sever

Code ity
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ERR_HS1_FIFOPUT_SD_PKT PUT_SD_PKT 0x0302 [Errorin FIFO PUT. SD packet lost 2
ERR_HS1_FRAME_COMPLETE_FAIL FPUT_FC 0x0303 |Error in FIFO PUT. Completed Frames counter wrong.| 2
ERR_HS1_SCAN_COUNT SC_ZERO 0x0304 [Scan Count equal to zero detected. SD packet lost. 2
ERR_HS1 SD GET_BLOCK SD_GET_FAIL 0x0305 |[Failure in getting a SD packet block from pool. 4
ERR_DATA_HDL_ZERO_DIV ZERO_DIV_0 0x0701 |Division by zero in ifpower calculation 2
ERR_DATA_HDL_FIFOPUT_HK_TM_QUEUE| DATAH_PUT_HKTMQ| 0x0702 [FIFO put on HK TM queue failed in Data Hdl task. IF 2
Power HK packet lost.
ERR_DATA HDL _FIFOPUT SD_TM_QUEUE | PUT_SDTMQ 0x0703 [FIFO put on SD TM queue failed in Data Hdl task 2
ERR_DATA_HDL_GET_STF_POOL_BLOCK STF_GETB 0x0705 Getkblock from Start frames Pool failure (no start frame
ERR_DATA HDL_GET_HK_POOL_BLOCK HKP_GETB 0x0706 E;ict sgck from HK Pool failure (no If power packet 2
produced)
ERR_HS_LIB_QUEUE_FAIL HSLIB_Q 0x0919 |Failure in procedure to execute abort. 2
ERR_HS_LIB_BRING_SAFE_TIMEOUT TIMEOUT 0x0902 |Failure in procedure to execute abort. 2
ERR_RESCK_SD_POOL_OVERFLOW_WARN| SDP_OVF 0x1103 [WARNING. SD Pool Overflow 4

Refer to table 3.2-53 and table 3.2-54 for the error codes of all OBS runtime errors related to task HSO and TMTC

obtained during the measurement.

3.2.5.5.11.6 Spectroscopy Measurements Activity AlDs

The status of the OBS during a measurement can be monitored by looking at the ICU HK.

For all the period in which the variable AID_Spectroscopy is different from zero, the measurement

commanding is going on and no Data Transfer requests are issued to the spectroemters by the hk_ask task. In

these case the spectrometers data are the ones of the last science data frame acquired.
Therefore, when AID Spectroscopy is not 0, the spectrometers data in the nominal HK packet can be
missing, because the science data frame acquisition and the Nominal HK packet preparation are not

synchrounous processes.

If the running measurement is one of the spectroscopy measurement, the VM Running variable shall be

equal to 1.

Mnemonic Code Meaning

REQUIRING HK 0 No operation, only HK

STOPPING_HK 1000 No operaton — wait state

STOPPING_VM 2000 No operaton — wait state
3000

STOPPING_OBS

No operaton — wait state

TC_FUNMAN_SPCTRSM_AID 127

Simulated science

HRS_ATTSETT_ID 18 First step of hrs tune
HRS_ATTSETT2_ID 33 Second step of hrs tune
TUNE_HMIXMAG_ID 21 Mixer magnet hrs tuning
DIP_ SCAN_IF ID 23 Diplexer scan

WBS _ATTSETT ID 19 First step of whs tune
WBS_ATTSETT2 ID 34 Second step of wbs tune
WBS_ATTSETT2 ID 34 Third step of wbs tune
WBS_ATTSETT3 ID 35 Fourth step of wbs tune
TUNE_WMIXMAG ID 22 Mixer magnet wbs tuning
ZSCAN_ID 20 Zero scan
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TC_FUNMAN_SPCTRTP_AID 1 Total power
TC_FUNMAN_SPCTRSC_AID 3 Slow chop
TC_FUNMAN_SPCTRFC_AID 2 Freq. Switch
TC_FUNMAN_SPCTRFS_AID 4 Fast chop
WBS COMB_STEP1 ID 38 Whbs comb step 1
WBS _COMB_STEP2_ID 39 Whbs comb step 2
SPECTROSCOPY_WBS_ZERO _ID |40 Whs zero
PEAKUP_ACQUIRE_HRS 43 Peakup hrs
PEAKUP_ACQUIRE_WBS 44 Peakup whbs

Table 3.2-49 AID_spectroscopy codes

3.2.5.5.12 Perform activity — ICU Internal Activity (FID 16)

The following activities are implemented to execute ICU memory handling procedures:

3.255.12.1 EEPROM Write

The TC to start a EEPROM write procedure is described in RD-15, sect 4.3.14.4.

The TC acceptance report is generated within 500msec from the TC ingestion.

The Procedure copies the OBS image in EEPROM. The image is paginated into pages of 1024 words (32 bits DM
words). Each page has a 7 words header reported below.

Byte #4

Byte #3

Byte #2 Byte #1

PM Data start address pointer (20bits) |

PM Data length (12 bits)

Index of Current Page (16bits)

Total Number of Pages (16bits)

next EEPROM/DM

page pointer (32bits)

Reserved

Boot options Byte Reserved

(8bits)

ASW start address (32bits)

Frame Check sequence of the PM Data (16

Frame Check sequence of EEPROM/DM

bits) Page (16 bits)
0x0000 Frame Check Sequence Overall Program
(CRC16)

Therefore each page can contain up to 1017 32bit words. A maximum of 256 pages can be stored on EEPROM. The
EEPROM is divided into two partitions, to have the possibility to store two copies of the OBS. Each partition can

contain up to 128 pages.
The total number of PM words (48 bit words) storable in one partition is therefore:

128 *1017 *2/3=86784.

This limit give us also the maximum allowed size of the OBS program.

The TC has some parameters:
- the destination EEPROM partition ID (1 or 2)
- the total number of EEPROM pages to avoid (in case of known damaged pages)
- the ids of the pages to avoid.

The overall EEPROM copy procedure can last up to 20 seconds.
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During the procedure, the nominal HK acquisition rate can be altered, due to the execution of a higher
priority task.
For the error conditions and messages refer to section 3.2.5.5.12.7.

3.2.5.5.12.2 ICURESET

The TC to reset the OBS is described in RD-15, sect 4.3.14.5.
The TC acceptance report is generated within 500msec from the TC ingestion.

Upon reception of this TC, the OBS disables all interrupts, executes a DSP reset and jumps to the initial address of the
OBS. Everithing is reinitialised and the OBS restarts providing nominal HK at the default rate of 1 pkt/3sec.

3.2.5.5.12.3 Jump to Boot

The TC to jump to boot is described in RD-15, sect 4.3.14.6.
The TC acceptance report is generated within 500msec from the TC ingestion.

This function implements the warm reset of the ICU. Upon reception of this TC, the OBS disables all interrupts,
restores the Interrupt table of the Boot Software, executes a DSP reset and jumps to the start address of the Boot
Software. As soon as the initial (5,1) event is acquired the operations can be restarted with a Force Boot command.

3.25.5.12.4 Check PM

This command executes the check of the PM memory onboard. The TC to check PM is described in RD-15, sect
4.3.14.7. It contains the start address and the end address of the PM memory area to be checked and the value of the
expected CRC. In case the CRC calculated onboard by the OBS is different from the one in the TC, an execuiton
failure is issued.

For the error conditions and messages refer to section 3.2.5.5.12.7.

3.25.5.125 Copy OBS

The TC to copy the OBS is described in RD-15, sect 4.3.14.8. Its structure is reported below:

Copy OBS :
Type 8, Subtype 4, FID 16, AID 6
Parameters:
16 bit "Direction" 1 copy from Low Memory to High memory
2 copy from High memory to Low memory and reset
32bit "Destination Address" start Address in high memory of the copy area

(Low memory always starts at 0)
32bit "Number of PM words to copy"

The procedure to implement OBS patching onboard is based on the TC copy_OBS Command. It has three parameters:
direction (16 bits), offset (32 bits) and num_of_words (32 bits) and it has two different behaviours based on direction.
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- if direction is 1, it copies from low memory to high memory. Specifically it copies num_of words words of the PM
(starting from location 0) into the PM area starting at offset.

- if direction is 2, it copies from high memory to low memory and issues a hardware reset. Specifically it copies

num_of words words of the PM starting from location offset into the PM area starting at address zero.

The procedure therefore is the following:
1 - issue a Copy OBS with direction 1 to copy the whole OBS in high memory 2 - Patch the copy of OBS in High
memory using Memory Load Service 3 - issue a Copy OBS with direction 2 to copy back the new OBS and restart the

OBS.

3.2.5.5.12.6 Simulated Spectroscopy

The TC to command this function is described in RD-15, sect 4.3.15.
Upon reception of this TC the OBS starts generating Dummy science data for all the 4 spectrometers.
The simualted measurement uses the configure spectroscopy default parameters stored onboard (see 3.2.5.5.11.1).

Therefore a continuous series of HRS and WBS packetisations shall be expected, with WBS 16 bit packetisation format

(see

Table 3.2-51). No IFpower HK packets are provided in this case.

The simulated data are increasing numbers ranging from 0 up to 258; this interval is repeated the number of times
necessary to fill up a complete frame (4128 data for HRS and 8192 data for WBS).

3.2.5.5.12.7 ICU functions error conditions.

The following execution failure conditions are foreseen:

Err. Error ID Onboard Short mnemonic Detected
Num mnemonic runtime
error
0x100a EXF_MEM_EEPROM_WRITE_OVER [EEWRITE_OVF Error during the EEPROM write
FLOW procedure (to copy in EEPROM the full
OBS image).
0x100b EXF_MEM_EEPROM_COPY_FAILED [EECOPY_FAIL Error during the EEPROM write
procedure (to copy in EEPROM the full
OBS image).
0x100c EXF_MEM_EEPROM_WRONG_PAR [EE_PARTIT Error during the EEPROM write 1: requested
TITION procedure: wrong commanded partition partition
ID
0x100d EXF_MEM_EEPROM_WRONG_NUM [EE_NUMPAGES Error during the EEPROM write 1: number of
_BAD_PAGES procedure: wrong commanded number of | pages to avoid
pages to avoid to copy on.
0x100e EXF_MEM_TUNING_QUEUE TQUEUE FIFO put on hs_hdl queue failure during
memory dump or memory check.
0x100f EXF_MEM_COPY_OBS COPY_OBS Failure in the execution of the Copy OBS | 1:return
command. parameter of
the procedure.
Possible values:
1=wrong
number of
words
3=wrong
requested
direction
0x1010 EXF_MEM_CHECK_PM_CRC CK_PM_CRC The check PM command resulted in a 1: obtained
PM CRC different from expected, CRC.
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indicating a possible damage in the PM

memory.
0x1011 EXF_MEM_EEPROM_WRONG_BAD [EE_BADPAGE_ID | Error during the EEPROM write 1: wrong page
_PAGE_ID procedure: one of the IDs of pages to ID.

avoid to copy on is wrong

Refer to 3.2-53 and 3.2-54 for the error codes of all OBS runtime errors obtained during the ICU internal activities.

3.2.5.5.13 Stop activity

Description Type Subt Funct JActiv [RD-15 Action executed onboard
ype ID ID  [section
Housekeeping_off 8 2 3 4.2.1 Stops periodic HK acquisition; see sect.
3.25.2.1.2
Switch off autonomy 8 2 11 4.2.3 Switch off limit checking activities; see sect
3.255.3
HIFI_abort spectroscopy 8 2 11 4.2.3 Aborts the presently running measurement

Upon reception of the HIFI_abort_spectroscopy TC, the presently running spectroscopy measurement is stopped and
the acquired data buffers are reset. The overall procedure can take up to 1 sec starting from the TC acceptance.

The reception of a TC execution failure report if foreseen within 1 sec, referred to the measurement that has been
aborted.

3.25.6 Service Type 9: Time Management

The OBS receives the time from the bus controller which distributes the sync signal every second. This (absolute) time
is stored in an internal variable. When the time information is necessary, the OBS computes the fraction of seconds
elapsed from the last sync signal and adds this quantity to the absolute time. The expected accuracy is of the order of 30
psec. The internal time is driven by the 20MHz clock and stored in a 32 bit register which then wraps around every
about 214 seconds.

3.2.5.6.1 Time verification

The only command accepted for this service is the HIFI_Enable_Time_Verify, Type 9, subtype 7 (with no parameters),
described in RD-15, section 4.4.3.

When this command is received, the OBS reports its time in a HIFI_Time_verification_report (type 9, subtype 9),
described in RD-16 sect. 4.6.2, where the time is written in 48 bits: the first 32 bits are the seconds, while the LSB
contains the fraction of seconds in 1/65536 seconds. Since this time refers to the next sync signal, what the OBS reports
is just the absolute time at the last sync plus 1 second.

The following Execution Failures are foreseen:

ERROR Name Short Mnemonic | Error [Notes
Code
EXF_CMDEX_GET_BLOCK_HK_POOL CMDEX_GET_HKP 0x0630 |(Get block from HK Pool failure: no report generation is




SRON

Netherlands Institute for Space Research

HIFI

VOLUME

HIFI USER MANUAL

1

Doc. no. : SRON-U/HIFI/UM/2004-001
Issue 140

Date : 14 July 2008

Category :

Page : 159 of 295

possible. (applicable to time verification). No command
activity is performed onboard.

NOK_CMDEX_PUT_HK_TM_QUEUE

CMDEX_PUT_HKTMQ

0x062b

FIFO Put on HK TM Queue failure:no possibility to
notify to TMTC that there is a report ready to be
downloaded. (applicable to enable time verification).
The other activities of the command have been already
executed.

3.2.5.7 Service Type 14: Packet Transmission Control

The service is used to enable/disable the transmission of TM packets, either specifying their type/subtype, or including
in the specification also the SID (limiting the transmission control to only one kind of packet belonging to the same
"cathegory", e.g., type 3, subtype 25, SID 271= only the engineering scan reports will be addressed).
The commands accepted for this service are:
1. HIFI_enable_TM: Type 14, subtype 1, see section RD-15, section 4.5.1.
2. HIFI_disable_TM: Type 14, subtype2, see section RD-15, section 4.5.2.
3. HIFI_report_enabled: Type 14, subtype 3, see section RD-15, section 4.5.3.

When this command is received, the OBS disables the transmission of the requested Tm packets, but not their

generation onboard.

In case of the TC 3 in the list above, a variable length HIFI_TM_generation_status_report is issued within 500 msec
from the TC ingestion. The report is described in RD-16, section 4.7.1.

The following TM packets can presently be controlled.

TYPE SUBTYPE SID
TC_VERIFICATION TC_ACCREP_SUCCESS 0
TC_VERIFICATION TC_ACCREP_FAILURE 0
TC_VERIFICATION TC_EXEC_COMPLETED 0
TC_VERIFICATION TC_EXEC_FAILURE 0

HK_DIAG_REPORT

HK_DIAG_SUBTYPE

ESSENTIAL_HK_SID

HK_DIAG_REPORT

HK_DIAG_SUBTYPE

PERIODIC_HK_SID

HK_DIAG_REPORT

HK_DIAG_SUBTYPE

NON_PER_LCU HK_SID

HK_DIAG_REPORT

HK_DIAG_SUBTYPE

NON_PER _LCU MEM SID1

HK_DIAG_REPORT

HK_DIAG_SUBTYPE

NON_PER _LCU MEM SID2

HK_DIAG_REPORT

HK_DIAG_SUBTYPE

NON_PER _FCU_HK_SID

HK_DIAG_REPORT HK_DIAG_SUBTYPE HRSH_IF1_SID
HK_DIAG_REPORT HK_DIAG_SUBTYPE HRSH_IF2_SID
HK_DIAG_REPORT HK_DIAG_SUBTYPE HRSV_IF1 SID
HK_DIAG_REPORT HK_DIAG_SUBTYPE HRSV_IF2_SID
HK_DIAG_REPORT HK_DIAG_SUBTYPE WBSH_IF1_SID
HK_DIAG_REPORT HK_DIAG_SUBTYPE WBSH_IF2_SID
HK_DIAG_REPORT HK_DIAG_SUBTYPE WBSV_IF1_SID
HK_DIAG_REPORT HK_DIAG_SUBTYPE WBSV_IF2_SID
EVENT_REPORT EVENT_EVENT REPORT PEAKUP_EVID

EVENT_REPORT

EVENT_EXCEP_REPORT

HIFI_READY_EVID

EVENT_REPORT

EVENT_ALARM_REPORT

PM_TEST EVID

EVENT_REPORT

EVENT_ALARM_REPORT

DATA_MEMORY_EVID

EVENT_REPORT

EVENT_ALARM_REPORT

EEPROM_EVID

EVENT_REPORT

EVENT_ALARM_REPORT

TC_ERROR_EVID

EVENT_REPORT

EVENT_ALARM_REPORT

LOAD_EEPROM__EVID

EVENT_REPORT

EVENT_ALARM_REPORT

LOAD_DM_EVID

EVENT_REPORT

EVENT_ALARM_REPORT

BOOT _ERROR_EVID
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EVENT REPORT EVENT _ALARM REPORT RUNTIME_ERROR_EVID
EVENT REPORT EVENT _ALARM REPORT AUTONOMY_ EVID
MEMORY_MANAGEME MEMORY_DUMP_REPORT 0

NT
MEMORY_MANAGEME MEMORY_CHECK_REPORT 0
NT

FUNC_STATUS_REPORT FUNC_STATUS _SUBTYPE VECSCAN_NOMIN_REP _FID_AID
FUNC_STATUS_REPORT FUNC_STATUS _SUBTYPE VECSCAN_DIAGN_REP_FID_AID
FUNC_STATUS_REPORT FUNC_STATUS _SUBTYPE CONF_FCU_REPORT
FUNC_STATUS_REPORT FUNC_STATUS _SUBTYPE CONF_HRSH_ATT LO_REP
FUNC_STATUS_REPORT FUNC_STATUS _SUBTYPE CONF_HRSH BLOCKS REP
FUNC_STATUS_REPORT FUNC_STATUS SUBTYPE CONF_HRSV_ATT LO_REP
FUNC_STATUS_REPORT FUNC_STATUS SUBTYPE CONF_HRSV_BLOCKS REP
FUNC_STATUS_REPORT FUNC_STATUS SUBTYPE CONF_WBSH_REP
FUNC_STATUS_REPORT FUNC_STATUS SUBTYPE CONF_WBSV_REP
FUNC_STATUS_REPORT FUNC_STATUS SUBTYPE CONF_LCU_REP
FUNC_STATUS_REPORT FUNC_STATUS _SUBTYPE CONF_SPECTROSCOPY_REP
FUNC_STATUS_REPORT FUNC_STATUS_SUBTYPE CONF_SPECTROSCOPY_NEW_RE

P
FUNC_STATUS_REPORT FUNC_STATUS _SUBTYPE SPEC_SLOW_CHOP_REP
FUNC_STATUS _REPORT FUNC_STATUS _SUBTYPE SINGLE_CMD_REP
FUNC_STATUS _REPORT FUNC_STATUS _SUBTYPE CH1 DHTR_C_REP
FUNC_STATUS_REPORT FUNC_STATUS _SUBTYPE CV1 DHTR_C_REP
FUNC_STATUS_REPORT FUNC_STATUS _SUBTYPE HL_SWITCH_ON_REP
FUNC_STATUS_REPORT FUNC_STATUS _SUBTYPE CONF_FCU_REPORT_NEW
FUNC_STATUS_REPORT FUNC_STATUS _SUBTYPE CONF_FCU_POW_REPORT_NEW
FUNC_STATUS_REPORT FUNC_STATUS _SUBTYPE CONF_HRSH_ATT LO_REP_NEW
FUNC_STATUS_REPORT FUNC_STATUS _SUBTYPE CONF_HRSH _BLOCKS REP_NEW
FUNC_STATUS_REPORT FUNC_STATUS _SUBTYPE CONF_HRSV_ATT _LO_REP_NEW
FUNC_STATUS_REPORT FUNC_STATUS _SUBTYPE CONF_HRSV_BLOCKS REP_NEW
FUNC_STATUS_REPORT FUNC_STATUS _SUBTYPE CONF_WBSH_ REP_NEW
FUNC_STATUS_REPORT FUNC_STATUS _SUBTYPE CONF_WBSV_REP_NEW
FUNC_STATUS_REPORT FUNC_STATUS _SUBTYPE CONF_LCU 1A REP
FUNC_STATUS REPORT FUNC_STATUS SUBTYPE CONF_LCU_1B REP
FUNC_STATUS REPORT FUNC_STATUS SUBTYPE CONF_LCU 2A REP
FUNC_STATUS REPORT FUNC_STATUS SUBTYPE CONF_LCU 2B REP
FUNC_STATUS REPORT FUNC_STATUS SUBTYPE CONF_LCU_3A REP
FUNC_STATUS REPORT FUNC_STATUS SUBTYPE CONF_LCU_3B_REP
FUNC_STATUS REPORT FUNC_STATUS SUBTYPE CONF_LCU 4A REP
FUNC_STATUS REPORT FUNC_STATUS SUBTYPE CONF_LCU 4B _REP
FUNC_STATUS REPORT FUNC_STATUS SUBTYPE CONF_LCU 5A REP
FUNC_STATUS REPORT FUNC_STATUS SUBTYPE CONF_LCU 5B REP
FUNC_STATUS REPORT FUNC_STATUS SUBTYPE CONF_LCU_6A REP
FUNC_STATUS REPORT FUNC_STATUS SUBTYPE CONF_LCU 6B _REP
FUNC_STATUS REPORT FUNC_STATUS SUBTYPE CONF_LCU_7A REP
FUNC_STATUS REPORT FUNC_STATUS SUBTYPE CONF_LCU_7B_REP
FUNC_STATUS REPORT FUNC_STATUS SUBTYPE CONF_LCU_NOMIN_REP
FUNC_STATUS REPORT FUNC_STATUS SUBTYPE CONF_LCU_DIAGN_REP
FUNC_STATUS REPORT FUNC_STATUS SUBTYPE CONF_LCU TABLES REP
TIME_MANAGEMENT CENTRAL_TIME_REF 0
TIME_MANAGEMENT TIME_VERIFICATION 0
PACKET_TX CONTROL PACKET_GEN_REPORT 0
TEST_SERVICE LINK_CONNECT_REPORT 0
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SCIENCE_DATA

SCIENCE_DATA_SUBTYPE

START_HRSH1 SID

SCIENCE_DATA

SCIENCE_DATA_SUBTYPE

START_HRSH2_SID

SCIENCE_DATA

SCIENCE_DATA_SUBTYPE

START_HRSVL1 SID

SCIENCE_DATA

SCIENCE_DATA_SUBTYPE

START_HRSV2_SID

SCIENCE_DATA

SCIENCE_DATA_SUBTYPE

START_WBSH1_SID

SCIENCE_DATA

SCIENCE_DATA_SUBTYPE

START_WBSH2_SID

SCIENCE_DATA

SCIENCE_DATA_SUBTYPE

START_WBSV1 SID

SCIENCE_DATA

SCIENCE_DATA_SUBTYPE

START WBSV2 SID

SCIENCE_DATA

SCIENCE_DATA_SUBTYPE

WBSH1 16BIT_SID

SCIENCE_DATA

SCIENCE_DATA_SUBTYPE

WBSH2_16BIT_SID

SCIENCE_DATA

SCIENCE_DATA_SUBTYPE

WBSV1 16BIT SID

SCIENCE_DATA

SCIENCE_DATA_SUBTYPE

WBSV2_16BIT SID

SCIENCE_DATA

SCIENCE_DATA_SUBTYPE

HRSH1 24BIT_SID

SCIENCE_DATA

SCIENCE_DATA_SUBTYPE

HRSH2 24BIT_SID

SCIENCE_DATA

SCIENCE_DATA_SUBTYPE

HRSV1 24BIT_SID

SCIENCE_DATA

SCIENCE_DATA_SUBTYPE

HRSV2 24BIT_SID

SCIENCE_DATA

SCIENCE_DATA_SUBTYPE

WBSH1 24BIT_SID

SCIENCE_DATA

SCIENCE_DATA_SUBTYPE

WBSH2_24BIT SID

SCIENCE_DATA

SCIENCE_DATA_SUBTYPE

WBSV1 24BIT SID

SCIENCE_DATA

SCIENCE_DATA_SUBTYPE

WBSV2 24BIT SID

HK_DIAG_REPORT

HK_DIAG_SUBTYPE

FCU_PAR_SCAN_REP

HK_DIAG_REPORT

HK_DIAG_SUBTYPE

FCU_PAR SCAN_IF_REP

HK_DIAG_REPORT

HK_DIAG_SUBTYPE

LCU_IV_CURVE _REP

HK_DIAG_REPORT

HK_DIAG_SUBTYPE

ENG_SCAN_REP

HK_DIAG_REPORT

HK_DIAG_SUBTYPE

HRS_H_TUNE_REP

HK_DIAG_REPORT

HK_DIAG_SUBTYPE

HRS_V_TUNE_REP

HK_DIAG_REPORT

HK_DIAG_SUBTYPE

WBS_H_TUNE_REP

HK_DIAG_REPORT

HK_DIAG_SUBTYPE

WBS_V_TUNE_REP

HK_DIAG_REPORT

HK_DIAG_SUBTYPE

MIX_MAG_HRS_REP

HK_DIAG_REPORT

HK_DIAG_SUBTYPE

MIX_MAG_WBS_REP

HK_DIAG_REPORT

HK_DIAG_SUBTYPE

VEC_SCAN_REP_SID

HK_DIAG_REPORT

HK_DIAG_SUBTYPE

PEAKUP_ACQUIRE_REP_SID

HK_DIAG_REPORT

HK_DIAG_SUBTYPE

PEAKUP_CHOP_COR_REP_SID

HK_DIAG_REPORT

HK_DIAG_SUBTYPE

PEAKUP_AOCS_COR_REP_SID

3.2.5.8 Service Type 17: Test command

The only command accepted for this service is the HFI_connection_test Type 17, subtype 1 (with no parameters), see

section RD-15, section 4.6.1.

The purpose of the command is to test the presence of the link connection between ground and the instrument.

: SRON-U/HIFI/UM/2004-001

When this command is received, the OBS issues a HIFI_Connection_Report ,Type 17, subtype 2 (with no parameters),

described in RD-16, section 4.8.1.

The following Execution Failures are foreseen:

ERROR Name

Short Mnemonic

Error
Code

Notes

NOK_CMDEX_GET_EV_POOL

CMDEX_GET_EVP

0x0629

Get block from Ev Pool failure: no report generation is
possible. (applicable to connection test e pkt enable).

No command activity is performed onboard.
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NOK_CMDEX_PUT_EV_TM_QUEUE

CMDEX_PUT_EVQ

0x062a

already executed.

FIFO Put on EV TM Queue failure:no possibility to
notify to TMTC that there is a report ready to be
downloaded. (applicable to connection test e pkt
enable). The other activities of the command have been

3.2.5.9

3.259.1

Service Type 21: Science Data Reporting

Diagnostic data reporting: scan and tune reports

Starting from OBS version 4.3, due to the request in SCR 929, the type/subtype of the diagnostic science
reports has been changed to type=3, subtype =25, the same as the HK packets. The APID is 1026.
The following table give the references for the RD-16 document section in which the diagnostic packets are

described.
Description Type Subty | SID RD-16 Report content
pe section
FCU parameter scan 3 25 266 4.10.1.2 It is a variable length report,
depending on the
commanded number of steps
in the procedure. For each
step some of the parameters
are reported as they have
been received from
subsystems.
Diplexer scan report with IF power 3 25 258 4.10.1.3 TBW
Diplexer scan report without IF | 3 25 270 4.10.14 TBW
power
LCU IV curve 3 25 259 4.10.1.5 TBW
HRS_H tune report 3 25 260 4.10.1.6 TBW
HRS_V tune report 3 25 261 4.10.1.7 TBW
WBS_H tune report 3 25 262 4.10.1.8 TBW
WBS_V tune report 3 25 263 4.10.1.9 TBW
mixMagnetCurrent_useHRS report 3 25 267 4.10.1.10 It is a variable length report,
depending on the
commanded number of steps
in the procedure. For each
step aprt of the parameters
are reported as they have
been received from
subsystems.
mixMagnetCurrent_useWBS report | 3 25 268 4.10.1.11 It is a variable length report,
depending on the
commanded number of steps
in the procedure. For each
step aprt of the parameters
are reported as they have
been received from
subsystems
Vector scan report 3 25 273 + 4.10.1.12 It is a variable length report
channel (see also SCR | containing the results of the
number as | 955) vector scan activity.
extracted
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from the
TC.
Engineering scan report 3 25 271 4.10.1.14 It is a variable length report

containing the results of the
engineering scan activity.

Table 3.2-50 - Diagnostic packets

3.2.5.9.2 Science data reporting: HRS and WBS data packets

The data contained in the Integration Buffers are packed in Frames. In OBS 2 Integration Buffers per each
spectrometer, per each polarization, are foreseen, to be used in case of Slow Chop, Frequency Switch and Fast Chop
measurements.

The Structure-1D (SID) defines from which Integration Buffer and from which Spectrometer the data originates (The
integration buffer is an array inside the ICU).

Each frame consists of a Start Science Dataframe packet followed by a certain number of Science Data Report Packets.
The following table give the references for the RD-16 document section in which the Science Data packets are
described.

Description Type Subty | SID APID |RD-16
pe section
HIFI_HRS_H1_start 21 1 1 1028 4.9.3
HIFI_HRS_H2_start 21 1 2 1028 4.9.3
HIFI_HRS_V1_start 21 1 3 1029 493
HIFI_HRS_V2_start 21 1 4 1029 493
HIFI_HRS_H1_science24 21 1 17 1028 495.1
HIFI_HRS_H2_science24 21 1 18 1028 4951
HIFI_HRS_V1_science24 21 1 19 1029 4951
HIFI_HRS_V2_science24 21 1 20 1029 4951
HIFI_WBS_H1_start 21 1 5 1030 494
HIFI_WBS_H2_start 21 1 5 1030 494
HIFI_WBS_V1_start 21 1 7 1031 494
HIFI_WBS_V2_start 21 1 7 1031 494
HIFI_WBS_H1_sciencel6 21 1 13 1030 4952
HIFI_WBS_H2_sciencel6 21 1 14 1030 4952
HIFI_WBS_V1_sciencel6 21 1 15 1031 4952
HIFI_WBS_V2_sciencel6 21 1 16 1031 4952
HIFI_WBS_H1_science24 21 1 21 1030 4951
HIFI_WBS_H2_science24 21 1 22 1030 4951
HIFI_WBS_V1_science24 21 1 23 1031 4951
HIFI_WBS_V2_science24 21 1 24 1031 4951

Table 3.2-51 - Science Data Reports

3.25.9.2.1 HRS science data packets.
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The following notes are applicable:

1) Each sub-block (258 pixels) of the data frame provided by each spectrometer is packetised into one packet. This
means that a full packetisation is made by 1 HRS start science dataframe + 16 HRS science data reports.

The range selection is a selection of the sub-blocks to be downloaded. The following rule is applied onboard
to decode the HRS range selection word:

Select = 0x1 (00000001) Block 8 1is selected (both subblocks)
Select = 0x2 (00000010) Block 7 1is selected (both subblocks)
Select = 0x4 (00000100) Block 6 1is selected (both subblocks)
Select = 0x8 (00001000) Block 5 is selected (both subblocks)
Select = 0x10(00010000) Block 4 is selected (both subblocks)
Select = 0x20(00100000) Block 3 is selected (both subblocks)
Select = 0x40(01000000) Block 2 is selected (both subblocks)
Select = 0x80(10000000) Block 1 is selected (both subblocks)

The number of packets to be downloaded depends on the number of selected subblocks.
HRS data are always packetised as 24 bit data.

2) The commanded coaddition (HIF_N_HRS_INTEGR parameter in the HIFI_Configure_Spectrosopy TC) is applied
to all interested Integration Buffers onboard. The first pixel of each sub-block (Configuration pixel) is never
coadded.

3) The commanded right shift (HIF_HRS_RSHIFT parameter in the HIFI_Configure_Spectrosopy TC) is never
applied to the first pixel of each sub-block (Configuration pixel).

4) Unless explicitly requested with a dedicated TC (See section 3.2.5.7), an IF Power HK packet is provided per each
packetisation, containing the sub-blocks IF Powers obtained with the packetised frame. The IF Power calculation is
made on the coadded/rightshifted data. The HRS IF Power is calculated according to the algorithm described in
section 3.2.5.2.3.

The following table lists the index of the first channel reported in a nominal HRS science data packet.

Packet Block # First ch.

# HEX DEC
1 Block 8 GaAs1 0x0000 0
2 Block 8 GaAs2 0x0102 258
3 Block 7 GaAsl 0x0204 516
4 Block 7 GaAs2 0x0306 774
5 Block 6 GaAsl 0x0408 1032
6 Block 6 GaAs2 0x050A 1290
7 Block 5 GaAs1 0x060C 1548
8 Block 5 GaAs?2 0x070E 1806
9 Block 4 GaAsl 0x0810 2064
10 Block 4 GaAs2 0x0912 2322
11 Block 3 GaAsl1 0x0A14 2580
12 Block 3 GaAs2 0x0B16 2838
13 Block 2 GaAsl 0x0C18 3096
14 Block 2 GaAs?2 Ox0D1A 3354
15 Block 1 GaAsl OxO0E1C 3612
16 Block 1 GaAs2 OxOF1E 3870
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Table 3.2-52 — HRS first channels reported in science data packets

3.2.5.9.2.2 WABS science data packets.

The following notes are applicable:

1) Each CCD (2048 channels maximum) is packetised separately. No CCD concatenation is foreseen. A variable
number of packets per CCD is allowed.

2) The total number of packets depends on the range selection and is given by the sum of the packets necessary to
packetise the selected data of each CCD.

3) The total number of packets depends on the selected packetisation (16 or 24 bits packing). In case of 16 bit packing
a maximum of 494 data per packet is allowed, in case of 24 bits packing the maximum number of data is 328.
4) This means that, in case of full range selected (2028 data/CCD, 4 CCDs), the following number of packets are
expected:
— WBS (1 polarization) 16 bit packing:
1 IF Power HK packet
1 start frame SD packet
20 Science data packets, 5 packets per CCD (4 full length + 1 short packet);

— WABS (1 polarization) 24 bit packing:
1 IF Power HK packet
1 start frame SD packet
28 Science data packets, 7 packets per CCD (6 full length + 1 short packet);

If all spectrometers are ON (included HRS), the total number of packets expected is:
a) (22+18)*2 = 80packets/packetisation (in case of WBS 16bit data)
b) (30+18)*2 = 96packets/packetisation (in case of WBS 24bit data);

The range selection allows to select 4 ranges of contiguous channels. For each range the first pixel absolute
coordinate and the number of pixels in the range shall be specified ( See section 3.2.5.5.11.1).

The WBS data frame is stored onboard as a contiguous array of 8192 data. The absolute coordinates of the
pixels belonging to each CCD are reported below:

0 - 2047 CCD1

2048 — 4095 CCD2

4096 — 6143 CCD3

6144 - 8191 CCD 4

There is no check on the positioning of the 4 selected ranges in the array. This means that in principle more
than one range belonging to the same CCD can be selected, as well as a range containing data in the
overlapping region between two CCDs.

5) The commanded coaddition (HIF_N_WBS_INTEGR parameter in the HIFI_Configure_Spectrosopy TC) is applied
to all interested Integration Buffers onboard.

6) The commanded right shift (HIF_WBS_RSHIFT parameter in the HIFI_Configure_Spectrosopy TC) is never
applied to the first 4 pixels of each sub-block (dark current pixels).

7) Unless explicitly requested with a dedicated TC (See section 3.2.5.7), Per each packetisation an IF Power HK
packet is provided, containing the IF Powers obtained for the packetised frame. The IF Power calculation is made
on the coadded/rightshifted data. The WBS IF Power is calculated according to the algorithm described in section
3.25.2.3.
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3.2.5.10 OBS Error Codes

ERROR Name Short Mnemonic | Error [Notes Sever
Code ity
NOK_CMDSEQ_LENGTH_SECOND_CK INV_NUM_PAR 0x0010 |[Wrong number of TC parameters. 1
ERR_HS0_FOUND_NOBLOCK NOBLOCK_0 0x0100 |Debug: No Blocks found in HW FIFOs 1
ERR_HSO_HSFLUSH_FOUND_NOBLOCK NOBLOCK_1 0x0101 |No Blocks found in HW FIFOs. It is an indication that 4
there was a problem in receiving the data from the
spectrometers at the end of a measurement.
ERR_HSO_FIFOPUT_FRAME_QUEUE FRAME_QUEUE 0x0102 |FIFO put on FRAME queue failed in HSO task: 2
problem is transmitting an already aqcuired frame from
the task hsO to the task hsl. The frame is lost.
ERR_HS0_FRAME_POOL_ID POOL_ID 0x0103 |Invalid FIFO Id in the procedure to deliver the acquired| 2
frame to HS1. No frame delivered. Frame is lost.
1 parameter: FIDO ID.
ERR_HS0_FIFO_HALF_FULL FIFO_HF 0x0104 |Warning in HS Flush task. It was triggered even in case| 2
of interrupt pending. The HW interrupt is served and
teh task is rescheduled.
ERR_HS0_FIFO_NOT_EMPTY FIFO_NE 0x0105 |Warning in HS Flush task. Ther are still data present in 2
the FIFO after all expected data have been read.
Possible misalignments in the following frames data.
ERR_HSO_FIFO_OVFL FIFO_OVFL 0x0106 |FIFO FULL signal detected. Spectrometer data lost 4
ERR_HSO0_TS_FIFO_VOID TS_FIFO_EMPTY 0x0107 [Time Stamps FIFO Empty 4
ERR_HSO_TS_FIFO_FULL TS_FIFO_FULL 0x0108 [Time Stamps FIFO Full 4
ERR_HSO_TS POOL_FULL TS_POOL_EMPTY 0x0109 [Time Stamps Pool Empty 4
ERR_HSO_TS POOL_ERR TS _POOL_FULL 0x010A [Time Stamps Pool Full 4
ERR_HIFI_POOL_FULL HIFP_FULL 0x0200 [HIFI pool get failed in HSO task 2
ERR_HIFI_POOL_ID HIFP_ID 0x0201 |[Wrong HIFI Pool ID in HS0/1 task 2
1 parameter: Pool ID
ERR_HIFI_POOL_BLOCK_NUMBER HIFP_BLOCK 0x0202 |[Wrong block number in get/free block operations on 2
HIF Pool
ERR_HS1_SPECT_AID INV_AID 0x0300 |Invalid AID spectroscopy in HS1 task.. 2
ERR_HS1 FIFOPUT SD PKT PUT SD_PKT 0x0302 [Error in FIFO PUT. SD packet lost 2
ERR_HS1_FRAME_COMPLETE_FAIL FPUT_FC 0x0303 |Error in FIFO PUT. Completed Frames counter wrong. 2
ERR_HS1_SCAN_COUNT SC_ZERO 0x0304 [Scan Count equal to zero detected. SD packet lost. 2
ERR_HS1 SD_GET_BLOCK SD_GET_FAIL 0x0305 |[Failure in getting a SD packet block from pool. 4
ERR_HK_ASK_FIFOPUT HK_TM_QUEUE HKASK_PUT HKTMQ| 0x0400 [FIFO put on HK TM queue failed: the Hk packet is 2
lost.
ERR_HK_ASK_GET_BLOCK_HKPOOL_FULL| HKPOOL_FULL 0x0402 |No Blocks available on Hk Pool. 2
ERR_HK_ASK_SWERR HKASK_SWERR 0x0403 |Error in the parameters to execute limit checking.
1- 1 parameter. Unespected FCU HK table length
ERR_HK_ASK_PKT_NO HKASK_PKTNO 0x0405 |Unespected number of nominal HK parameters 2
ERR_HK_ASK_INTERNAL_ERROR HKASK_INTERR 0x040A |Unespected number of nominal/periodic FCU HK. 2
ERR_HK_ASK_LS HRS REQUEST HKASK_HRSREQ 0x040C [FIFO put on LS HP queue failed for HRS data transfer | 2
cmd.
ERR_HK_ASK_FIFOPUT_LS_HP_QUEUE HKASK_LSQUEUE 0x040E [FIFO put on LS HP queue failed for LCU HK request 2
ERR_LS QUEUES_EMPTY LSQ _EMPTY 0x0500 |FIFO get failed on both LS high priority and low 2
priority queues
ERR_LS_FIFOPUT_HP_QUEUE LSLPQ 0x0502 [FIFO put on LS high priority queue failed 1
ERR_LS FIFOPUT_LP_QUEUE LSHPQ 0x0503 |FIFO put on LS low priority queue failed 1
ERR_LS TRX_REG_BUSY TRX_BUSY 0x0504 [TX Busy bit asserted on LS I/F register 1
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ERR_LS_INCORRECT_WORD

LS_BAD_WORD 0x0505

'The cmd/hk request to be transmitted via the Low
Speed I/F is not correct

ERR_LS_FIFOPUT_LS_HDL_QUEUE

LS_LSHDL Q 0x0506

Error in transmitting end of transaction message (LCU
IV Curve) Report not transmitted. Measurement not
fully executed.

ERR_LS_FIFOPUT_HS_HDL_QUEUE

LS_HSHDL_Q 0x0507

Error in transmitting end of transaction message
(Engineering Scan) Report not transmitted.
Measurement not fully executed

ERR_CMDEX_TRX_CTRL_INVALID_TYPE

PKT_TYPE 0x0601

Packet transmission control command: invalid
commanded type

ERR_CMDEX_TRX_CTRL_INVALID_SUBTY
PE

PKT_SUBTYPE 0x0602

Packet transmission control command: invalid
commanded subtype

ERR_CMDEX_TRX_CTRL_INVALID_PID PKT_ID 0x0603 |Packet transmission control command: invalid
commanded packet ID

ERR_CMDSEQ_TC_ACCEP TCACC_ERR 0x0610 |Failure in the Telecommand acceptance procedure.
Problems in enqueuing the TC acc. failure report.
[The TC is not executed.

ERR_CMDEX_PUT_HS HDL_QUEUE CMD_EX_PUT 0x062d |Failure in putting start Abort message.

ERR_DATA _HDL_ZERO DIV ZERO DIV 0 0x0701 [Division by zero

ERR_DATA HDL_FIFOPUT_HK_TM_QUEUE| DATAH_PUT HKTMQ 0x0702 |FIFO put on HK TM queue failed in Data Hdl task. IF
Power HK packet lost.

ERR_DATA HDL_FIFOPUT_SD_TM_QUEUE | PUT SDTMQ 0x0703 [FIFO put on SD TM queue failed in Data Hdl task

ERR_DATA HDL_FIFO_ID FIFO_ID 0x0704 [Invalid FIFO ID in DATA_HDL task

ERR_DATA HDL_GET_STF_POOL_BLOCK STF_GETB 0x0705 |Get block from Start frames Pool failure (no start frame
packet)

ERR_DATA HDL_GET_HK_POOL_BLOCK HKP_GETB 0x0706 |Get block from HK Pool failure (no If power packet
produced)

ERR_DATA _HDL_INVALID_MEAS_ID WRONG_AID 0x0707 |Not Valid AID spectroscopy in Data Handler

ERR_DATA _HDL_HRS_DURATION_NULL DHDL_HRS_DIVO0_1 0x0709 |Division by zero error in HRS Ifpower calculation.

ERR_DATA_HDL_IFP_OVFL DHDL_HRS_IFPOVFL | 0x070B |HRS Ifpower calculation: max range of 16 bit

W exceeded.
ERR_DATA_HDL_IDX_OVFL DHDL_WBS_RANGE | 0x070C |WBS range selection incompatible with max number of
OO0L \WBS pixels

ERR_HS_HDL_WRONG_SPECT_AID WSPEC_AID 0x0800 |Current value of AID spectroscopy different from the

one necessary to the running function
ERR_HS_HDL_MIXMAG_STEPS MMAG_STEPS 0x0802 |Mixer magnet tuning: mixer magnet total number of

steps exceeded

1 parameter: total number of steps
ERR_HS_HDL_OPERATION_ID HSHDL_OPID 0x0803 |Invalid selected operation ID in HS_HDL task
ERR_HS _HDL_FIFO_0_OOL FIFO_0_OOL 0x0805 |Unespected number of Fifo 0 pending frames:

1 parameter: number of pending frames
ERR_HS_HDL_FIFO_1_OOL FIFO_1_OOL 0x0806 |Unespected number of Fifo 1 pending frames

1 parameter: number of pending frames
ERR_HS_HDL_FIFO_2_OOL FIFO_2_OOL 0x0807 |Unespected number of Fifo 2 pending frames

1 parameter: number of pending frames
ERR_HS_HDL_FIFO_3 OOL FIFO_3 OOL 0x0808 |Unespected number of Fifo 3 pending frames

1 parameter: number of pending frames
ERR_HS_HDL_PUT_HS HDL_QUEUE HSHDL_FPUT 0x0812 |FIFO put on HS HDL queue failure: it is referred to the

message for commanding the start of the abort

procedure. SEVERE. The measurement shall be

aborted, but the abort will not start.
ERR_HS_LIB_INVALID_SPECTR_ID INV_SPEC_ID 0x0900 |Inavlid ID to initialise the spectroscopy table necessary

to execute a tuning procedure. The procedure will be
started with the deafult table

ERR_HS_LIB_FIFOPUT_HK_TM_QUEUE

HK_TM_QUEUE_2 0x0901

FIFO put on HK TM queue failed in HS_HDL task.
[Tune reports lost.

ERR_HS_LIB_BRING_SAFE_TIMEOUT

HSLIB_SAFETIMOUT | 0x0902

IThe procedure to check if HS is in a safe status before
starting a new activity failed in getting the status within
3secs. An error report is generated and the new activity
is started.

ERR_HS_LIB_ZERO_DIV

ZERO_DIV 0x0904

Division by zero in HS library function
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ERR_HS _LIB_WRONG_SPECT_AID WSPECT_AID 0x0918 |Inconsistency between current and espected AID 2
spectroscopy

ERR_HS_LIB_QUEUE_FAIL HSLIB_HSHDL_Q 0x0919 |HS_HDL queue handling failure. A message to execute| 2
the next step of the measurements has not been
enqueued.

ERR_HS LIB_ERROR_LS HP_QUEUE HSLIB_LSHP_Q 0x0927 |LS high priority queue handling failure. The tuned 2
parameters have not been commanded.

ERR_HS LIB_GET_HK_POOL_BLOCK HSLIB_HKPBLK 0x0928 |Get block from HK Pool failure. Tuning has been 2
executed but the tune report will not be genefated.

ERR_HS LIB_AID_SPECTR_CHANGED HSLIB_WAIDSP 0x0929 |Inconsistency between current and espected AID 2
spectroscopy in measurement preparation.
1 parameter: AID spectroscopy

ERR_HS _LIB_NUMERICAL_OVFL HSLIB_NUM_OVF 0x0930 |[Error in WBS tuning procedure. Correction factor <0. 2

ERR_HS_LIB_AID_STOPPING_VM HSLIB_WAIDSP2 0x0931 |Inconsistency between current and espected AID 2
spectroscopy in LS measurement preparation.

ERR_HS LIB_ATTEN_ZERO ATTEN_ZERO 0x0932 [Error in WBS tuning procedure. Attenuation factor 2
equal to 0. Correction factor not divided by atten

ERR_HS LIB_HRS DURATION_NULL HSLIB_HRS _DIVO_1 | 0x0941 [Division by zero error in HRS Ifpower calculation. 2

ERR_HS_LIB_HRS_COADD_NULL HSLIB_HRS_DIVO0_2 | 0x0942 [Division by zero error in HRS Ifpower calculation. 2

ERR_HS_LIB_SUBSYSID HSLIB_HRS_WID 0x0944 |Before starting the HRS tuning, a worng subsystem ID 2
was passed to the procedure for saving the instrument
status.

ERR_HS LIB_FAILED_TO_RESTORE HSLIB_HRSRESTORE | 0x0945 |At teh end of HRS tuning: error in restoring resulution 2
mode.

ERR_MEM_FIFOPUT_HK_TM_QUEUE MEM_PUT_HKTMQ | 0x1005 [FIFO put on HK TM queue failed in Memory 2
management task. Dump/check report lost.

ERR_MEM_DATA_OVFL MEM_DATAOVFL 0x1006 |Failure in memory manager initialisation. 2

ERR_MEM_FIFOPUT_SD_PKT_QUEUE MEM_SD_PKT_Q 0x1009 |FIFO put onSD TM queue failed in Memory 2
management task.

ERR_MEM_INTERNAL MEM_internal 0x1016 (error in generating memory dump report: a wrong 2
RAM type has been detected.

ERR_RESCK_DM_FAIL DM_FAIL 0x1100 |Failure in check DM routine: 4
1 32bit parameter: damaged memory cell address

ERR_RESCK_DM_WRAP DM_WRAP 0x1101 |Debug message to check correct wraparound of 1
memory addresses in check DM routine

ERR_RESCK_TC_POOL_OVERFLOW_WARN| TCP_OVF 0x1102 [WARNING. TC Pool Overflow 1

ERR_RESCK_SD_POOL_OVERFLOW_WARN| SDP_OVF 0x1103 [WARNING. SD Pool Overflow 4

ERR_RESCK_HK_POOL_OVERFLOW_WARN| HKP_OVF 0x1104 [WARNING. HK Pool Overflow 4

ERR_RESCK_HK_POOL_OVERFLOW_ERR HKP_OVF_0 0x1105 [ERROR. Not recoverable HK Pool Overflow. 4

ERR_RESCK_DM_CK_STOPPED RESCHK_DMCHK 0x1106 |[ERROR. DM check activity suspended because of too 4
many memory faults.

ERR_ERR HDL _GET HK_POOL_BLOCK ERRHDL_GET HKB | 0x1301 [Get block from HK pool failed duriing a report 2
generation. The report is lost.

ERR_ERR HDL FIFOPUT HK_TM QUEUE | ERRHDL PUT HKQ | 0x1302 [FIFO put error in HK TM queue. duriing a report 2
generation. The report is lost.

ERR_ERR_HDL_SUPPRESSING_EVENTS ERRHDL_EVQUEUE | 0x1303 |Event queue overflow. Event generation suspended 2
until overflow is recovered (all messages have been
spooled).

ERR_LS HDL_WRONG_SID LSHDL_SIDERR 0x2015 |[Error in ISD of Load Vector scan command 2

ERR_TMTC_TRX_CTRL_PKT_NOT_FOUND | TXC_PKT_NF 0x4000 [Packet transmission control command; combination 2
(type, subtype, pack_id) not found.
3 parameters: received type, subtype, pack_id

ERR_TMTC_INVALID_PACKING_FIELD TMTC_PACK 0x4001 [Invalid SD packing Field. SD packet lost 2

ERR_TMTC_APID_IN_GET_COUNTER TMTC_APID 0x4002 |Failure in getting APID counter. 2

ERR_PF_GET_BLOCK_UNKNOWN_POOLID | PF_GB_FAIL 0x5002 |Error in getting block from memory pool. 2

ERR_PF_REL_BLOCK_UNKNOWN_POOLID | PF_RB_FAIL 0x5003 |[Error in releasing blocks from pool 2

ERR_PF_BLOCK_HANDLING_NOT_EXIST PF_RH_NEX 0x5004  [Error in releasing blocks from pool: block identifier 2

doesn’t exist
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ERR_PF_BLOCK_HANDLING_INIT PF_RH_INIT 0x5005  |Error in pool block initialisation 2
ERR_PF_TOO_MANY_BLOCKS PF_BLOCKS 0x5006 |Debug error in get pool block. Pool occupation 1
monitoring is temporaneously uspended.
ERR_PF_BLOCK_REP PF_BLOCKS_REP 0x5007  |Debug error for reporting info in case of HK pool 1
overflow (1 report per each non-deletable block)

Table 3.2-53, OBS generated event reports for Runtime errors (Event ID = 0xa000)

ERROR Name Short Mnemonic | Error [Notes
Code
EXF_HK_ASK_FIFOPUT_HK_TM_QUEUE HKASK_FPUT 0x0401 |[Execution failure: FIFO put on HK TM queue failed
EXF_HK_ASK_HK_RATE_INDEX_OOL HKASK_NORATE 0x0404 |Exec. Failure: Requested rate not available.
EXF_HK_ASK_SINGLE_HK_LCU_INVALID_| HKASK_LCUSHK 0x0406 |[Exec. Failure: Consistency check of parameters in
DATA LCU_single HK request failed.
EXF_HK_ASK_ERROR_LS_HP_QUEUE HKASK_LSHP_FPUT | 0x0407 [Exec. Failure:FIFO put on LS HP queue failed.
EXF_HK_ASK_LCU_OFF HKASK_LCU_OFF 0x0408 |[Exec. Failure: LCU single Hk not executable because
subsystem is OFF
EXF_HK_ASK_FCU_OFF HKASK_FCU_OFF 0x0409 |[Exec. Failure: LCU single Hk not executable because
subsystem is OFF.
EXF_HK_ASK_MEM_HK_LCU_INVALID_D HKASK_LCUDUMP 0x040B |Exec. Failure: commanded mem dump parameters out
ATA of limits
EXF_HK_ASK_SINGLE_HK_LCU_DBG_MSG| HKASK_LCUDBG 0x040D ([Exec. Failure: internal inconsistency between table
lenghts
EXF_HS1_DELIVER_SD_PKT HS1_SD_LOST 0x0306 |Failure in delivering the packet to DATA HDL. SD
Packet lost
NOK_CMDEX_TRX_CTRL_LENGTH_CHEC CMDEX_LEN_CHK 0x0600 [Packet transmission control command: inconsistency
K between the packet length and the commanded number
of enable/disable operations.
NOK_CMDEX_TRX_CTRL_TC_WRONG_DA | CMDEX_PKT_DATA | 0x0604 [Packet transmission control command: execution

TA

[failure due to wrong application data

EXF_CMDEX_PAR_SCAN_WRONG_STEP_N
UMBER

CMDEX_PSC_STEP

0x0605

IThe calculated total number of steps
(HIF_NVOLTAGE*HIF_NMAGNET) is greater than
the maximum allowed (80)

2 parameters: HIF_NVOLTAGE, HIF NMAGNET.

EXF_CMDEX_PAR_SCAN_WRONG_NVOLT
AGE

CMDEX_PSC_VOLT

0x0606

Type (8,4) FCU parameter scan: execution failure due
to wrong N Voltage

EXF_CMDEX_PUT_LS HDL_QUEUE CMDEX_PUT _LSHQ | 0x062c [Failure in passing data to LS_HDL to start the
requested activity.

EXF_CMDEX_PUT_HS _HDL_QUEUE CMDEX_PUT _HSHQ | 0x062e [Failure in passing data to LS_HDL to start the
requested activity.

EXF_CMDEX_GET_BLOCK_TC_POOL CMDEX_GET_TCPL | 0x062f [Failure in preparing data for LS_HDL to start the
requested activity.

NOK_CMDEX_ILLEGAL_WBS_ACC_TIME CMDEX_WBSTIMW | 0x0626 [Wrong Commanded WBS Time.

NOK_CMDEX_ERROR_LS_HP_QUEUE CMDEX_LSHP_Q 0x0627 |Failure in sending out one of the commanded
configuration parameters.
NOK_CMDEX_NYI_TC_ERR CMDEX_NYI 0x0628 |A not yet implemented functionality has been

requested.

NOK_CMDEX_GET_EV_POOL CMDEX_GET_EVP 0x0629 |(Get block from Ev Pool failure: no report generation is
possible. (applicable to connection test e pkt enable).
No command activity is performed onboard.

NOK_CMDEX_PUT_EV_TM_QUEUE CMDEX_PUT_EVQ 0x062a |FIFO Put on EV TM Queue failure:no possibility to

notify to TMTC that there is a report ready to be
downloaded. (applicable to connection test e pkt
enable). The other activities of the command have been
already executed.

NOK_CMDEX_PUT_HK_TM_QUEUE

CMDEX_PUT_HKTMQ

0x062b

FIFO Put on HK TM Queue failure:no possibility to
notify to TMTC that there is a report ready to be
downloaded. (applicable to enable time verification).
IThe other activities of the command have been already

executed.
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EXF_CMDEX_GET_BLOCK_HK_POOL

CMDEX_GETHKBLOCK | 0x0630

FIFO get on HK pool failure: :no possibility to get the
block for storing the time verification report. The
Enable Time verification Tc is not executed.

EXF_DATA_HDL_INVALID_SUBSYS_ID

DHDL_SUBSYSID | 0x0700

Invalid measurement ID in data handler task

EXF_DATA_HDL_FIFOPUT_HSHDL_QUEUE

DHDL_HSHDLQ 0x0708

FIFO Put on HS HDL Queue failure:no possibility to
notify to HS HSLthat one of the steps of the tuning
procedure is completed. The procedure is stopped.
IApplicable to all tuning procedures.

EXF_HS_HDL_ERROR_LS_HP_QUEUE

HSHDL_LSHPQ 0x0809

FIFO Put on LS HP queue failure: no possibility to
trnasmit to LS task one of the command of the
procedure. The procedure is stopped. Applicable to all
tuning procedures.

EXF_HS_HDL_HRS_SUB_OFF

HSHDL_HRS_OFF 0x0810

/A diplexer scan with IF power is requested for a
switched off spectrometer. The procedure is not started

EXF_HS_HDL_FCU_SUB_OFF

HSHDL_FCU_OFF 0x0811

/A diplexer scan with IF power is requested but FCU is
off. The procedure is not started

EXF_HS_LIB_ERROR_LS_HP_QUEUE

HSLIB_LSHPQ 0x0905

FIFO Put on LS HP queue failure: no possibility to
trnasmit to LS task one of the command of the
procedure. The procedure is stopped. Applicable to all
tuning procedures and to peakup procedures.

EXF_HS_LIB_HRS_SUB_OFF

HSLIB_HRS_OFF 0x0906

/A measurement involving HRS has been requested, but
the spectrometers are OFF. No measurement is started.

EXF_HS_LIB_UPLOAD_VM_PARAM_TYPE

HSLIB_UPLVM_PAR | 0x0907

Error in parameters of VM Upload TC.

EXF_HS_LIB_UPLOAD_VM_CODE_AREA

HSLIB_UPLVM_ARE | 0x0908

Error in parameters of VM Upload TC

EXF_HS_LIB_UPLOAD_VM_INCONSISTENT
| TC

HSLIB_UPLVM_TC | 0x0909

Error in parameters of VM Upload TC

EXF_HS_LIB_START_VM_INVALID_INDEX

HSLIB_STVM_IDX | 0x0910

Error in parameters of VM Upload TC

EXF_HS_LIB_WBS_SUB_OFF

HSLIB_WBS_OFF 0x0911

Requested measurement cannot be executed. The
spectrometer is off

EXF_HS_LIB_QUEUE

HSLIB_QUEUE 0x0912

FIFO Put on HS HDL Queue failure:no possibility to
notify to HS HSLthat one of the tuning procedure is
cstarted. The procedure is aborted. Applicable to all
tuning procedures.

EXF_HS_LIB_FCU_SUB_OFF

HSLIB_FCU_OFF 0x0913

/A measurement involving FCU has been requested, but
the spectrometers are OFF. No measurement is started
(applicable to scans and to mixer magnet tuning)

EXF_HS_LIB_DIPSCAN_NUM_STEP

HSLIB_DIPSCAN_NS | 0x0914

'The commanded number of steps for the diplexer scan
is greater than the maximum allowed. The scan is not
staretd.

EXF_HS_LIB_MIXMAG_DATA

HSLIB_MIXMAG_D | 0x0915

IThe commanded number of steps for the mixer magnet
tuning is greater than the maximum allowed. The
procedure is not started.

NOK_HS_LIB_WRONG_INPUT_PARAM

HSLIB_INPUT_PAR 0x0916

Type (8,4) Start spectroscopy measurement: execution
failure due to inconsistency between measurement
parameters (coaddition and number of integrations)

EXF_HS_LIB_NO_INSTRU_INVOLVED

HSLIB_NO_INSTR 0x0917

Type (8,4) Start spectroscopy measurement: execution
failure due to inconsistency between measurement
parameters (spectrometers involved and spectrometers
switched on)

EXF_HS_LIB_PEAKUP_CONF_CHOP_PAR

HSLIB_PKUP_PARO | 0x0920

Error in input parameter of peak up routine.

EXF_HS_LIB_PEAKUP_CONF_TYPE_PAR

HSLIB_PKUP_PAR1 0x0921

Error in input parameter of peak up routine.

EXF_HS_LIB_PEAKUP_POLAR_TYPE_PAR

HSLIB_PKUP_PAR2 | 0x0922

Error in input parameter of peak up routine.

EXF_HS_LIB_PEAKUP_SEQ_NUMBER_PAR

HSLIB_PKUP_PAR3 | 0x0923

Error in input parameter of peak up routine.

EXF_HS_LIB_WRONG_PEAKUP_TYPE

HSLIB_PKUP_TYPE 0x0924

Error in input parameter of peak up routine.

EXF_HS_LIB_PEAKUP_INCOMPLETE

HSLIB_PKUP_INC 0x0925

Error in execution of peakup. Not all 9 points have
been successfully acquired.

EXF_HS_LIB_PEAKUP_ZERO_DIV

HSLIB_PKUP_ZDIV 0x0926

Dividion by zero.

EXF_HS_LIB_ENGSCAN_INVALID_INTERV
AL

HSLIB_ESCAN_INTV | 0x0933

Error in input parameter of enginnering scan request.

EXF_HS_LIB_ENGSCAN_INVALID_NSAMP_
1

HSLIB_ESCAN_NS1 0x0934

Error in input parameter of enginnering scan request.
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EXF_HS_LIB_ENGSCAN_INVALID_NSAMP_| HSLIB_ESCAN_NS2 0x0935 [Error in input parameter of enginnering scan request.
2

EXF_HS_LIB_ENGSCAN_NO_VALID_ADDR | HSLIB_ESCAN_ADD1| 0x0936 |Error in input parameter of enginnering scan request.
EXF_HS_LIB_ERROR_LS_LP_QUEUE HSLIB_LSLPQ 0x0937

EXF_HS_LIB_ENGSCAN_WRONG_ADDR HSLIB_ESCAN_ADD2| 0x0938 [Error in input parameter of enginnering scan request.
EXF_HS_LIB_ENGSCAN_WRONG_CMD HSLIB_ESCAN_CMD | 0x0939 [Error in input parameter of enginnering scan request.
EXF_HS_LIB_WRONG_WBS_ACCTIME HSLIB_WBS_ACCT 0x0940 |Error in input parameter of totalpower spectroscopy.

\WBS accumulation time too short.

EXF_HS_LIB_INVALID_DATA

HSLIB_FUNCTEST 0x0943

Error in input parameter of HRS funct test. HRS func
test ID wrong

Debug

EXF_MEM_INVALID_MEMLENGTH

MEM_LEN 0x1000

'The commanded length in SAU is inconsistent with the
number of 16 bit words of the parameter.

EXF_MEM_INVALID_ADDRESS

MEM_ADD 0x1001

This error is caused by a start address greater than the
lend address reported in Error! Reference source not
found.

EXF_MEM_INVALID_MEMID

MEM_ID 0x1002

IThe commanded memory ID is referred to a not
existing 1D

EXF_MEM_INVALID_CRC1

MEM_CRC1 0x1003

Inconsistency between the OBS computed checksum
and the checksum contained in the TC. Both Checksum
are referred to the memory data in the TC.

EXF_MEM_INVALID_CRC2

MEM_CRC2 0x1004

Inconsistency between the OBS computed checksum
on the memory data after their copy on the destination
memory and the checksum contained in the TC.

EXF_MEM_BOOT_OVERWRITE

MEM_BOOT_OVRW | 0x1007

/A PM start address shorter that 0x4000 has been
requested.

EXF_MEM_UNKNOWN_RET_CODE MEM_UKWN_RETC | 0x1008 [Error in memory load. The procedure returned an
unespected value.
EXF_MEM_EEPROM_WRITE_OVERFLOW MEM_EEWRITE_OVF| 0x100a [Error during the EEPROM write procedure (to copy in
EEPROM the full OBS image).
EXF_MEM_EEPROM_COPY_FAILED MEM_EECOPY_FAIL | 0x100b |Error during the EEPROM write procedure (to copy in
EEPROM the full OBS image).
EXF_MEM_EEPROM_WRONG_PARTITION MEM_EE_PARTIT 0x100c |Error during the EEPROM write procedure: wrong
commanded partition ID
EXF_MEM_EEPROM_WRONG_NUM_BAD_P| MEM_EE_BADNPAG | 0x100d |Error during the EEPROM write procedure: wrong
AGES commanded number of pages to avoid to copy on.
EXF_MEM_HSHDL_QUEUE MEM_TQUEUE 0x100e [FIFO put on hs_hdl queue failure during memory dump
or memory check.
EXF_MEM_COPY_OBS MEM_COPY_OBS 0x100f |Failure in the execution of the Copy OBS command.
EXF_MEM_CHECK_PM_CRC MEM_CK_PM_CRC 0x1010 ([The check PM command resulted ina PM CRC

different from expected, indicating a possible damage
in the PM memory.

EXF_MEM_EEPROM_WRONG_BAD_PAGE_| MEM_EE_BADPAGID| 0x1011 |Error during the EEPROM write procedure: one of the

ID 1Ds of pages to avoid to copy on is wrong

EXF_MEM_LCU_INVALID_DATA MEM_LCU_DATA 0x1012 |Error in LCU mem Load TC parameters: total number
of loadable words exceeded.

EXF_MEM_LCU_OFF MEM_LCU_SSOFF 0x1013 |Error in LCU mem Load/dump TC: LCU subsystem is
OFF.

EXF_MEM_ERROR_LS_HP_QUEUE MEM_LSHP_UEUE 0x1014 |Error in LCU mem Load/dump TC: failure in
enqueuing a message to the LS HP queue

EXF_ERR_HDL_MEASUREMENT_ABORTE ERRHDL_MEAS_ABO| 0x1300 [Measurement execution Aborted.

D

EXF_LS_HDL_FCU_OFF LSHDL_FCU_OFF1 0x2001 [Sweep Diplexer and FCU parameter scan procedures
in LS_HDL task: execution failure due to FCU off

EXF_LS HDL_LCU_OFF LSHDL_LCU_OFF_2 0x2002 (Commanded LCU parameter scan: execution failure
due to LCU off

ERR_LS HDL_WRONG_CMD LSHDL_BADCMD 0x2003 |Invalid selected operation ID in LS_HDL task

EXF_LS HDL_VEC_SCAN_TABLE LSHDL_BAD_VSTAB | 0x2004 |Invalid Length of the table onboard used to execute the

\vector scan

EXF_LS_HDL_GEN_REP_FAIL

LSHDL_GEN_REP 0x2005

Generate report error: no final (or step) report can be

generated at the end of one of the scan functions.
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EXF_LS_HDL_ERROR_LS_HP_QUEUE

LSHDL_LSHPQ

0x2006 |[FIFO Put on LS HP queue failure: no possibility to
trnasmit to LS task one of the command of the
procedure. The procedure is stopped. Applicable to all
scan procedures and to LO tuning.

EXF_LS_HDL_FCU_SUB_OFF

LSHDL_FCU_OFF_3

0x2007 |Diplexer scan procedure in LS HDL: no execution
started due to FCU off.

EXF_LS_HDL_VSCAN_REP_GET_HK_BLOC

K

LSHDL_VSCAN_HKB

0x2008 |Get block from HK Pool failure: no vector scan report
ican be produced. The procedure has been completed
but the data cannot be downloaded.

EXF_LS HDL_VSCAN_REP_PUT HK_QUEU

E

LSHDL_VSCAN_HKQ

0x2009 [FIFO put on HK TM queue failure: : no vector scan
report can be produced. The procedure has been
completed but the data cannot be downloaded.

EXF_LS_HDL_VSCAN_OVFL

LSHDL_VSCAN_OVF

0x200A (Error in parameters of vector scan.

EXF_LS_HDL_VSCAN_SYSOFF

LSHDL_VSCAN_SOFF
xecuted.

0x200b |FCU or LCU are switched off. Vector scan cannot be

EXF_LS_HDL_DIPSCAN_NUM_STEP

LSHDL_DSCAN_NS

0x200c |[Wrong number of steps in diplexer scan command.

EXF_LS HDL_PUT LS HDL_QUEUE

LSHDL_LSHDL_Q

scans.

0x2014 [FIFO put on LS HDL queue failure: it is not possible to
execute the following steps of the procedure.
/Applicable to FCU parameter scan, vector and diplexer

Table 3.2-54, Execution Failures Error codes and description

3.2.5.11 ICU Housekeeping

The detailed structure of the HK packet is described in AD5, section 3.1. and reported below:

Start Start Length Monitor Parameter Description Acceptance criterium
Byte bit
26 0 24 HI_SW_Version Version number of the OBS = to the version of the OBS under test
29 0 8 HI_SW_Revision Revision number of the OBS = to the revision of the OBS under test
30 0 32 HI_IDLE Number of loops in a second performed by (>=1200*HK acquisition rate(sec) at
the res_chk task (the lowest priority task). startup)
34 0 32 HI_CPU_Load_Min Minimum delay (in one sec) in
msec from one loop and the next one in res_chk task.
Expressed in units of 20nsec.
38 0 32 HI_CPU_Load_AV = Average percent CPU load. <10 at startup
42 0 32 HI_CPU_Load_Max Maximum delay (in one sec) in
msec from one loop and the next one in res_chk task.
Expressed in units of 20nsec.
46 0 32 HI_EV_POOL Max # of blocks taken in Event Pool <28 (=0 at startup)
50 0 32 HI_HK_POOL Max # of blocks taken in HK Pool <22 (= 4 at startup)
54 0 32 HI_SD POOL Max # of blocks taken in Science Pool <30 (= 8 at startup)
58 0 32 HI_TC_POOL Max # of blocks taken in TC Pool <6 (=0 at startup)
62 0 32 HI_LS_QUEUE_MAX Max depth reached in LS <512 (0x200)
Queue (Virtuoso FIFO)
66 0 32 HI_HK_QUEUE_MAX Max depth reached in HK <24 (0x18)
Queue (Virtuoso FIFO)
70 0 32 HI_SD_QUEUE_MAX Max depth reached in Science | <728 (0x2d8)
Queue (Virtuoso FIFO)
74 0 32 HI_EV_QUEUE_MAX Max depth reached in Event <24 (0x18)
Queue (Virtuoso FIFO)
78 0 32 HI_TC_QUEUE_MAX Max depth reached in TC <4 (0x04)
Queue (Virtuoso FIFO)
82 0 32 HI_SDPKT_QUEUE_MAX Max depth reached in <64 (0x40)
Error Queue (Virtuoso FIFO)
86 0 32 HI_VM_RUNNING_S True if VM is running. False if it is
stopped .
(= 0 at startup).
90 0 32 HI_2P5_V 2.5 Volt actual value N/A to AVM1
For FM see A1.2
94 0 32 HI_5P_V 5 Volt actual value N/A to AVM1
For FM see A1.2
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98 0 32 HI_15P_V 15 Volt actual value N/A to AVM1
For FM see Al1.2
102 0 32 HI_15M_V minus 15 Volt actual value N/A to AVM1
For FM see Al1.2
106 0 32 HI_CPU_T CPU Temperature N/A to AVM1
For FM see A1.2
110 0 32 HI_SUBSYSTEM_S Current Subsystem Status Equal to the commanded Subsystem
Status Word
=0 at startup
110 2 1 HI_FCU_S FCU- subsystem status
110 3 1 HI_LCU_S LCU- subsystem status
110 4 1 HI_WBSV_S WBS-H status
110 5 1 HI_WBSH_S WBS-V status
110 6 1 HI_HRSV_S HRS-H status
110 7 1 HI_HRSH_S HRS-V status
114 0 32 HI_HP_QUEUE_MAX Max depth reached in LS cmd | <512 (0x200)
queue (Virtuoso FIFO)
118 0 32 HI_Spectr_HK _valid Spectrometer Housekeeping 1 = spectr. data in HK
validity flags 0 = spectr. data NOT in HK
(= 0 at startup)
118 4 1 HI_WBSV_HK_S HK validity
118 5 1 HI_ WBSH_HK_S HK validity
118 6 1 HI_HRSV_HK_S HK validity
118 7 1 HI_HRSH_HK_S HK validity
122 0 32 AID_spectroscopy AID of the presently running activity
(= 0 at startup)
126 0 32 HRS transfer counters
126 0 16 HRS V transfer counter
128 0 16 HRS H transfer counter
130 0 32 WABS transfer counters
130 0 16 WBS V transfer counter
132 0 16 WABS H transfer counter
134 0 32 HICU HK_27 Spare
138 0 32 HICU_HK 28 Spare
142 0 32 HICU_HK_29 Spare
146 0 32 HICU_HK 30 Spare
150 0 32 HICU_HK_31 Spare

Table 3.2-55, ICU Housekeeping

3.3 Dependencies on other instruments

HIFI does not depend directly on other instruments. HIFI is not designed to be operating simultaneously with

the PACS or SPIRE
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4 INSTRUMENT CONFIGURATION

4.1 Hierarchical configuration

The HIFI instrument consists of 4 subsystems and an Instrument Control Unit.
1. The Focal-Plane subsystem consists of:

l1a. A cold focal-plane unit (FHFPU) mounted on the 15K vapour-cooled optical bench, containing:
o relay optics (including the HIFI M3 in the telescope focal plane),

e 7 Mixer assemblies containing:

o 14 mixers (SIS and HEB) cooled to 2K by a thermal strap to the helium tank,
o Optical combiners and mechanisms,

e 14 low-noise IF HEMT pre-amplifiers operated at 15K,

e 14 additional IF amplifiers,

e 4 passive power combiners,

e achopping mechanism,

e acalibration source.

1b. A Focal-Plane control unit (FHFCU) operating at room temperature.

1c. A Focal Plane Intermediate Frequency Up-converter operating at room temperature, containing a mixer
converting the band 6 IF frequency from 3.6GHz to 6GHz and a DRO at 10.4GHz

2. The Local Oscillator subsystem consists of:

2a. A local oscillator unit (FHLOU) located on the outside of the cryostat with optical beam-guides coupling
the LO signals into the FHFPU via seven windows in the cryostat wall. The unit contains two times seven
multiplier and amplifier chains to produce a LO signal in one of fourteen different frequency bands: each
mixer band is split between two LO bands. FHLOU is radiatively cooled to a temperature of approximately
120K.

2b. A local oscillator control unit (FHLCU) located in the service module and operated at room temperature.
The FHLCU provides the bias and control signals for the LOU, and secondary power and control signals for
the FHLSU.

2c. A local oscillator synthesiser unit (FHLSU) operating at room temperature, located on the service
module. The FHLSU contains a high stability reference oscillator and phase-lock system to control the
frequency of the local oscillator with a long-term precision of 1 part in 107. The oscillator signal is
transmitted to the FHLOU through one of the fourteen wave-guides, to be multiplied and amplified in the
FHLOU.
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3. The High-Resolution Spectrometer (HRS) consists of two identical units, each containing an IF processor,
an ACS, HRS controller and the DC/DC converters.

3a. One unit for Horizontal Polarisation (FHHRH)

3b. One unit for Vertical Polarisation (FHHRV)

4. The Wide-Band Spectrometer (WBS) consists of four units:

4a. Electronics for Horizontal Polarisation (FHWEH)

4b. Electronics for Vertical Polarisation (FHWEV)

4c. Optics for Horizontal Polarisation (FHWOH)

4d. Optics for Vertical Polarisation (FHWOV)

5. An instrument control unit (FHICU), operating at room temperature within the service module. The
FHICU interprets commands from the satellite telecommand system, controls the operation of the
instrument, and returns science and housekeeping data to the satellite telemetry system.

6. The interconnecting cable harness (FHWIH). This harness interconnects the units residing in the SVM.
The spacecraft contractor will be responsible for the harnesses linking the SVM units with the FHFPU and
FHLOU. The contractor will also provide the vacuum-tight window and IR filters through which the local
oscillator beams pass into the cryostat.

Figure 4.4-1 is a block diagram of the HIFI showing the relationship between the various units of the
instrument.

7. The IF up-converter is a unit of the HIFI IF system and is placed between the FPU and the spectrometers.
Its primary functions are to frequency up-convert the 2.4 - 4.8 GHz IF from some of the Band 6 Hot

Electrom Bolometer mixers to the 5.6 - 8 GHz region and to cross-couple the up-converted signal with the IF
signal from the SIS mixers.
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Figure 4.1-1, HIFI functional block diagram

4.2 Physical Configuration

The Focal Plane Unit is located inside the cryostat, on the —Y-side of the telescope focus.

The Local Oscillator Unit is located outside the cryostat opposite the FPU.

The warm units are mounted in the Service Vehicle Module on the —Y and —Y-Z panels, where the -Y
pannel is dedicated to the units for horizontal polarisation while the —Y-Z panel contains the units for the
vertical polarization.

The cryo-harness connects the SVM units with the LOU and FPU. The optical connection between the SVM
unit and the LOU is through waveguides.

4.3 Configuration drawings
See HIFI 11D B, Annex 1, Interface Control Drawings

The configuration drawings are given by the table here under:

HIFI unit [HIFI CR | Drawing ref number | Drawing | Drawing
*) issue date

FHFPU |0083-v1 |455-3-001-B (3 sheets) (B 28/02/03

FHFCU |0138-vl |324-E-7000 new 25-02-05
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FHLOU |0117-v2 |MPI 460-1D-G1-Al 07 14/04/05
MPI 460-1D-G108- 05 14/04/05
02A1 (sheet 1-3)
FHLCU |0132-v3 |SRC/LCU/SP/2001- 13 16/03/05
012, sheet 1 16/03/05
SRC/LCU/SP/2001- 13
012, sheet 2
FHLSU |0084-v3 |ICD-HIF-157704 P2 10/07/03
FHHRH/ |0134-vl |CESR-HRS-MD-3151- (4.0 30/11/04
\V 103
FHWOH/ |0121-v6 |FHWOH(V) 7 26/07/04
V Configuration
FHWEH/ |0121-v6 |HIFI-MPAE-ID- 8 16/02/05
\V EA100-001
FHIFH/V |0122-v6 |RPG/HIFI- 2.6 10/02/05
UC/DD/2004-5A08
FHICU 0137-v3 |10-HIFI-00.02 201/03/0
5
FHLOR |0135-v2 |R12600-802 iss (3 D 28/04/05
sheets)

Table 4.3-1, Configuration drawings
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5

5.1

INSTRUMENT FUNCTIONS

Functional configuration

The functional configuration of HIFI is given in Figure 3.1-1.

5.2 Functional description

5.2.1 Focal Plane Unit

Figure 5.2-1 presents a block diagram of the HIFI Focal Plane Unit, including its optical system and the key
elements of the signal chain — the mixers, isolators and first- and second-stage amplifiers.
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Figure 5.2-1, Expanded block diagram of the HIFI Focal Plane Unit.

5.2.1.1 The Common Optics Assembly
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The Common Optics Assembly, forms the basis of the FPU structure, and mounts directly on the Herschel
optical bench. Its optical design consists of 3 blocks: the Telescope Relay Optics, the Channel-Splitting
Optics, and the Cold Local Oscillator Optics.
The telescope relay and channel-splitting optics relay the instrument’s 7 signal beams from the telescope’s
focal plane into the diplexer box. This is done with 6 common mirrors (the telescope relay optics) and 7 sets
of 3 mirrors (the channel-splitting optics). Together, these optics have three primary functions:
e They produce an image of the telescope secondary on the fourth mirror in the chain, enabling the
implementation of a Focal Plane Chopper.
e They produce an image of the telescope focal plane on the first mirrors in the Channel-Splitting
Optics, allowing the beams to be split by seven mirrors with different orientations.
¢ Ineach channel, they create an image of the telescope secondary within the Diplexer Box. This
image has a large Gaussian beam waist, to minimize diffraction losses, and a frequency-
independent size, to simplify visible-light alignment.
The seven local oscillator beams from the Local Oscillator Unit enter the FPU through windows in the
cryostat. Using 7 sets of five mirrors, the Cold Local Oscillator Optics re-image the LO beam waists at the
FPU input to waists in the diplexer box that match those produced by the channel-splitting optics.

5.2.1.2 The Focal Plane Chopper

The fourth mirror of the telescope relay optics is the Focal Plane Chopper (see Figure 5-2). The chopper
mirror is mounted on a pair of Inconel flex pivots that allow it to rotate (in one direction) around the centre
of its optical surface. Because the mirror is located at an image of the telescope’s secondary mirror, tilting
the chopper is equivalent to tilting the telescope secondary, which tilts the beam on the sky.

The primary uses of the chopper are to scan the beam on the sky, and to redirect the instrument’s optical
beam into the on-board calibration source.

5.2.1.3 The Calibration Source Assembly

Mounted on the side of the Common Optics Assembly, the Calibration Source Assembly includes two
blackbody signal loads that are used to calibrate the instrument’s sensitivity (the first is an absorber at the
FPU temperature, while the second is a lightweight blackbody cavity that can be heated to 100 K), plus
mirrors that focus the FPU’s optical beam into the loads. Temperature sensors are available to read out the
actual temperature of both calibration loads.

The HIFI optical beam is steered into the calibration sources by the use of extreme positions of the Focal
Plane Chopper.

5.2.1.4 The Diplexer Assembly

Within the Diplexer Assembly, each of the 7 signal beams is combined with its corresponding local
oscillator beam, creating two linearly polarized beams per channel. Each of these 14 beams is then directed
into a Mixer Sub-Assembly.

At low frequencies, where significant LO powers are available, the combining is done with polarizing
beamsplitters. As seen in Figure 5.2-2, one beamsplitter is placed at the intersection of the LO and signal
beams, creating two mixed beams (one contains the horizontally polarized signal beam and the vertically
polarized LO beam, while the second contains the inverse). Each of the mixed beams then hits a second
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beamsplitter, which is oriented to reflect 90 % of the signal power and 10 % of the LO power (the remaining
power is absorbed in a beam-dump).

At high frequencies, where LO power is scarcer, a Martin-Puplett diplexer is used for LO injection (see
Figure 5.2-2b). As in the beamsplitter channels, the first beamsplitter creates two beams containing LO and
signal power in orthogonal polarizations. However, in this case, the second beamsplitter is replaced with a
polarizing Michelson interferometer that rotates the LO beam polarization relative to that of the signal beam,
creating a linearly polarized output. In this manner, the coupling of both the LO and signal powers to the
mixers is high (~ 90 %, or better), although scanning mechanisms are needed for frequency tuning

5.2.1.5 The Mixer Sub-Assembly

Each of the 14 linearly polarized outputs from the diplexer box enters a Mixer Sub-Assembly (MSA) that
includes:

a set of three mirrors that focus the optical beam into the mixer;

a mixer unit;

a low-noise IF amplifier (plus two IF isolators that suppress reflections in the cable between the mixer and
the amplifier);

low-frequency filtering for the mixer’s DC bias lines; and

Interferometer 1

i
To |45 | | To
: tMSAS i | tI\fISAs
B 3 0 |
e £ e Q-j—ﬂlr.,\——--i =i
B3 || | . |
Il Bs1 '

SIGNAL B | - B52 SIGNAL Il . ~
> — — - e == = o
: . 'E
t |

LO

Interferometer 2

Beamsplitter LO Injection Diplexer LO Injection

@ (b) ©

Figure 5.2-2, a,b) Local oscillator injection schemes

a mechanical structure that thermally isolates the mixer unit (at 2 K) from the FPU structure (at 10 K).

The resulting MSA (see Figure 5-6) is a densely packed ~ 15x12x5 mm3 box. The design complexity is
driven by a number of factors, including a lack of space and the desire for a low-distortion, all-reflective
optical design. In particular, this second desire necessitates the use of at least two mirrors (with the second
mirror compensating for distortions introduced by the first [24]). In practice, a three-mirror system is used
because it is more compact than a two-mirror design.

5.2.1.6 The Mixer Console

The Mixer Console is a nested structure of aluminum plates separated by thin-walled stainless steel tubes
that thermally isolates the 2 K temperature level (on which the mixer and first isolator are mounted) from the
FPU structure, with a intermediate 4 K level used to reduce the heat load on the cryostat’s 2 K level. Note
that the nested geometry of the console is designed to ensure that the thermal contraction of the tubes that
connect the 2 and 4 K levels is counteracted by the contraction of the tubes connecting the 4 and 10 K levels,
such that the alignment of the 2 K level relative to that of the 10 K level is maintained during cooldown.
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Furthermore, the design of this structure is complicated by the conflicting requirements that it be stiff and
strong (to survive launch), while also minimizing the thermal loads on the 2 and 4 K levels.

5.2.1.7 IF2 Amplier

The chosen concept is a set of demountable modules contained within a housing and is shown in Figure
5.2-3. The IF-2 assembly consists of two halves each containing all the functions required for the respective
polarisation channel of the FPU, namely,

two 2.4 — 4.8 GHz amplifier modules feeding a 2-to-1 power combiner module,

five 4 — 8 GHz amplifier modules feeding a 5-to-1 power combiner module,

a DC filter module distributing bias to the amplifier modules,

a housing supporting the modules containing a temperature sensor.

The two halve are bolted together in a clamshell arrangement with a thin metallic dividing wall for providing
microwave isolation between the two polarisations.

This concept has been chosen for the following reasons.

Each module is individually testable gives the benefits of testing at a lower level of integration (early fault
detection, easier to locate faults, no un-necessary thermal cycling of working sub-assemblies).

It reduces the risk that a complete IF-2 assembly has to be discarded due to a failure and subsequent
unsuccessful repair (reworking) of the assembly.

It allows the use of a smaller, cheaper test cryostat.

It allows a flight spare philosophy based on a kit of tested modules.

The main disadvantage is in increased mass and volume of the assembly relative to an optimal one.
However, the chosen concept easily complies with mass and size requirements so this is not an issue.
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Figure 5.2-3 A block diagram showing the mechanical construction concept of one half of the IF-2
assembly. A similar configuration is used for the other half of the complete IF-2 assembly (see text for
details).

5.2.2 Focal Plane Control Unit

The FCU architecture is determined by some major aspects of the structure and operation of FPU
components:

o there is a large group of functions required identically for 7 pairs of mixers

o there will be only one pair of mixers and their associated elements active at one time.
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This allows to use 2 independent blocks of electronics that are each capable of controlling one mixer and its
associated elements. We will refer to such a block as a mixer electronics chain. The two mixer electronics
chains will then be connected to the active pair of mixers through analogue multiplexers.

One mixer electronics chain will comprise:

o one diplexer motor driver (bands 3-6H only)

one mixer bias supply

one magnet current supply (bands 1-5 only)

one demagnetising heater current supply(bands 1-5 only)

one IF amplifier supply, providing regulated drain voltage and drain current for 5 IF stages

all housekeeping functions related to the above functions

The common chains serve the remaining functions which exist only once or twice.
One common chain will comprise:

e one chopper position controller, including position readout and motor driver
one calibration source heater supply

readout for 6 cryogenic temperature sensors

a supply for two IF up converters

readout for a temperature sensor in each of the two IF upconverters

all housekeeping functions related to the above functions

The focal plane chopper and the calibration source unit will have two independent sets of electrical elements
each (pe. two position sensors in the chopper, 2 heaters in the calibrator). They are used in a cold redundant
way, ie. one element active (featuring the full device’s functionality) and one stand-by to take over in case of
failure of the first one. The FCU will have two groups of electronics with matching operational use (cold
redundant).

The chopper motor drive circuits have a warm redundant configuration in order to optimize the efficiency of
the chopper drive.

There are only single thermistors on the FPU baseplate and in the calibrator cold source. They will be read
out by the either the one or the other commaon chain, whichever is active.

The two IF up converter units can be powered from either common chain. The FCU provides on/off
switching for each up converter and readout of the temperature sensors in each up converter.

In principle we have now 4 electronics chains. However, during the development of the FCU unit we found
that the mixer chain is too large to be realised on one printed circuit board. We have therefore split the mixer
chain in two sections: section 1 providing mixer bias, magnet current, heater current and diplexer control and
section 2 providing biasing of the IF amplifiers.

Each of these sections has its own serial digital ICU interfaces, housekeeping and power conditioning, so
that we now have an architecture with 6 independent chains. This modular FCU architecture makes FCU
testing and integration with the FPU very flexible.

The baseline FCU architecture is shown in figure 5.2-6.
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Figure 5.2-4, Functional block diagram of FCU electronics
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The FCU provides power for the IF upconverter. The power is provided on power interface connectors to the
ICU and the upconverter (spliced cables).

The FCU provides a voltage regulated, current limited supply. The output can be switched on and off by ICU
command. The power-up default condition is OFF for both converters.

The FCU provides supplies for two upconverters, one associated with the horizontal polarisation, the other
for the vertical polarisation. The upconverter supplies are located on the common boards of the FCU. The
horizontal converter should be connected to the prime common board, the vertical to the redundant board.
The upconverter supplies are nominally always active, regardless if the prime or the redundant ICU power
interface is active. The supplies for the horizontal and the vertical converters are fully independent. They can
be switched independently and a failure in either the converter or its supply will not affect the other: the FCU
provides single point failure free cross-strapping from the ICU dc/dc converters to the upconverters.

The FCU provides readback of the on/off status, the actual output voltage and of the output current through
its housekeeping system.

There is also readout circuitry for a temperature sensor in each upconverter. The FCU provides bias current
and voltage measurement for the thermistor. In principle any NTC or PTC type thermistor can be connected
that has a room temperature resistance of about 15KQ, but is designed for the Fenwal 526-31BS12-153 type
sensor. The voltage across the sensor is measured by the FCU analog housekeeping.

There are no specific voltage sense wires: the voltage is measured inside the FCU, voltage drop across the
wiring is therefore included in the measurement and limits measurement accuracy.

All housekeeping circuitry associated with the upconverter has the same redundancy concept as the
upconverter supply output. Therefore all housekeeping for both upconverters is available through the prime
and the redundant ICU interface.

5.2.3 Local Oscillator Unit

The Local Oscillator Unit consists of 7 Local Oscillator Assemblies (LOA) mounted on a baseplate. Each
LOA contains two chains of W-band frequency tripler — power amplifier — two to three frequency
doublers/triplers together with output optics.

W:Band Multiplier Amplifier Multiplier 1 Multiplier 2 Multiplier 3 Multiplier 4
|
WR 28 X2/ X2/
23.7- 35.4GHz XS — | [ = —— — | X2 X2 RF out
X3 X3
WR10/12 WR 10/12 WR 05/06
71-106GHz 71 - 106 Ghz 142-212Ghz  fyper Tuner

(opt) (opt)

Figure 5.2-5, Block scheme of typical Band in LOA

The output frequency of the 7 LOAs is listed in the table below.
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Band (LOA) Lowest frequency Highest Frequency (GHz)
(GH2)
1 480 640
2 640 800
3 800 960
4 960 1120
5 1120 1250
6 1410 1703
7 1703 1910

Table 5.2-1, LOA Frequency Ranges

5.2.3.1 Lo Band Reference settings

The following lists the chain specific settings and the expected data. LO Safe Table 11.07 for the particular
subsystem part used (main or redundant).

Frequency M1 M2 M3 Gl G2 D1 D2
520GHz
V_SET N.A.
T chain=125K | [V] 7.000 | 7.000 -0.400 | -0.100 |2.340 | 2,700
V HK [V] | 7.006 [6.999 |NA. |-0.392 | -0.101 |2.072 | 2.332
I_HK N.A.
[MA] -0.473 | -0.217 -0.300 |-0.035 |0.661 |0.873
Frequency M1 M2 M3 Gl G2 D1 D2
520GHz
V_SET N.A.
T chain=132K | [V] 7.000 | 7.000 -0.400 | -0.100 |2.340 | 2,700
V HK [V] | 7.006 |7.000 |N.A. | -0.391 |-0.101 |2.070 |2.332
I_HK N.A.
[MA] -0.482 | -0.177 -0.300 |-0.035 | 0.665 |0.874

Table 5.2-2, Reference settings BAND | A - Main

Frequency M1 M2 M3 Gl G2 D1 D2
520GHz
V_SET N.A.
T _chain=132.9K | [V] 7.000 | 7.000 -0.400 | -0.100 |2.340 | 2,700
V_HK [V]|7.008 [7.000 |N.A. |-0.392 |-0.100 | 2.064 | 2.324
I_HK N.A.
[MA] -0.473 | -0.234 -0.300 | -0.034 |0.662 |0.879

Table 5.2-3, Reference settings BAND | A - Redundant
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Reference settings BAND I B - Main
Frequency M1 M2 M3 Gl G2 D1 D2
579GHz
V_SET N.A.
T_chain=131.8K | [V] 8.500 4.000 1.750 1.215 3.050 2.740
V _HK [V] | 8577 4.040 N.A. 1.707 1.196 2.703 2.427
I HK N.A.
[mA] -0.744 | -0.761 1.481 0.517 0.807 0.723
Remark: above reading taken after 1 Minute; M1l decreases rapidly from up to -1.5mA to the value stated
above.
Table 5.2-4, Reference settings BAND | B - Main
Frequency M1 M2 M3 Gl G2 D1 D2
579GHz
V_SET N.A.
T_chain=132.5K | [V] 8.500 4.000 1.750 1.215 3.050 2.740
V HK [V] | 8.513 4.022 N.A. 1.709 1.201 2.710 2.434
I HK N.A.
[mA] -0.675 | -0.722 1.479 0.518 0.810 0.722
Table 5.2-5, Reference settings BAND | B - Redundant
Frequency M1 M2 M3 Gl G2 D1 D2
652GHz
V_SET
T_chain=132.9K | [V] 7.000 -3.000 |-1.200 |-0.600 | -0.600 | 2.830 2.379
V HK [V] | 6.998 -3.030 |-1.201 | -0.586 |-0.598 | 2.470 2.098
I HK
[MmA] -0.120 | 1.175 | 0.001 -0.495 | -0.150 | 0.861 0.653
Table 5.2-6, Reference settings BAND Il A - Main
Frequency M1 M2 M3 Gl G2 D1 D2
652GHz
V_SET
T_chain=132.4K | [V] 7.000 -3.000 | -1.200 | -0.600 | -0.600 | 2.830 2.379
V HK [V] | 6.999 -3.033 | -1.202 | -0.586 | -0.596 | 2.450 2.097
I HK
[mA] -0.114 | 1.134 | 0.005 -0.494 | -0.151 | 0.858 0.656

Table 5.2-7, Reference settings BAND Il A - Redundant
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Frequency M1 M2 M3 Gl G2 D1 D2
732GHz
V_SET
T_chain=133.3K | [V] 9.500 -5.000 | -1.500 | 1.400 0.900 3.250 2.400
V HK [V] | 9.591 -5.019 |-1518 |1.371 0.886 2.786 2.033
I HK
[mA] -1.124 | 0.265 0.592 1.011 0.345 1.004 0.733
Table 5.2-8, Reference settings BAND 11 B - Main
Frequency M1 M2 M3 Gl G2 D1 D2
732GHz
V_SET
T_chain=131.8K | [V] 9.500 -5.000 | -1.500 | 1.400 0.900 3.250 2.400
V _HK [V] | 9.525 -5.002 |-1.514 | 1.372 0.889 2.793 2.054
I_ HK
[mA] -1.251 | 0.319 0.517 1.011 0.348 1.008 0.745
Table 5.2-9, Reference settings BAND 11 B - Redundant
Frequency M1 M2 M3 G1 G2 D1 D2
V_SET
T_chain=131.8K | [V] 11.000 | -4.000 |-1.200 | 1.110 0.755 3.090 1.700
V_HK [V]
I HK
[mA]
Not installed in Cryostat.
Table 5.2-10, Reference settings BAND I11A - Main
Frequency M1 M2 M3 Gl G2 D1 D2
V_SET
T_chain=131.8K | [V] 10.000 | -7.500 | 1.200 -0.013 | -0.024 | 2.770 1.600
V_HK [V]
I HK
[mA]

Not installed in Cryostat.

Table 5.2-11, Reference settings BAND 111 B - Main
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Frequency M1 M2 M3 Gl G2 D1 D2
991GHz
V_SET N.A.
T_chain=133.8K | [V] 11.000 | -5.000 -0.800 | -0.600 | 2.250 2.400
V HK [V] ] 10.997 | -4.986 | N.A. -0.782 | -0.596 | 1.989 2.207
I HK N.A.
[mA] -0.214 | -0.011 -0.652 | -0.227 | 0.659 0.713
Table 5.2-12, Reference settings BAND IV A - Main
Frequency M1 M2 M3 Gl G2 D1 D2
991GHz
V_SET N.A.
T_chain=133.6K | [V] 11.000 | -5.000 -0.800 | -0.600 | 2.250 2.489
V HK [V] ] 10.999 | -4.992 | N.A. -0.782 | -0.595 | 1.982 2.195
I HK N.A.
[mA] -0.190 | -0.008 -0.652 | -0.227 | 0.660 0.715
Table 5.2-13, Reference settings BAND IV A - Redundant
Frequency M1 M2 M3 Gl G2 D1 D2
1098GHz
V_SET N.A.
T _chain=133.2K | [V] 8.000 -4.500 -0.500 | -0.600 | 2.630 2.400
V _HK [V] | 8.000 -4.487 | N.A. -0.489 | -0.596 | 2.249 2.054
I HK N.A.
[mA] -0.251 | -0.010 -0.381 | -0.228 | 0.932 0.842
Table 5.2-14, Reference settings BAND IV B - Main
Frequency M1 M2 M3 Gl G2 D1 D2
1098GHz
V_SET N.A.
T _chain=132.1K | [V] 8.000 -4.500 -0.500 | -0.600 | 2.630 2.400
V_HK [V] | 8.002 -4.493 | N.A. -0.490 | -0.595 | 2.253 2.057
I HK N.A.
[mA] -0.277 | -0.008 -0.381 | -0.228 | 0.936 0.848
Table 5.2-15, Reference settings BAND 1V B - Redundant
Frequency M1 M2 M3 Gl G2 D1 D2
1122GHz
V_SET N.A.
T chain=132.2K | [V] -4.630 | -4.410 1.420 0.910 3.130 2.079
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V HK [V] | -4.644 | -4.423 | N.A 1.391 0.899 2.695 1.799
|_HK N.A.
[mA] 0.777 0.600 0.992 0.369 1.079 0.695

Remark: above reading taken after 1 Minute; M1l decreases from up to -1mA to the value stated above

Table 5.2-16, Reference settings BAND V A - Main

Frequency M1 M2 M3 Gl G2 D1 D2
1122GHz
V_SET N.A.
T_chain=131.4K | [V] -4.630 | -4.410 1420 |0.910 |3.130 |2.078
V HK [V] | -4.651 | -4.427 | N.A. 1393 | 0901 |2.687 |1.788
I_HK N.A.
[mA] 0.820 0.615 0992 ]0.371 |1.079 |0.712
Table 5.2-17, Reference settings BAND V A - Redundant
Frequency M1 M2 M3 Gl G2 D1 D2
1167GHz
V_SET
T chain=132.8K | [V] -5.710 | -4.210 | N.A. 1740 |1.010 |3.080 | 2.200
V HK [V] | -5.716 | -4.215 | N.A. 1699 |0.998 |2.730 | 1.880
I_HK N.A.
[mA] 0.572 0.441 1395 |0.381 |0.867 | 0.766
Table 5.2-18, Reference settings BAND V B - Main
Frequency M1 M2 M3 Gl G2 D1 D2
1167GHz
V_SET
T chain=132.1K | [V] -5.710 | -4.210 | N.A. 1740 |1.010 |3.080 |2.199
V HK [V] | -5.723 | -4.217 | N.A. 1.701 1.000 2.737 1.887
I_HK N.A.
[MmA] 0.633 0.473 1395 |0.382 |0.865 |0.776
Table 5.2-19, Reference settings BAND V B - Redundant
Frequency M1 M2 M3 Gl G2 D1 D2
1584GHz
V_SET
T_chain=132.9K | [V] -6.310 | -5.700 |-1.492 | 152 1.010 | 3.160 | 2.300
V HK [V] | -6.304 |-5696 |-1508 |1.484 |0.997 |2773 |2.005
I_HK
[mA] 0.156 0.070 [0.368 |1.249 |0.426 |0.918 |0.724
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Frequency M1 M2 M3 Gl G2 D1 D2
1568GHz
V_SET
T_chain=132.5K | [V] -5.780 |-5.569 |-1.748 | 1.52 1.010 3.160 2.300
V HK [V] | -5.778 |-5565 |-1.760 | 1.484 0.997 2.794 2.009
I HK
[mA] 0.281 0.067 0.420 1.249 0.429 0.867 0.713
Table 5.2-20, Reference settings BAND VI A - Main
Frequency M1 M2 M3 Gl G2 D1 D2
1568GHz
V_SET
T_chain=132.5K | [V] -5.780 | -5.569 |-1.748 | 1.52 1.010 3.160 2.297
V HK [V] | -5.782 | -5.567 |-1.760 | 1.485 0.998 2.786 2.001
I HK
[mA] 0.282 0.074 0.429 1.248 0.429 0.870 0.722
Table 5.2-21, Reference settings BAND VI A - Redundant
Frequency M1 M2 M3 Gl G2 D1 D2
1584GHz
V_SET
T_chain=133.2K | [V] -5.480 | -6.250 | N.A. -0.600 | -0.800 | 2.700 2.900
V HK [V] | -5.480 | -6.245 -0.590 | -0.792 | 2.469 2.488
I HK
[mA] 0.283 0.171 -0.375 | -0.308 | 0.569 1.001
Table 5.2-22, Reference settings BAND VI B — Main
Frequency M1 M2 M3 Gl G2 D1 D2
1584GHz
V_SET
T_chain=131.9K | [V] -5.480 | -6.250 | N.A. -0.600 | -0.800 | 2.700 2.900
V HK [V] | -5.484 | -6.245 -0.591 | -0.791 | 2471 2.493
I HK
[mA] 0.266 0.165 -0.375 | -0.306 | 0.569 1.006
Table 5.2-23, Reference settings BAND VI B - Redundant
Frequency M1 M2 M3 Gl G2 D1 D2
V_SET
T_chain=131.8K | [V]
V_HK [V]
I HK

[mA]
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Not installed in Cryostat.

Table 5.2-24, Reference settings BAND VII A - Main

Frequency M1 M2 M3 Gl G2 D1 D2

V_SET
[V]

V_HK [V]
I_HK
[mA]

Not installed in Cryostat.

Table 5.2-25, Reference settings BAND VII B - Main

5.23.2 LOUFMOUTPUT POWER

In order to guide the user in selecting D2V parameter values for adjusting the output power, the following
plots can be used. The data has been taken with an Ericson PM003 power meter to measure the output power
at the windows of the cryostat. Calibration of the so obtained data was done with a Thomas Keating power
meter. Up to three frequencies per band were measured giving a calibration factor with which the sweep data
has been scaled.

Each plot also contains the chain’s EIDP data.
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Figure 5.2-6, Poyr LOU FM BAND IA
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Figure 5.2-11, Poyr LOU FM BAND IVB

Band 5 output power sweeps are available with constant multiplier voltage and with varying multiplier
voltage over frequency. Changing the multiplier voltage according to the EIDP of the chain supplier should

result in higher output power in certain frequency ranges.

LOUFM - Band5A - frequency dependent multiplier voltage
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Figure 5.2-12, Poyr LOU FM BAND VA with frequency dependent multiplier voltages
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LOUFM - Band5A - fix multiplier voltage
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Figure 5.2-13, Poyr LOU FM BAND VA with fixed multiplier voltages

Band 5 output power sweeps are available with constant multiplier voltage and with varying multiplier
voltage over frequency. Changing the multiplier voltage according to the EIDP of the chain supplier should
result in higher output power in certain frequency ranges. The voltage settings are part of AD06.
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Figure 5.2-14, Poyr LOU FM BAND VB with fixed multiplier voltages
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LOUFM - Band5B - frequency dependent multiplier voltage
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Figure 5.2-15, Poyr LOU FM BAND VB with frequency dependant multiplier voltages
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Figure 5.2-16, Poyr LOU FM BAND VIA
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Figure 5.2-17, Poyr LOU FM BAND VIB

POUT LOU FM BAND VII A
POUT LOU FM BAND VII B

5.2.4 Local Oscillator Source Unit

The LSU is, in essence, a Ka-band RF signal generator. Figure 5.2-18 is a conceptual block diagram of the
Protoflight Model (PFM) unit. This diagram shows the basic configuration of the unit without showing
redundant circuitry. A 10 MHz master oscillator synchronizes an X-band frequency synthesizer covering
approximately 7.9 - 11.9 GHz in steps of less than 83 kHz. The output from this synthesizer is amplified and
frequency multiplied by three to cover 23.70 - 35.55 GHz in steps of less than 250 kHz. Finally the signal is
split into fourteen separate output chains, each providing amplification and filtering over a small portion of
the total frequency band. An Automatic Level Control (ALC) loop is used to control the output power using
couplers and detectors at the output and a variable gain amplifier in the X-band chain.

The LSU also provides, via a coupler from the master oscillator, four auxiliary 10 MHz outputs that are used
to synchronize other parts of the HIFI instrument.
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Figure 5.2-18, PFM LSU Conceptual Block Diagram

More complete block diagrams of the Protoflight Model (PFM) LSU is provided in Figure 5.2-19.
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Figure 5.2-19, Protoflight Model LSU Block Diagram

The PFM version of the unit has fourteen Ka-band waveguide outputs, only one of which is active at a time,
and most of the circuitry is fully redundant to enhance the reliability. The DM model has only seven
waveguide outputs and no redundancy. The Ka-band outputs are commandable in frequency and power
level. Both models also provide four 10 MHz reference outputs via SMA connectors, and these are active
whenever the LSU is powered.

Power, digital commands/telemetry, and analog telemetry are connected through separate D-type connectors.
The non-redundant DM unit has three D-type connectors to accommodate these connections. The PFM unit
contains redundant electronic circuitry, and therefore these three connectors are duplicated, making a total of
six D-type connectors on this model. Only one side (either the prime or the redundant side) is powered at a
time on the PFM.

The 10 MHz master oscillators within the LSU, and the associated 10 MHz buffer amplifiers and couplers,
are powered from a separate supply rail to the remainder of the unit. This allows the rest of the unit to be
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powered down while the 10 MHz circuits and the four 10 MHz reference outputs remain functional (this is
the LSU standby mode).

5.2.5 Local Oscillator Control Unit

The LCU unit consists of the following functional blocks:

Main EMC Filter, FIL/M

Main DCDC StandBy Converter, DCDCSTB/M,
Main DCDC LCU Converter, DCDCLCU/M,

Main DCDC LSU Converter, DCDCLSU/M,

Main Digital Controller, DIGIT/M,

Main H/K Block, HK/M,

Main Multiplier Bias Generator #1, MULB1/M,
Main Multiplier Bias Generator #2, MULB2/M,
Main Amplifier Bias Generator, AMPLB3/M,

Main LCU to LSU Interface, LSUINT/M,
Redundant EMC Filter, FIL/R

Redundant DCDC StandBy Converter, DCDCSTB/R,
Redundant DCDC LCU Converter, DCDCLCU/R,
Redundant DCDC LSU Converter, DCDCLSU/R,
Redundant Digital Controller, DIGIT/R,

Redundant H/K Block, HK/R,

Redundant Multiplier Bias Generator #1, MULB1/R,
Redundant Multiplier Bias Generator #2, MULB2/R,
Redundant Amplifier Bias Generator, AMPLB3/R,
Redundant LCU to LSU Interface, LSUINT/R,

LCU to LOA Low Interfaces Block #1, LOWINTA,
LCU to LOA Low Interfaces Block #1, LOWINTB,
LCU to LOA High Interfaces Block #1, HIGHINTA,
LCU to LOA High Interfaces Block #2, HIGHINTB,
LCU to LOA High Interfaces Block #3, HIGHINTC,
LCU to LOA High Interfaces Block #4, HIGHINTD.

Main and Redundant blocks are identical (mechanically and electrically) and completely exchangeable. Main
and Redundant blocks are working in “cold redundancy”.

LCU functional block scheme is shown on the Figure 5.2-20 below
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Figure 5.2-20, Functional block scheme of LCU

Only the Main Blocks and LCU to LOA Interface Block are described in this section. The Redundant blocks

are identical to the Main ones.
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LCU Main DC/DC Converter (LCU/MDC)

More than 40 different voltages have to be produced at the secondary side of DC/DC Converter. Most of
them have floating grounds. Most of them have the non-standard levels of output voltage. This is why the
concept of SRC-made dedicated converters has been chosen.

A. Main DC/DC LCU block includes five, different parts:
Input EMC Filter with Slow-start System dedicated for all Main DC/DC Converters,
DC/DC Converter dedicated for all LCU analogue secondary voltages,
DC/DC Converter dedicated for Drain 1 Source,
DC/DC Converter dedicated for Drain 2 Source,
DC/DC Converter dedicated for LOA Heater.
. Main DC/DC LSU block includes four, different parts:
DC/DC Converter dedicated for Stand-By supplies in LCU and LSU (two sets of +5V digital and +26V
relay and additional +15V standby for LSU),
2. DC/DC Converter dedicated for all analogue LSU voltages,
3. DC/DC Converter dedicated for +10.5V LSU supply,
4. DC/DC Converter dedicated for +9.5V LSU supply.
Al, A2, A5 and B1 work in both StandBy and Nominal modes. The rest of DCDC Converters work only in
Nominal mode.
Both blocks are assembled as completely shielded modules. All the connections to/from DC/DC Converters
are done by pass-trough filters.
Each of 8 listed above converters uses UC1825 PWM controller from Unitrode. The converters work at
131kHz and are not synchronised.
The feed-back loops are closed magnetically by UC1901 Isolation Feed Back Generator.
DC/DC converters used for supply Drain Sources and LOA Heater are raw programmed by four bits from
LCU Control Unit (separated by optocouplers). The real Drain voltage programming is done in Bias
Generator #3. The real Heater voltage programming is done in LSUINT board. This solution lets LCU to
minimise the voltage drop on serial transistor in Drain or Heater Source Generators.

POk~ wdE

In case the primary voltage drops down less than 20V the automatic switch off procedure is initialised. As
minimum two aspects should be kept: the drain voltages should be not more than 0.5V before the others
biases change significatly and the status of the realays should protect the LOA chains during the next switch
on of LO.For the real characteristics of all output voltages at LOA and LSU connectors see the report
“FHLCU Functional Acceptance tests....”

LCU Main digital Controller (LCU/MCU)

The main task of controller is to receive the commands from ICU and, according to them, switching between
Stand-By and Nominal modes, switching ON/OFF, programming and monitoring the LOA Bands and
controlling the LSU unit. In addition the dedicated procedures have to be implemented inside the block in
order to fulfil more complicated tasks as IV curve verification, drain overcurrent protection interrupt or
switching off the bands in emergency situations. INTO interrupt is used for ICU Serial Interface. INT1 line is
used for three others interrupts for initialising the autonomous LCU procedures: drain overcurrent, primary
power down and unstable LSU lock status signals. All procedures (except of three autonomous listed above)
are activated by the ICU commands. Some of them are realized as single operation (read HK data), some of
them need more advanced algorithms. For example the procedure of switching on the Band 1a needs to
control minimum 9 steps of procedure. Others procedures are even more complicated. This is why the
microcontroller (80C32 type) is implemented in LCU. Around it only one IC of 32kBytes RAM, two
8kBytes PROM and one FPGA used for implementation of glue logic are applied. RT54XS32 FPGA is
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chosen as one preferred by HIFI CPPA. The capacity of this IC is probably much bigger than necessary for
realisation of LCU Controller glue logic (plus ICU interface).

The set of 6N140A low current optocouplers is used to separate the digital part from the sensitive analogue
blocks.

All module is supplied from 8.5V(digital electronics) and 5V (analogue electronics) rails. The proper
voltages for digital electronics are generated on the board: +5V to be used for supplying the microcontroller,
memories, digital gates and I/O part of FPGA and +2.5V to be used for the rest of FPGA. The switch on
timings of 5V and 2.5V (realised in two AD 584 voltage sources) protects FPGA against the failure reported
in ACTEL Technical note.

The block scheme of LCU Digital Controller is shown in Figure 5.2-21 below.

RAM
PROCESSOR PROM executable program,
default program, variables
SC-80C32E-H184 default tables stack
10MHz CLOCK SMD-65656,
HS1-6664RH, 32 kBytes
2x8 kByte

Address Decoder, ICU Serial Interfaces, Glue Logic for Optoisolators and Relays

RT54SX32

FPGA

Optoisolators for HK, Bias DRIVERS for DRIVERS for

Generators and HLSU Relays ICU's SERIAL

Interfaces INTERFACE

Figure 5.2-21, Block scheme of LCU Digital Controller
LCU Main H/K Block (LCU/MHK)

The main task of this block is to commute and convert to digital form 151 DC analogue signals available and
important in the LCU/LOA/LSU systems.

LCU generates by itself:

o 4 different voltages to be monitored,

e 1 temperature,

There are 128 lines dedicated for monitoring LOA behaviour:
e 14 temperatures,

o 8 multiplier bias currents,

e one dedicated heater current,
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e two drains and two gates currents,

e 104 multiplier drains and gates biases in 14 different bands.
There are 18 lines dedicated for monitoring LSU behaviour:

o 4 different temperatures,

5 different voltages,

7 different currents,

two analogue status signals (power and frequency)

The set of CMOS, HS9-1840 type switches is used for choosing the parameter to be monitored. All the
signal lines are commutated. It is assumed that, before commutation, all the signals (mostly present as
floating at the source side), are refereed to the common AGND return. In order to minimise the noises also
the AGND lines from different modules are commutated accordingly to the module where the signal has to
be monitored is generated.

The commutator needs about 1ms time for switching.

The A/D conversion is done in 16 bit converter, 7809LRPR type. The conversion is initialised by the
command from LCU controller. It is foreseen to read the HK data in two steps: first to send the command for
choosing the MUX channel and then, after 1ms minimum to start the conversion and read the data. The A/D
Converter is enough fast to convert the signal and send back to microcontroller the digital data within one
cycle of ICU HK request.

All the digital lines are separated from HK block trough optocouplers. There are 18 lines to be separated.
The low power 6N140 optocouplers from HP are preferred type (4 in one IC, 0.5mA forward current).

1ma current source is used for supplying the Pt500 thermistors inside LOA. This source is commutated
between the different sensors. Only one sensor can be read at a time.

The figure below shows the scheme of A/D converter and temperature sensor’s 1mA current source. The
multiplexers and instrumental OPAMP (buffer between the multiplexer output and A/D)

LCU Main Bias Generator (LCU/MBG)

The LCU Bias Generator is one of the most important and difficult part of the LCU. The electrical
parameters of the signals (biases) coming from this block have the real influence to the performance of HLO
system.

Main Bias Generator consists of eight independent sources for the Multipliers Biases, two sources for Gate
Biases, two sources for Drain Biases (supply of PA in LOA) and one source for LOA dedicated heaters.
Each of the sources is independently programmed. Each one has the current limiter included. The sources are
grouped: Biases types 1 to 4 in MULBG1 module, Biases types 5 to 9 in MULBG2 module and Gate/Drain
Biases in AMPLBG3 module.

Each one of 13 Bias Sources has two stages:

e Input stage, galvanically connected to common analogue LCU ground and used for programming the
voltage (input buffers, latch, 12 bits D/A converter AD565 type and current/voltage source),

e OQutput stage with dedicated, floating ground used for generation the output bias, limitation the current
and monitoring the current

e Only the Bias Generator #6 output stage has the same analogue ground as the input stage. The bias is
used for the heaters and has natural separation from the chassis (resistors not connected to chassis).

All biases types 1 to 4 have identical scheme, the current and hardware voltage limits are different and
limited by supply voltages and values of resistors in current control loop.

OP U2-A is used as differential OPAMP (floating return line). OPAMP U2-C closes the loop for output
voltage stabilisation. T1 is used as output driver. T2 and T3 are used in current source (-50 pA) configuration
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for limitation the current in negative bias polarisation. OPAMP U3 and T4 limit the current in positive bias
polarisation (+3 or +10 mA). U4-A/D in instrumental OPAMP configuration are used for current monitoring.

The output stages of bias types 7, 8, 9 have the reverse polarities compared with the types 1 to 4. The
transistor current source (-50 uA) is used for current limitation in positive bias polarisation. The transistor
output driver works with negative supply. The —3/-5/-10mA current limitation is done in OPAMP and
transistor loop.

The Bias Generator type 5 (+/-2mA current source) is similar to types 5-9. The main feed back loop is closed
through current sensor (OP42) in order to programming the output current. The additional 54HC4066 switch
is implemented at the output of the generator. When the generator is not connected to the band (no load for
the current source) this switch stays closed and gives the proper load for the current loop. The output current
is programmed to zero mA and the output voltage stays at zero level. The switch stays shorted up to the
moment when the relays in interface board are closed (band is connected) and proper load is visible at the
bias generator output. Then the switch is opened and the microcontroller can start programming the ramp for
the proper bias current. Shorting the switch when the generator is not used lets LCU to avoid the voltage
saturation at the output of the unloaded current generator.

The Bias Generator type 6 (+339mA current source) proposed for supplying the dedicated LOA heaters is
similar to type 1-4. The power MOSFET is used as transistor driver in positive current polarisation. The
negative current source is removed (power levelling needs only one, positive polarisation).

In the Bias Generator used for gates supply the complementary transistors are used as an output driver. The
current limitation is done in both polarities by OPAMP loops.

The scheme bias generator used for Drain supply is similar to type 6 one (heater). Power MOSFET is also
used. The voltage drop on this transistor is kept as small as possible in order to minimise the power losses —
the driver has to load1.5A max. current. The current limitation is programmable in four steps — 1.22A, 1.3A,
1.4A and 1.5A maximum. The additional driver is used for generation the interrupt when the overcurrent
appears.

LCU to LOA Interface Block (LCU/INT)

There are 14 independent Interface Subblocks between LCU and LOA — one for each of independent Band.
Each Interface Subblock consists of the set of the switches, differential amplifiers and filters.

For the Bands 1a and 1b the set consists of:

o two relay switches for Drain supplies,

two relay switches for Gate biases,

two relay switches for multiplier biases,

one relay switch for dedicated heater

seven HF filters and,

six differential amplifiers for monitoring the biases.

The interfaces to the other bands have different number of multiplier bias lines (and, of course, HF filters and
operational amplifiers).

GP2 bistable relays for Drain and DFIC26 bistable relays for Gates and the multiplier’s low current lines are
used. For each of commuted line the two switches in serial are used. First one switches between the Main
and Redundant Bias Generators. The second one switches on/off the Band and connects this line to return
when the band is off. Note that the switching of both relays is done at the zero voltage programmed from
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Bias Generator. This reduce the stress on the relays contacts and protect microwave components in LOA
against ripples.

The Figure 5.2-22 below shows the idea of commuting the Bands. The commutation of Band 1a and
Multiplier 1 Bias line is shown as an example.

Main Bias Generator #7 = ~60 uH
——

Reserve Bias Generator #7 — l

J_ Bias to stage 1 in Band 1A

12 Ohm | I 1UF/25V T O _I_ 100nF/25V
Bias Generator #7 RTN — Y Y RTN from stage 1 in Band 1A

Figure 5.2-22, The concept of switching the Bands

Temperature Control in LOA

The programmable voltage source is used for powering the resistor in LOA. The source output is referred to
the HLCU common AGND line. Programming is done in 8-bits DACO8 converter.

The source is active all the time when HLCU is powered. Even in Standby Mode it is possible to programme
this source trough 1CU command and HLCU microcontroller.

In addition to the source described above (dedicated for general LOA heater) there are 14 Band-dedicated
heaters in LO. These heaters are supplied from Bias Generator Type 6. Only one, dedicated to the active
band, heater can be connected at the moment to type 6 source. The source is described in the previous
section.

LSU Interface Board

Five different supply voltages (+17V5StdB, +17V5, +10V5, +9V5 and +7V5) dedicated for LSU are
monitored in LCU. Two analogue lines (PWR TLMY and FREQ TLMY) from LSU are monitored in LCU.
These lines have different return lines at LCU side. The set of seven differential OPAMPS is used for
monitoring the lines in floating ground configuration.

The LOCK1, LOCK2 and LOCKS3 status signals from LSU are connected to LCU digital part through 3
optocouplers located in LCU. The status of these lines are available for microcontroller through input port
implemented in FPGA.

The serial digital command interface between LCU and LSU is performed via five optoisolated lines: two
address signals (ADDRO and ADDR1) that indicate the command being sent, one Load, one Data and one
Clock signal. The optoisolators are located in LSU, the drivers for them are implemented inside FPGA. All
signals are normally low (“0” or no clock) at the optoisolators inputs (LEDs in optocouplers are not
powered). When commanded, each of five lines needs 2.5mA current in the LED.

5.2.6 Wide Band Spectrometer

The WBS subsystem based on 2 acousto-optical 4-channel Array-spectrometers including IF-processing and
data acquisition. Each spectrometer consists of two separate units:

the Optics Unit (WOH/V)
In the WOH/V the pre-processed IF signals are analysed with acousto-optic technique.
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Electronics Unit (WEH/V).

The WEH/V IF section processes the Intermediate Frequency signals

(4-8 GHz) from the FPU to the four input frequency bands of the WOH/V (4 x 1.55-2.65 GHz).

The WEH/V electronic section controls the subsystem, the data acquisition and the communication with the
Instrument Computer (ICU).

control
&
WBO - H power

10 MHz from LSU

28V S/C
4xIF |

command
~| WBE-H U P

- ICU-R
WBE -V data

FPU | 4-8 GHz

4XIF1 ‘
28V S/C

10 MHz from LSU

WBO -V control
&

power

Figure 5.2-23, Scheme of the WBS Subsystem (two polarizations)

A scheme of the set-up is shown in Figure 5.2-23. The optics and the electronics unit will be integrated into a
separate box. To cover 2 x 4-8 GHz input signals from the FPU two complete spectrometers (horizontal +
vertical polarisation) are needed. For redundancy reasons both spectrometers are fully independent.

526.1 WEH/V

IF unit

Amplifies and conditions the IF signals from the FPU

Divides input IF band (4-8 GHz) into 4 sub-bands (1.1 GHz bandwidth)

Down-converts the 4 sub-bands to the input frequency band of the bragg cell

(1.55-2.65 GHz)

Provides an adjustable attenuator (4 bit) for setting the correct signal level

Provides an adjustable attenuator (3 bit) for each subband to adjust the WOH/V input levels individually
Provides a commandable comb generator for frequency calibration

Provides a commandable zero switch for receiver noise-temperature measurements
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Electronics Unit

e Converts the analogue CCD video signals into digital data
Co-adds the data up to the requested integration time
Sends the data to the ICU

Generates housekeeping data from WOH/V and WEH/V
Controls the operation of the subsystem

5.26.2 WOH/NV

o Spectrally analyses the IF signal with 4-channel Acousto Optical Arrray-spectrometers
e Provides a redundant laser

5.2.7 High Resolution spectrometer

5.2.7.1 Description of the concept

The concept is such that the High Resolution Spectrometer provides the capability to analyse 4 sub-bands per
polarisation, placed anywhere in the 4 GHz input bands coming from the Focal Plane Unit (FPU).

The proposed configuration can accommodate the two polarisations of the IF signal distributed by the
coaxial cables coming from the cryostat. For example, the two units of the HRS can be used to process the
same 4 sub-bands, in the two polarisations provided by the FPU, reducing the integration time and providing
hot redundancy. Both units of the HRS operate at the same time.

The HRS sub-system performs three main functions:

¢ Signal conditioning at the Intermediate Frequency (HRS/IF) in order to provide appropriate power
levels and input bandwidths to the ACS.

¢ Narrow band analysis (High resolution spectral measurement) with the ACS.
e Interface with the Instrument Control Unit (ICU) for transmission of the data, control of the HRS

and synchronization of the measurements.

5.2.7.2 IF processor (HRS/IF)

In each HRS unit the warm IF is divided in four independent channels. It can accept indifferently one of the
two input signals coming from the coaxial cables on the 300 K platform.

In the high resolution, medium resolution and low resolution modes the IF of each HRS unit is associated
with its corresponding signal polarisation, while in wide band mode the IF of the two HRS units are used to
process the whole 4 GHz bandwidth.

On each channel of the IF (one of the eight), the following process is done:

1) the 4-8 GHz bandwidth is amplified and then up-converted and filtered in the 9-10 GHz range
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2) this 1 GHz bandwidth is down-converted and filtered to 1-1.5 GHz

3) an IRM processes this signal and converts it into two 0-250 MHz sub-bands that the ACS can
analyse (upper and lower side-bands: USB, LSB)

4) on each upper and lower side-band, a programmable attenuator controls the power level at the input
of the ACS.

It is possible to set each sub-band frequency independently anywhere in the 4 GHz input band.

5.2.7.3 ACS

In each HRS unit the ACS processes the signals coming from its associated IF. Each 230 MHz band width
input is digitized by a 2 bit/ 3 level analogue to digital converter clocked at 490 MHz. The digital signals are
analyzed with a total of 4080 autocorrelation channels. It is possible to configure the correlator ASICs in
order to provide at least 4 modes of operation as defined below.

Number Number Spectral resolution Channel
Number of (kHz) :
Mode of bands per of lags offset -Hanning type spacing
polarisation ’ channels a odisag'gio)?lIci (kHz)
x bandwidth P
High resolution 1 x 230 MHz 1 x 4080 16 125 67
Nominal Resolution 2 x 230 MHz 2 x 2040 16 240 134
Low resolution 4 x 230 MHz 4 x 1020 16 480 270
Wide band 4 x 460 MHz | 4x2x510 16 960 540

In the correlator ASICs the data can be accumulated in two independent buffers. The buffer selection has to
be synchronized with the chopper position by the ICU. The maximum chopping frequency is 5 Hz. The data
can be accumulated in each buffer up to a maximum of 1.95 seconds. The data readout duration is about 42

ms. The data read out can be done on one buffer when the data accumulation is done on the other (thus with
any blanking time).

5.2.7.4 Redundancy philosophy

Redundancy requirements are applied to the HRS subsystem in order to avoid any single point failure and
provide at least one module (one polarisation of the receivers) still working with capabilities of spectral
analysis over 2 GHz for HRS. Actions taken in order to fulfill these requirements are:

- The two HRS units are independent and powered separately.
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5.2.75 HRS block diagram
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Figure 5.2-24, HRS block diagram

The IF section of the HRS (see Figure 5.2-24) is used to down-convert 4 parts of the input 4-8 GHz
bandwidth into output smaller 1-1.5 GHz bandwidths. These outputs are later processed by IRM modules
(Image Reject Mixers) which finally deliver to the correlator ADC, 4 times 2 output base bandwidth O-

250 MHz.

Each output bandwidth (1-1.5 GHz) is independent and driven by a dedicated tuneable oscillator.
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The IF system is thus composed of three different modules:

— 1 LNA module: its role is to amplify the input signal, to select between two configurations via
a switch and to deliver 4 identical outputs to the converter modules.

— 4 Converter modules: each converter processes its dedicated input and down-converts part of
the 4-8 GHz signal to 1-1.5 GHz. In order to reduce the LO leakages in the bandwidth and
intermodulation products, the Converters realize one up-conversion (part of the 4-8 GHz into
9-10 GHz BW) and finally one down-conversion (from 9-10 GHz to 1-1.5 GHz).

— 4 IRM & Gain control modules : each IRM down-converts the 1-1.5 GHz into 2 base
bandwidths. The first one is called the upper side band USB (corresponding to 1.25-1.5 GHz)
and the second one is the lower side band LSB (1-1.25 GHz). For each sub-band, digital
attenuators are used to tune the output power level to the optimal value.

A switch is included in the LNA module in order to choose which signal polarization to process with which
HRS polarization.

In the “normal configuration”, the switch is commanded to deliver the dedicated input to Converters (i.e.
prime RF input).

In the “wide band mode”, the switch is commanded to deliver the secondary RF input to Converters, it
means to use one HRS section process the cross polarization. In that case, the other section of the HRS can
also process the same polarization. This is useful to double the BW capabilities in the same signal
polarization, or in the case of failures in the front end (for example one mixer is off).
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Figure 5.2-25, Overall description of the IF section
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5.2.7.6 Local oscillators

The tunable 13-17 GHz oscillators are made using ultra large bandwidth VCOs, PLL and amplifiers, and are
driven by synthesizers. The tunable frequency in the 4 GHz band-width is serially programmed via a 3-wire
bus. A 25 MHz frequency step is in agreement with the scientific requirements.

All the oscillators (including the 10.5 and 1.25 GHz ones) are phase-locked to insure frequency stability (the
tenth of the minimum 82 kHz resolution) with a distributed reference (provided by the LOU).

FHHRI-LOH & -LOV
Local oscillators polar H or V

13~17 GHz
o2,
Lo1,
Los,
< LO 6
o317 GHz
sty Lo4,
PLL|{ L8

Syl FD1

10MHz
0dBm
Command & Housekeeping
—Cmd& 10 MHz
K Power Supply

—‘ Distribution IF polarisation
Power Supply k P

Figure 5.2-26, Distribution of the LOs
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5.2.7.7 IRM description
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Figure 5.2-27, IRM bloc diagram

IRM devices are advocated for two main reasons: the loss of spectral channels due to the filter shape is half
that of classical frequency shift filter banks; an IRM provides two contiguous bandwidths used by the very
high resolution mode (see below). However, these devices also have drawbacks: frequency gap and rejection.

The frequency gap corresponds to the loss between the upper and the lower side band. This unavailable
bandwidth should be of the order of one or two channels.

The non-infinite rejection of an IRM means that for a strong source in the image band, an unexpected signal
may appear in the signal band. The goal is 30 dB but 25 dB rejection is acceptable. All of the strong
"spurious" signals are likely to be eliminated by software (especially for the frequency-switch observing
mode).

Recent developments made at IRAM for broad bandwidth IRMs confirm the powerful capabilities of these
devices.
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Figure 5.2-28, Down conversion in an IRM

5.2.7.8 Gain control (programmable attenuators)

In order to keep the output signal power at the best value for the analogue to digital converters a
programmable attenuator controls the power level. A 0.5 dB precision step is sufficient for the application
(corresponding to less than 0.5 % correlator efficiency loss). Because the power variation over the 4 GHz
bandwidth is about 10 dB, a 32 step 15.5/0.5 dB attenuator will be used.

5.2.7.9 Frequency plan

LO, LO; Lo, ,
125,(IRM) .-+ 105 13~17GHz,

9 (Signal| |¢ Image f
' : — >

0O 2 4 6 8 10 12 14 16 18 20 22 24 26(GHz)
Figure 5.2-29, Frequency plan

The frequency plan reveals nothing tricky. Our well-designed IF concept is foreseen to avoid any LO in
signal bandwidths, then to insure good isolation versus oscillators, third order mixed signals and spurious
signals.

5.2.7.10 Autocorrelator section (ACS)

The ACS is made of a correlator board and a clock module.

On the correlator board the 8 ACS input signals are digitized using 2 bit / 3 level analogue to digital
converters clocked at 550 MHz. The digital signals are then processed by the correlator ASICs. By
configuration it is possible to associate the correlator blocks together to build 510, 1020, 2040 or 4080
channel correlators. Some data corrections and the Fourier transform of the correlation functions are made
on-ground to obtain the spectral power density of the input signals.
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Figure 5.2-30 Block diagram of a correlator block. It is made of one sampler ASIC,two GaAs
correlator ASICs and one CMOS correlator ASIC
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Figure 5.2-31 Block diagram of the ACS module fed by 8 analogue signals from the IF. It is made of 8
correlator blocks, a FPGA, a clock distribution, a signal interface with the IF module and a signal
interface with the ICU.
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5.2.7.11 ASIC - Sampler

The sampler performs the analogue to digital conversion of the input signal to a 2 bit / 3 level digital value
that feed in the correlator ASICs. It is clocked at a 490 MHz rate. To obtain the 2 bits (“sign” and “value”)
the analogue signal is compared to a +V and -V reference level. The input signal amplitude is adjusted with
a programmable attenuator in the IF module to optimize the ACS efficiency (theoretically 81% with a 3 level
guantization).

The samplers are built in an analogue ASIC. The technology used is BiICMOS 0.8 microns (BYE from
AMS), 2 metal layers, 2 poly layers. The power consumption of each sampler is around 200 mW.

5.2.7.12 ASIC - GaAs

A GaAs ASIC clocked at 490 MHz calculates the correlation function over 255 channels. One more channel
is used to measure the offset of the input signal. The correlation coefficients and the offset are summed in 7
bit registers. The over-flows of these registers are transmitted to a CMOS correlator ASIC .

The technology used is the GaAs 0.5 microns DCFL (Digital Coupled FET Logic) from Vitesse Semi
Conductor with MESFET transistors. This technology is intrinsically radiation hardened.

(more details are given on this ASIC in RD4)

5.2.7.13 ASIC - CMOS

A CMOS ASIC is associated to a couple of GaAs ASICs. For each GaAs ASIC it performs the followings:

o it gets the data from the two GaAs ASICs (correlation and offset channels)

¢ in each channel it accumulates the data in two separate 21 bit buffers (selectable by command)
e it counts the integration time synchronously with the 490 MHz clock

e it sends the data to the ICU

e it receives and transmits the configuration to the associated couple of GaAs ASICs

Each channel is computed in a 30 bit register (7 bits in the GaAs ASIC and 23 in the CMOS ASIC).
The data readout is done on the 21 most significant bits only.

The technology used to build this ASIC for the qualification and the flight models of the HRS is the TEMIC
MH1RT Rad tolerant 0,35 um pre-diffused technology.

5.2.7.14 FPGA
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The HRS is interfaced with the ICU by a FPGA located in the ACS module.

The functionalit

ies realized by this FPGA are:

- Receive and decode the commands from the ICU

- Process the commands addressed to the ACS module

configure the correlator ASICs

start an integration

stop an integration

request a correlation channels read out
do a reset of the correlation buffer A
do a reset of the correlation buffer B
do general reset of the correlator ASICs
do a reset of the FPGA itself

select buffer A for integration

select buffer B for integration

set the frequency of the 550 MHz LO

- Process the commands addressed to the IF module

chose the input signal
set the LO frequencies
set the programmable attenuators values

- Readout of the HRS House keepings

- Transmit of the correlation and HK data to the ICU

- Provide the synchronization signal to the DC/DC module

The ICU commands that does not fit the specified format are ignored. The FPGA does not verified the
consistency of the command sequence.

5.2.7.15 Clock

distribution

In the ACS section a module generates two 490 MHz signals which are distributed on the correlator board to
the sampler ASICs. This module also provides a 10 MHz clock to the FPGA. This module is synchronized
by the 10 MHz reference provided by the IF module.

The frequency of the “490 MHz signals” can be tuned by command via the ICU and the FPGA from
425 MHz to 600 MHz by step of 25 MHz.

5.2.8 Instrument Control Unit

5.2.8.1 OBS Architectural Design




SRON

Netherlands Institute for Space Research

HIFI

HIFI USER MANUAL
VOLUME 1

Doc. no. : SRON-U/HIFI/UM/2004-001
Issue 140

Date : 14 July 2008

Category :

Page 1 222 of 295

5.2.8.1.1 The ICU/VIRTUOSO/OBS System

The ICU OBS will run under VIRTUOSO, an operating system designed for use in DSP environments,
where speed of response to interrupts is usually critical. This environment allows the implementation of a
multitasking application: a VIRTUOSO task in the OBS is an independent module consisting of one or more
C routines, with its own thread of execution and set of system resources. It performs a well-defined function
or set of functions and communicates information to other tasks. Tasks can be assigned priorities depending
on their criticality: VIRTUOSO will assign CPU resources accordingly. Task intercommunication and
synchronization is accomplished through a set of services like semaphores, events, FIFO messages, that are
entirely managed by VIRTUQOSO.
In the HIFI OBS, VIRTUOSO FIFOs and memory pools have been used for the inter-task communication:
the origin task writes data into the memory pool and sends a FIFO message containing the pointer to the data
block in the pool. In this way the only data that are moved across the system, are the pointers to the frame
buffers. The task synchronization has been implemented by using Virtuoso events and semaphores.
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Figure 5.2-32, ICU OBS Architecture Context Diagram

5.2.8.1.2 Hardware/Software Interactions
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The ICU interfaces with the Herschel spacecraft computer on one side, and with instrument subsystems on
the other side. This is represented in the Architecture context diagram reported in Figure 5.2-32.

The spacecraft interface is implemented via a MIL-STB-1553B interface according to specifications
contained in RD-20; the packet-level protocol is handled by the interrupt-driven OBS task TMTC (see
section 5.2.8.7.3). The subsystems interface is implemented via slow and fast serial links to the six HIFI S/S
(see RD-3 section 4.4). The slow bi-directional links used to send commands and receive HK parameters
from the from/to the S/S are handled by the OBS task LS (section 5.2.8.7.4). The fast mono-directional links
used to receive science data from the S/S are handled by the OBS task HSO (section 5.2.8.7.6).

5.2.8.1.2.2 HW Interrupts

There are three interrupt lines available on the HIFI ICU. In ascending order of priority, they are dedicated to
the ICU FIFOs (where the science and HK data on the fast data links from the spectrometers are received),
the MIL-STD-1553B interface to the CDMS, and the ICU internal timer. The low-level interaction of the
interrupt lines with the VIRTUOSO kernel is done through small standard assembler Interrupt Service
Routines, called ISRi_Handler in the main OBS Architecture Diagram. The only function of these assembler
ISRs is to transfer control to a C module by raising a VIRTUOSO Event; the target C module can either be
directly associated to the interrupt via this event (using the VIRTUOSO call KS_SetEventHandler) or it can
be put in a wait state on the VIRTUOSO Event. We briefly describe below the three interrupt lines available
on the HIFI ICU; the tasks and modules mentioned are described in detail in the rest of the document.

5.2.8.1.2.2.1 The TIMER Interrupt

This is the highest priority interrupt. The ICU timer is used by the Virtual Machine VM interpreter (see
section 5.2.8.1.2.3) to implement the SubSystem commanding at exact times with a less than 10
microseconds jitter. The ICU timer is basically a down-counter starting from a programmable number (in
microseconds); when the down-counter reaches 0 it sends the Interrupt signal. This interrupt is served by the
irg3.s routine, which transfers directly, not via an event, but via a direct call to the vm.c C routine, the
control to the VM interpreter.

5.2.8.1.2.2.2 The 1553 Interrupt

This is the second highest priority interrupt. This interrupt line is utilized by the MIL-STD-1553B Advanced
Computing Engine (ACE) chip that interfaces the ICU to the CDMS. The ACE is software programmable to
associate the interrupt line to any 1553B event (like reception of messages on particular SAs, reception of
Mode Codes, etc.). This interrupt line is served by the irg2.s routine that raises the ISR_1553_Event; this
event is associated to the ISR_1553 C module which is configured as a VIRTUOSO Event Handler, that is
the real Interrupt Service Routine for this interrupt. Once the Event Handler has completed execution it can
decide if the control has to pass to other tasks waiting on that same event.

5.2.8.1.2.2.3 The FIFO Interrupt

This is the lowest priority hardware interrupt. This interrupt is reserved to the FIFOs on which the science
data coming on the fast data links from the SubSystems are received. This interrupt line can be programmed
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to any of the empty/half-full/full states of the three HIFI ICU FIFOs (it is a single physical line that is
multiplexed and managed by an FPGA). The adopted setting is to trigger the interrupt at Half-FIFO-Full.
This interrupt is managed by the irg0.s routine that raises the IRQ0_Event that in turn triggers the HSO task.

5.2.8.1.2.3 The Virtual Machine

The VM is a special command line interpreter implemented on-board in order to control the SS (via the LS
I/F) in all the situations where the variation in time distance between commands must be less than few msec.
In particular, the driving requirement for the VM is OBS-CSR-PEO03, related to the time sequence constraints
between SS commands during an observation, where a minimum time jitter of 10 ps is required for WBS
commanding.

It is clear that, in a multi-task OS as VIRTUOSO, the only way to achieve the 10 us and probably a 10 ms
constraint is via an Interrupt Serviced Routine (with a high priority interrupt). It is also evident that once it
has been decided to implement the interrupt environment, every command in the sequence should be sent via
interrupt, so that all the commands will have the same (10 ps) jitter in the time sequence.

This concept is implemented in the ICU OBS via the Virtual Machine, a state machine able to interpret and
execute at a precise timing a set of so-called OPCODEs (32-bit words) that provide basic functionalities like
reading and writing into memory locations, register operations (shift, add), reading and writing to the S/S
interface. The set of OPCODESs currently available can provide the typical functionalities of high-level
programming languages like: variable definition, ‘if* statements, conditional loops (e.g. ‘do while’) etc. The
results in an “ad-hoc” programming language in which a complex observing procedure can be reduced to a
series of OPCODEs and thus simply loaded as a series of 32-bits words.

The complete description of the VM implementation is found in RD-22.

5.2.8.2 HIFI OBS
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Figure 5.2-33, The ICU OBS Architecture Diagram.

The OBS application interfaces are reported in the context diagram in Figure 5.2-32. The first level of
decomposition of the application is reported in Figure 5.2-33, where, for better clarity, all the processing
tasks have been grouped in one only box, which will be divided into all the component tasks in the diagram
reported in Error! Reference source not found..

Control exchange between tasks is implemented using Events, Semaphores and VIRTUOSO FIFO message
Queues. These VIRTUOSO System Objects are described in some detail below; here we also mention that
they can be, and are, also used in the OBS to transfer data between tasks.

Whenever a parameter or a group of parameters computed by a task is to be made available to other tasks,
without the need to transfer control at the same time, we will use global variables. This because parameters
cannot be passed from one task to another just as one would do with routine calls.

5.2.8.2.1 Tasks

The following table lists all the OBS tasks together with a short description of their functions and the
associated priorities (the lower is the number, the higher is the priority):
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Task Name Function Notes | Priority

START_UP It performs the OBS and 1553 interface initialization. It is the first 6

(ENTRY_POINT) | task to start and dies upon completion.

TIME TASK Keeps up-to-date the relationship between the internal DPU clock 3

- and the S/C clock.

TMTC It manages the TC and TM packet exchange with the CDMS. 6
Checks the header of the received TC packets, issues appropriate

CMD_SEQ TC verification reports and, upon positive verification, interprets 10
and trigger their execution.
Task responsible for reading the ICU FIFOs, at the maximum

HSO possible speed. The data are put into an intermediate buffer in the 2
order they have been read, in order to be accessed by the data re-
ordering task.

HS1 Task responsible for the FIFO data re-ordering. The data frames 9
are prepared in order to be packetised.

HS ELUSH Task responsible for the FIFO flush at the end of the 8

- measurements.

DATA_HDL Task responsible for the FIFO data analysis (in case of tuning) 10
and packaging.
It handles the onboard Low Speed interface, managing the

LS dispatch of commands to the subsystems and the reception of 10
parameters to/from the subsystems.
Task that collects ICU and instrument parameters and generates

HK_ASK periodic HK packets. It is responsible also for the HK limit 10
checking and of the implementation of the autonomy functions.

SINGLE HK Task that collects only a specified subsample of HK, it acts only 10

- upon request.

Task responsibe for the implementation of all functions involving

LS HDL only LCU/FCU interaction (i.e. parameters scan, vector scan, LO 10
tuning)

RES CHK Task dedicated to collect and monitor the OBS HK parameters. 12

VM Not a VIRTUOSO task. It implements the VM procedures N/A
execution, via the HW timer programming.

HS_HDL Task used to implement the commanding of all the instrument 10

tuning procedures on board.

5.2.8.2.2 Events

Table 5.2-26: OBS Task list.

Events are the highest priority VIRTUOSO objects, after the HW Interrupts, to modify the schedule of task
execution. Tasks can be set on a wait state until a particular event defined in the VIRTUOSO Project File is
raised. At that point the tasks that are on wait, start to execute. The following events are used in the HIFI

OBS:
Event Name Raised by: Triggers task:
ISR_1553 Event ISR2_Handler ISR_1553, TMTC

ISR_FIFO_Event

ISRO_Handler HS
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TS Event ISR _1553 TIME
HK_Event LS HK_ASK
NP_HK_ Event LS Single HK
MEAS EVENT LS HS HDL, LS HDL
HS EVENT HSO HS1
HS FLUSH EVENT VM, tuning HS FLUSH
IRQ3 EVENT IRQ3_Handler VM

Table 5.2-27: List of VIRTUOSO Events used in the OBS.
VIRTUOSO overhead to signal an event should be less than 15 [sec (RD6, section A.12).

5.2.8.2.3 Semaphores

While Events have only two possible states, semaphores are counters. They are used when a condition for
triggering a certain task can be set by multiple sources, or can be set many times before the waiting task
starts execution; each time the waiting task serves the semaphore its counter is decreased by 1, until it gets
down to 0. An example is the semaphore that signals that a new Telecommand has been received from the
CDMS; if the OBS is busy executing some process, the TCs can be buffered and the related semaphore is
signalled a correspondent number of times; the TC interpreter that is waiting on that semaphore will serve it
until the semaphore counter is decreased to 0.

Another occurrence when the use of semaphores is to be preferred is in conjunction with cyclic operations.
VIRTUOSO provides a number of system timers that can be configured to automatically signal semaphores.
A typical example for semaphores usage is the periodic HK packet collection.

The semaphores used in the OBS are:

Semaphore Name Function Raised by Triggers
HK_REQ_SEMA Starts the periodic HK packet | /1115050 timers HK_ASK
collection.
. CMD_SEQ, HK_ASK,
S e 190 | s [DL LS DL | Ls
ystems. DATA_HDL
HS HDL_SEMA Used during the abort procedure HS HDL HS HDL
LS HDL_SEMA Used during the abort procedure LS HDL HS HDL

Table 5.2-28: List of VIRTUOSO Semaphores used in the OBS.

VIRTUOSO overhead to signal a semaphore to another task that is on a wait state on that semaphore is of the
order 50 psec.

5.2.8.2.4 FIFO Queues

VIRTUOSO FIFOs are system objects used to transfer control and data to other tasks. FIFOs (First-In-First-
Out) are queues entirely managed by VIRTUOSO. Tasks can be put on a wait state on the reception of
messages on FIFO queues. Contrary to events and semaphores, FIFO messages can bring along parameters
(max 10). The FIFO queues can be specified in the VIRTUOSO Project File with the length of the associated
message and the maximum number of messages that the queue can handle. In case of queues used to transfer
information about the content of internal memory buffers, the pointer to the buffer records location will be
transferred in the corresponding FIFO message. The FIFO queues in the OBS are:
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FIFO Queue Function Sent by: Received by: # #
y: Y| MsG | Words
Notifies that a command is
TC_Queue ready for execution. TMTC CMD_SEQ 4 36
Notifies t_hat anewevent TM CMD_SEQ,
EVENT_TM_Queue | packet is ready on the ERR HDL TMTC 24 36
EV _POOL. -
Notifies that a new HK TM HK ASK
HK_TM_Queue packet is ready on the Sinale Hf( TMTC 24 36
HK_POOL. gle_
Notifies that a complete data
FRAME_QUEUE frame is ready to be | HSO HS1 20 8
reordered.
Notifies that a complete data
SD PKT QUEUE |frame is ready to be| HS1 DATA HDL | 32 32
packetized.
Notifies that a new science
SD_TM_Queue TM packet is ready on the | HS TMTC 728 36
SD_POOL.
Notifies that a high-priority ﬁl\lélDKSSIEQHS HDL
LS HP_Queue command has to be sent to LS _HDL’ - "| LS 512 16
the SubSystem. DAT A_HDL
Notifies that a low-priority
LS LP Queue command has to be sent to | HK_ASK LS 512 16
the SubSystem.
Notifies that a tuning
CMD_SEQ,
HS HDL_QUEUE | procedure step has to be DATA._HDL HS _HDL 20 8
started.
Notifies that a parameter
LS HDL_QUEUE | scan procedure has to be | CMD_SEQ LS HDL 40 40
started.

Table 5.2-29 List of VIRTUOSO FIFO Queues used in the OBS

VIRTUOSO overhead involved in sending a FIFO message to a waiting task and reading it, is ~70 [Isec.

5.2.8.25 Memory pools

Memory pools are DM areas where fixed-size 512W blocks of memory can be dynamically
allocated/deallocated to host TCs received or TM packets that are being built for dispatch to the satellite.
These areas are managed as circular buffers where read/write pointers are held and updated in static
structures that also keep track of usage status of each block (e.g. which task reserved a particular block) and
of the whole pool (number of used blocks); when the block usage is greater than 80% an event TM packet is
generated. Each pool is specified with the maximum number of blocks that can be allocated, while the size of
each block is fixed. The Memory Pools defined in the SPIRE OBS are defined as follows:

Pool Name

Usage

# of Blocks

Size

TC_POOL

Telecommand Packets

32

512
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EV_POOL Event Telemetry Packets 24 256
HK_POOL | HouseKeeping TM Packets 24 2048
SD_POOL Science Data TM Packets 32 32960
STF _POOL | Science start data frame pool 32 512

Table 5.2-30: List of Memory Pools used in the OBS.

5.2.8.2.6 OBS Architecture: Tasks description

With reference to Figure 5.2-33, the OBS includes a START UP task, with the highest priority, which run as
soon as the PROM switch-on procedure is completed and the control is passed to the OBS application.

This task makes all the initializations that aren't made automatically by the VIRTUOSO using the application
configuration files.

OBS includes also a TIME_TASK dedicated to the onboard time synchronisation.

When the synch signal provided each second by the CDMS via the 1553 I/F (mode command "synchronize
without data word" transmitted in slot 1 of sub-frame 1) is received, the IRQ2 interrupt is raised and the
corresponding Interrupt service routine ISR2 is called. In this case, the routine generates the TS Event,
which in turn enables the TIME_TASK task.

The task reads the time stamps from the 1553 (1/65536 sec precision) and from the VIRTUOSO Low
Resolution timer (1 msec thick) and stores them in appropriate locations. Each time the synchronised
onboard time is needed, a routine (getTS()) that calculates the offset between the two clocks taking into
account the different precisions and the possible wraparound of the LR timer shall be called.

All the other OBS tasks, dedicated specifically to the implementation of the commanding on board, have
been grouped in the OBS_Processing component, whose detailed decomposition is reported in the following
section.

5.2.8.2.7 OBS processing decomposition

OBS PROCESSING is a component introduced in the architecture in order to ease the readability of the
architecture diagrams. It is not mapped into a single task, but contains all the tasks related to the
implementation of the commanding onboard, as shown in the architecture diagram reported in Error!
Reference source not found..
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5.2.8.2.7.1 OBS architec

Figure 5.2-34, OBS processing task decomposition.

ture: CMD_SEQ

This is the main task of the OBS. It is in charge to check, interpret and execute all the received TCs.
CMD_SEQ is in a wait state until a VIRTUSO FIFO message is received from the TMTC task, notifying the

availability of anew TC. C

MD_SEQ reads the TC from the TC_Pool.

All the functions necessary to exploit the task activities are organised into three modules: cmd_seq.c,
mem_serv.c and cmd_exec.c. The module cmd_seq.c contains the task main and the TC_acceptance
procedure, in charge of interpreting all the received TCs. In Figure 5.2-35, the data exchange between the

three modules belonging to

the task is reported.

All functions in this task will act on the contents of the TCs. The only parameter passed among the various
functions is the pointer to the TC in the TC_POOL. Further, CMD_SEQ performs the complete sequence of
TCs verification steps, down to their "executability” (i.e. the validity of the Application data in the TCs): the
task decodes the TCs and takes the appropriate actions.
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Figure 5.2-35, Module decomposition of the task CMD_SEQ. The task activities are exploited by the

functions inc

luded in the 3 modules cmd_seq, mem_serv, cmd_exec. The module err_hdl is the library

of all functions for genearting TC verification reports and event reports. The module Eeprm is the

library of all

functions necessary to write in EEPROM.

The following classes of commands can be highlighted:

1. ICU commands: Immediate execution directly in the CMD_SEQ task, sequentially to the TC

receptio
a.
b.

e

n.

Memory service commands (Type 6):

Function Management Service Command (type 8) with FID16 and 17, i.e. ICU internal
commands

Time service commands (type 9)

Packet transmission control commands (Type 14),

Connection test commands (type 17)

2. Function Management Service Command (type 8) of the category:
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a. Set Observation ID (FID 1),
b. Notify PDU status (FID 2)
Immediate execution directly in the CMD_SEQ task, sequentially to the TC reception.
In these cases the commanded activity is implemented by functions included into the cmd_exec.c module.
The result of the execution is a set of global variables readable by all other tasks onboard (OBS_Globals
data storage in Figure 3.4.4), containing the present instrument/measurement configuration status.

3. Function Management Service Command (type 8) of the category:

a. Configure subsystems (FID 5 and 12),

b. Configure Spectroscopy (FID 11)

c. Send single commands (FID 14),

Immediate execution directly in the CMD_SEQ task, sequentially to the TC reception.

In these cases the command is translated into atomic S/S commands, which are then stored in the High
Priority Low speed I/F command buffer; a semaphore signal is generated in order to put in the run queue the
LS_Task, which is in charge of the actual command transmission to the S/S. The command is considered to
be executed (and the execution report is issued) when all atomic S/S commands are written into the queue.
They will then be sent out with an interval of 3msec in case of LCU commands and of 1 msec in all other
cases.

4. Function Management Service Command (type 8) of the category:
a. Parameter Scan (FID 7),
b. LO tuning/vector scan (FID 8),
c. LCU IV curve (FID 15).
In these cases the requested activities will be executed by the task LS _HDL. The relevant info for the
execution are passed to the LS_HDL task via the LS_HDL_QUEUE. The TC execution completion is
controlled by the IV_curve task as well.

5. Function Management Service Command (type 8) of the category:
a. Tune (FID9),
b. Calibrate (FID 10),
c. Spectroscopy measurement (FID 11)
In these cases the requested activities will be executed by the tasks HS_HDL and DATA_HDL. The relevant
info for the execution are passed to the HS_HDL task via the HS_HDL_QUEUE. The TC execution
completion is controlled by the DATA_HDL task.

6. Function Management Service Command (type 8) of the category:
a. HKacquisition, periodic and non periodic (FID 3).
b. Autonomy Function (FID 4)
The CMD_SEQ task initialises and enables the periodic HK collection via the HK_Enable event. The
commands related to the configuration of the HK collection are executed in this task, even if the related
procedures have been included into the hk_ask.c module.
The procedures to implement the HK collection are executed in tasks HK_ASK and SINGLE_HK.

The commands belonging to the classes 1,2 and 3 are referred to as “short duration” commands which can be
executed serially to the TC reception and don’t imply a task switch.

The commands belonging to the other classes are referred to as “long duration” commands and their
execution shall be transferred to other tasks so that the CMD_SEQ task will be ready to execute any new
incoming TC as soon as it will be received.
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5.2.8.2.7.2 ISR_1553

This is not a VIRTUOSO task, but it is the Interrupt Service Routine for the IRQ2 interrupt used by the MIL-
STD-1553B interface. Formally, ISR_1553 is a VIRTUOSO Event Handler. The routine is immediately
triggered on the event ISR_1553 Event, raised by the assembler routine isr2.s. ISR_1553 main first updates
the instrument status by writing in SALT of the ACE DPRAM the required information (ACE DPRAM is the
memory buffer internal to the CDMS I/F), and then parses the Mode Code to understand the type of
interrupt. It then passes control to another function Transfer_Handler. If the Mode Code is a synchronize
without data word command, it: i) resets to O the internal ICU SubFrame Counter, ii) raises the TS_Event to
wake-up the TIME_task. If it is a synchronize with data word command it: i) increments the internal
SubFrame counter, ii) decode the data word to understand the address of the RT allowed for TM transfer in
the current SubFrame.

After these interrupt-dependent actions, the Transfer_Handler function checks if a new TC packet is
available from the CDMS, by reading the TC Packet Transfer Descriptor (TC_PTD) from SA27R on the
ACE DPRAM and transfers this information to the TMTC task. It then checks if the previously sent TM
packet has been successfully received by the CDMS by checking the TM Packet Transfer Confirmation
(TM_PTC) from SA10R in the ACE DPRAM. Finally Transfer_Handler checks if there are new TM packets
waiting to be sent to the CDMS by checking the status of the TM_PTR_Queue (that holds the list of TM
Packet Transfer Requests for pending TM packets) and, if the check is positive, transfers the PTR for the
next available TM packet on SA10T of the ACE DPRAM.

Once the ISR_1553 Event Handler has completed execution, its returned value tells VIRTUOSO if the
control should be passed or not to the other tasks (TMTC) waiting on ISR_1553 EVENT. A TRUE returned
value is used if the previous TM packet was downloaded and confirmed by the CDMS. In this case the
ISR_1553 EVENT is passed on to TMTC to load a new TM packet in to the 1553 DPRAM. (see later).
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Figure 5.2-36, I1SR_1553 Module Functional Decomposition.

5.2.8.2.7.3 OBS architecture;: TMTC

This task, together with the ISR_1553 interrupt service routine (see section 5.2.8.2.7.2), handles the interface
with the spacecraft CDMS. It is enabled by the ISR_1553 EVENT raised by ISR_1553.

When enabled, the task reads, checks and interprets the 1553 messages coming from the CDMS and prepares
the TM packets to be read from the CDMS.

In case of TC reception, the data words are stored in the TC_packets buffer (TC_pool), and a message
containing the pointer to the buffer is sent to the CMD_seq task via the TC_queue.

The TM sending is performed by reading the three FIFOs associated to the 3 memory pools containing the
data ready to be sent out: event FIFO (EV_queue), HK FIFO (HK_queue) and Science Data FIFO
(SD_queue). The queues are always read in the order they have been listed (the events have the highest
priority). When a message is found in the queue, with a pointer to a packet ready to be transmitted, the
corresponding memory pool is read and the packet is formatted according to the 1553 protocol (20 bits data
words): if there is space available on the transmission buffers SA11T-SA26T of the ACE DPRAM, the
function Tmtc_IF transfers control to the function Upload Packet. This function, using the information
passed along with the FIFO Queue messages (see section 5.2.8.2.4), copies the TM packet from the relevant
memory pool into the proper SAs on the ACE DPRAM, compiles the appropriate TM PTR and writes it in
the TM_PTR_Queue (where it will be read by ISR_1553, see section 5.2.8.2.7.2).
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If Tmtc_IF is notified by ISR_1553 (with the TC_info data flow) that there is a new TC packet sent by the
CDMS, it calls the Download_Packet function. It reads the relevant SAs from the ACE DPRAM, builds the
TC packet directly in the TC_POOL memory pool and writes the pointer to the TC into the FIFO queues.

Input Processing Output

TC_MSG

CDMS_ACE_DPRAM* — — —p  TCqewe — — — ~
I <
CMD_SEQ
ISR_1553 .
. S~ I _/V
T~ ! — TC_Packet
=~ ~
EV_TM_msg*
— — —p EV.TM_quever — |
HK_TM_msg* ——8
-== % HK_TM_queue*
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Figure 5.2-37, Function Decomposition of module TMTC.

Finally it updates the TC_queue, which is polled by the CMD_SEQ task, and acknowledges TC reception to
the CDMS by copying the TC Packet Transfer Descriptor into the TC Packet Transfer Confirmation on
SA2TT.

5.2.8.2.7.4 OBS architecture: LS

The LS Task (together with the VM Task) is in charge of transmitting commands to the subsystems. The
actual timing of the commands transmission with this task is not predicable due to the multitasking nature of
the OS; a jitter of few milliseconds must be taken in account.

The task can be scheduled by the HK_ASK task, the CMD_SEQ Task, the HS HDL Task, The
DATAPACK Task and the IV_Curve Task via the LS_SEMA. When triggered by this semaphore, the
function LS_main checks the LS _HP_Queue and LS_LP_Queue FIFO queues in this order and reads the
FIFO message which contains three parameters: the actual command to be sent to the subsystem, the address
in the DPU memory where to store the parameter returned in reply by the Sub-Systems, and an event number
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that LS has to raise upon completion. If the MSb of the command word is 1, then it is a Sub-Systems
command. The Send function checks for the availability (IRQ3_flag set) of the low speed I/F (it might be in
use by VM Task) and if not available suspends itself for 2 msec until the port is no longer busy. The function
then writes the command word on the DPU register that maps the write port of the Sub-System interface and
then the LS task is put to sleep for 2 milliseconds. The reason for this particular wait time is the following. In
principle the Sub-Systems should respond within few hundreds of microseconds; in reality the LS task could
be interrupted by interrupts, events, semaphores and FIFO messages that trigger tasks with priority higher
than LS, so the wait time needs to be longer. Another aspect to be taken into account is that, when a task
goes to sleep, VIRTUOSO transfer control to other tasks; this task switch has an overhead of about 100
microseconds so doing fast task switches is not very efficient in terms of CPU usage. A wait time of 2
milliseconds is an acceptable compromise between speed of response and CPU usage efficiency. If an HK is
expected/received, a signal is generated for the HK _ask task when the transaction is completed.
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Figure 5.2-38, Function Decomposition of module LS.

5.2.8.2.7.5 OBS architecture: HK ask
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The HK _ask task handles the periodic HK requests. The OS periodically (every 3 sec is the dafault rate)
schedules the task in the running queue.

The task waits for the timer-driven semaphore HK_REQ_SEMA and checks if HK transmission is enabled
(from CMD_SEQ task).

Then reads a table of SS elementary commands, writes the commands on the Low Speed I/F command
buffer (HK_LS_QUEUE) and waits for task LS signal that all the answers are ready. When all requested HK
have been acquired, it sends a msg to TM_TC task into the FIFO HK_TM_QUEUE and requires a free data
block from HK_POOL, where it writes the received HK data (HIFI: During the periodic HK time, task HS is
appending to the data block the HK data coming from spectrometers).

The scheduling period of the task is set, enabled/disabled by ICU internal commands.

The Task is implementing also the Limit_Check function, which is triggered by a dedicated TC containing
the activation of the limit checking service on one or more HK data (a maximum of 10 data to monitor is
foreseen). If the corresponding HK value exceeds the allowed limit for a number of acquisitions greater than
a maximum number set via TC, then an event report is issued.

The Essential HK packets production is implemented as an activity of this task as well.

Input Processing Output

v

T™MTC

OSTimer — — — —JHK REQ sema* — —\

k_cMD_msc*

CMD_SEQ |- — — — __——» siPqueer —]

ICU_HK* Ls

OBS_HK*

RESOURCE_CHECK

EV TM queue

LS

Events Pool

4
HK_Limit_Check*

HK Pool

\

Figure 5.2-39, Function Decomposition of module HK_ask.

5.2.8.2.7.6 OBS architecture: HSO

This task collects science and HK data on the high speed I/F and stores them in the
HRS_WBS FRAME_BUFFER intermediate buffer.
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The data on the high speed I/F are temporary stored on four 16Kwords (4Kwords in the AVM) deep HW
FIFOs: the "half FIFO full" signal of each FIFO generates a HW interrupt (IRQ 0). This interrupt is served
by a dedicated Interrupt service routine (Interrupt_Handler _ISRO) which runs with the priority assigned to
the Interrupt and raises the IRS_FIFO_Event necessary to start the HS task operations.

Due to the asynchronous operation of the FIFOs, the actual timing of the incoming data is lost and no
cause/effect between commands (on low speed I/F) and received data (on high speed I/F) is possible, at least
in a simple efficient and reliable way.
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Figure 5.2-40, Function Decomposition of task/module HSO.

The HSO Task parses the interrupt registers in order to understand which FIFOs triggered the HALF_FULL
interrupt and starts reading the science frames from the relevant FIFO. A total number of words equal to half
the size of the FIFO is read and put into a temporary buffer (HRS_WBS_FRAME_BUFFER). Whenever a
total number of words equal to a whole Spetcrometer data frame (8210 data for WBS and 4160 data for
HRS) is collected, a message on the FRAME_QUEUE is put in order to signal to the HS1 Task the presence
of new data to be processed. Four different intermediate buffers are foreseen, one per each FIFO.

The hsO_main process (implemented by the function hs0, hosted in file hs0.c) parses the interrupt registers
in order to understand which FIFOs triggered the HALF_FULL interrupt and starts reading the science
frames from the relevant FIFO. A predefined number of words (the number depends on the ICU model is
hosting the OBS, since the FIFO sizes are different for different models) is read and put into a dedicated
buffer (HRS_WBS_FRAME_Buffer). As soon as an entire frame has been copied, a message on the
FRAME_QUEUE is prepared containing the relevant info for HS1 to retrieve the data from the buffer. The
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buffer is not a VIRTUOSO Pool, but since it can be only accessed by HSO in write mode and by HS1 in read
mode, it has been implmented as an OBS circular buffer handled by the HIFI_Pool_Handler functions.

5.2.8.2.7.7 OBS architecture: HS1

Input Processing Output
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1
Process_data*

OBS_Globals* SD_PKT_QUEUE_MSG

- - - _ Data_Pack

FIFO_data*

/

HRS WBS FRAME POOLS /

Science Data

—> SD_Pool

»
< HK_Pool
HK_Data

Figure 5.2-41, Function Decomposition of the task/module HS1.

The HS1 Task is triggered by the presence of a message in the FRAME_QUEUE. This message can be
prepared either by the HSO task or by the HS_FLUSH task whenever a full frame has been read from the
FIFOs. The HD1 Task has a lower priority with respect to HSO and HS_FLUSH, because it is relatively time
consuming and cannot interrupt the FIFO reading operations.

As soon as this event is trapped, the process hs1_main (implemented by the function hsl, hosted in the file
hs1.c) checks to which FIFO the data belong. This because the data processing is different in case of WBS
or HRS data.

Depending on the FIFO either the Total_Power_wbs or the Total_power_HRS functions (included in the
process “Processa_data” of Figure 3-10 and hosted in the file hsl1.c) are called. In both functions the Frame
raw data are read, coadded (if necessary) and reordered. The commanded coaddition and the other
measurement parameters are read from the Spectroscopy table onboard, that is updated whenever a
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Configure Spectroscopy command is issued. When the expected coaddition amount is reached and a frame is
ready to be packetised, a message is written on the SD_PKT_QUEUE to the DATAPACK Task.
Therefore, the total_power functions:

1. read the data from the HRS_ WBS_FRAME_Buffer,

2. reorder the data according to the final format of the science data packets,

3. writes the data in the SD_Pool (Science_Data_Buffer),

4. extract the spectrometers HK data and write them in the HK pool (HK_Data_Buffer).

5.2.8.2.7.8 OBS architecture: HS FLUSH

This task is involved in the HW FIFO flushing. It is triggered by the HS_FLUSH_EVENT, which is raised
by the Virtual Machine and/or a tuning procedure as soon as the last data transfer command is issued to an
instrument.

It is composed by a single process, hs_flush, (implemented by the function hs_flush, hosted in file hs0.c).
This process: detects which instrument was performing a measurement (this is done by checking the value of
the global variable Meas_spectr); sleeps a time (dependent on the detected instruments) long enough in order
to guarantee that all the data of the last measurement frame have been stored in the HW FIFOs; read the full
frame and prepare a message on the FRAME_QUEUE to HS1 with the coordinates of the frame in the
HRS_WBS_FRAME_Buffer

5.2.8.2.7.9 OBS architecture: DATA_Handler
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Figure 5.2-42, Function Decomposition of task/module DATA_HDL.

The DATA _HDL Task is the one with the lowest priority of the FIFO data acquisition chain. Its purpose is
to prepare the science data packets and the ancillary packets for the TMTC Task.

The DATA_HDL_Main reads the input data info (in the SD_TM_QUEUE) and uses different procedures for
packetising the different spectrometers data (Packetize. HRS and Packetize_ WBS functions in the
“Packetise_Functions” process in Figure 3-11; both functions are in the data_hdl.c file).

In case of total power measurements the full data packetization consists in the preparation of the final science
packets plus one science start frame plus one IF power HK packet per each packetizaton.

The packetization is done according to some commanded parameters: right shift, data coaddition, data format
(16 bit data or 24 bit data), data selection (HRS: full blocks can be selected; WBS: pixels intervals can be
selected). All these parameters are read from the Configure Spectroscopy TC application data by the
CMD_SEQ Task and stored as global variables (Spectroscopy_Table).

The DATA _HDL Task is used also for analysing and packetising the data generated during the various steps
of the tuning procedure.

As soon as a step of the current tuning procedure is finished, the intermediate data (either science data
packets or tune reports) are packetized and the corresponding messages (SD_TM_Msg) are sent to the
TMTC Task. A message containing the relevant info of the finished processing is sent to the HS_HDL Task
(HS_HDL_Msg on HS_HDL_QUEUE).
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The parameter indicating which type of packetising/processing shall be implemented is AID_Spectr. It is a
global variable that can be set either by the CMD_SEQ Task or by the HS_HDL Task.

5.2.8.2.7.10 OBS architecture: Interrupt_Handler_IRS0

Assembler routine needed by VIRTUOSO to handle the DPU IRQO (lowest priority) hardware interrupt
associated with the half-full FIFO status. At the receipt of the HW interrupt it raises the VIRTUOSO event
HS_Event.

5.2.8.2.7.11 OBS architecture: Interrupt_Handler_IRS3

Assembler routine needed by VIRTUOSO to handle the DPU IRQ3 hardware interrupt associated with the
HW Timer. At the receipt of the HW interrupt it starts the execution of the VM program at the current
program counter (Program_CTR) position.

5.2.8.2.7.12 OBS architecture: RESOURCE_CHECK

Low priority task used both to have an indication of the CPU load and to monitor the usage of the OBS
resources. It is executed when no other task is active.

Whenever a new block is requested from a VIRTUOSO Pool, a counter is incremented. The value of the
counters at the HK acquisition time is an indication of the filling level of the memory Pools. To prevent
memory overflow with consequent loss of sunchronisation of the dtaat to be packetised, whenever the 80%
of occupation of the Pools is reached, the currrently running measurement is aborted and an error report is
generated.

5.2.8.2.7.13 OBS architecture: VM

The execution of the VM procedures allows for the transmission of commands to the SS at a fixed time with
a maximum jitter of 10us. The execution is interrupt driven and is started (and possibly terminated) by a ICU
internal command which enables/disables the DSP highest priority interrupt (Irg 3) driven by a 1 MHz
clocked HW timer.

The task reads from a preloaded table (exec_table) the time to the next command and the command to
transmit; it then sets the timer and transmits the command to the SS.

In order to avoid collision on the low speed I/F with the LS_Task, a special (internal) command is foreseen
to lock/unlock (setting the IRQ3_flag) the low speed I/F. The locking command will precede the SS
commands of at least 100 us in order to allow for the possible contemporary (just started) transmission of a
command via the LS_Task.

To start VM the CMD_SEQ task disables the IRQ3, locks the timer and sets it to raise the next interrupt after
few msec. Then the IRQ3 is enabled again. When the interrupt is raised, the VM task is started by the
Interrupt service routine ISR3. The pointer to the exec_table containing the VM code to be executed
(program counter) is read in a global variable filled in by CMD_SEQ.

The VM procedure aborts itself when the END (end of program) opcode in the exec_table is reached. VM is
a state machine running into the whole system in a quite autonomous way.
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5.2.8.2.7.14 OBS architecture: HS_HDL

This task is in charge of executing all TCs involving spectroscopic measurements:

a. Function Management Service Command of the type Spectroscopy measurement (FID 11): in this case
the VM execution is started and the control is passed to the VM task. To start VM the HS_HDL task
disables the IRQ3, locks the timer and sets it to raise the next interrupt after few msec. Then the IRQ3 is
enabled again. When the interrupt is raised, the VM task is started by the Interrupt service routine ISR3.
The pointer to the exec_table containing the VM code to be executed (program counter) is read in a
global variable filled in by HS_HDL.

Function Management Service Command of the type Abort spectroscopy (FID 11)

Function Management Service Command of the type Tuning (FID 9)

Function Management Service Command of the type Calibrate (FID 10)

Function Management Service Command of the type Diplexer scan with Ifpower (FID 7, AID3)

o0 o

The overall implementation of the tuning procedures onboard is shared between three tasks: CMD_SEQ,
HS_HDL and DATA HDL. In addition, the LS task and the HSO and HS1 tasks are involved for the
command sending and the spectrometers data acquisition.

The CMD_SEQ task receives the TC, interprets the request for a tuning procedure, writes the relevant data
onto the HS_HDL_Queue in order to be read by the HS_HDL_TASK.

The HS_HDL_TASK is structured with a main function that reacts to the presence of messages in the input
gueue, reads them and extracts the parameters for the procedure execution, updates the values of the
variables to be shared with the packaging task and calls the requested tuning procedure. In Figure 3-13, the
two modules used to implement the task functionalities are included: tuning and tune_lib, the latter being a
collection of all tuning procedures available onboard. The Err_hdl module is the library of all report
generation functions (error and event report as well as TC verification reports).
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Figure 5.2-43, Function Decomposition of the task/module HS_HDL.

The details of the procedures implemented onboard are reported in section 4.4.
Summarizing what is written in the requirements, the tuning procedures involve the following activities:

- send commands to all the subsystems (e.g. subsystems configuration commands),

- issue HK requests to LCU and FCU,

- issue total power spectroscopy commands to the spectrometers.

- Interpret the LS HK data

- Interpret the spectrometers HK data

- Calculate new settings for the subsystems based on the interpreted data and issue new

commands.

The tuning task is initially triggered by CMD_SEQ, then it issues the first set of commands and/or HK
requests to the other subsystems (via the LS task) in order to configure the subsystems and to acquire the
data necessary for the calculations of the first step subsystems setting. Then, the first step total power
measurement is issued.
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Figure 5.2-44, Tasks usage in a generic “2 steps” tuning procedure.
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At this point the tuning task goes to a wait state, because there isn’t any possibility for it to know when the
spectrometers data will be available for the analysis.

The next activities are triggered by the HALF FIFO full HW interrupt: as soons as there will be enough data
to fill in half the size of the FIFOs then, the corresponding HW interrupt will be set and the HSO task will be
activated by the HS_Event.

The HS data acquisition chain will be triggered up to the activation of the DATA_HDL task. This task (its
tuni_pack component, in Figure 3-11) will packetise and interpret the data according to the tuning procedure
that is presently running: given that this is the only one task able to access directly to the spectrometers data,
the new spectrometers settings for the 2nd step of the tuning procedure are calculated at this stage and are
passed to the HS_ HDL_TASK viathe HS HDL_QUEUE.

The HS_HDL_TASK is then triggered via the HS_ HDL QUEUE and exits its wait state.

The overall procedure is then repeated for the second step, up to the second DATA_HDL task activation,
which causes the second (and last) new spectrometers settings calculation. The new settings are reported in
the final tune report and are passed to the HS_HDL TASK for the final subsystems setting.

5.2.8.2.7.15 OBS architecture: LS_HDL
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Figure 5.2-45, Function Decomposition of the task/module LS_HDL.



o RO N Doc. no.  : SRON-U/HIFI/UM/2004-001
Netherlands Institute for Space Research H I F I U S E R MAN UA L Issue +4.0

Date : 14 July 2008
HIFI VOLUME 1 Category :
Page : 247 of 295

The implementation of the parameters scan procedures (and all procedures involving only LCU and FCU
commanding)onboard is done by the LS HDL task. In addition, the LS task is involved for the command
sending and the HK scan data acquisition.

The CMD_SEQ task receives the TC, interprets the request for a scan procedure, writes the relevant data
onto the LS_HDL_Queue in order to be read by the LS_HDL TASK.

The LS_HDL Task is structured with a main function that reacts to the presence of messages in the input
gueue, reads them and extracts the parameters for the procedure execution and calls the requested scan
procedure. In Figure 3-15, for clarity purposes, the set of parameters scan procedures available onboard has
been represented with a single functional component .

Summarizing what is written in the requirements, the scan procedures involve the following activities:
- send commands and HK requests to LCU and FCU,
- Interpret the LS HK data
- Calculate new settings for the subsystems based on the interpreted data and issue new
commands.
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5.2.8.3 Measurement procedures

5.2.8.3.1 Total power

The flow diagram of the total power procedure implemented onboard is shown in Figure 5.2-46.

5.2.8.3.2 Slow Chop

The flow diagram of the slow chop/frequency switch procedure implemented onboard is shown inFigure
5.2-47.

5.2.8.3.3 Fast Chop

The flow diagram of the Fast chop procedure implemented onboard is shown inFigure 5.2-48.
The following parameters are used:

- HIF_N_WBS START Number of WBS starts during the whole measurement

- HIF_R_HRS Number of HRS-accumulations during one WBS accumulation
- HIF_DEL_HRS Delay time before start-HRS command

- HIF_DEL _WBS Delay time before start-WBS command

- HIF.T_ACC_WBS  Accumulation time of WBS

- HIF_T_ACC_HRS  Accumulation time of hrS

- CHOP_A Chopper position/frequency in modulation phase A
- CHOP B Chopper position/frequency in modulation phase B
- HIF_N_WBS 1 # of WBS start in Fast Chop inner loop.

- HIF_N_HRS_TRANS # of HRS starts in Fast Chop transfer loop.
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- HIF_N_WBS_1 >0

- HIF_N_WBS_TRANS >0

- if HIF_T_ACC_WABS < time spent in HRS loop
then HIF_T_ACC_WABS = time spent in HRS loop

All time parameters are checked and corrected:
T <2ms are changed to 2ms
2ms < T < 5ms are changed to 5ms

Figure 5.2-46, Total power spectroscopy commanding flow diagram
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-HIF_N_WBS_1>0

- HIF_N_WBS_TRANS >0

- if HIF_T_ACC_WBS < time spent in HRS loop
then HIF_T_ACC_WABS = time spent in HRS loop
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All time parameters are checked and corrected:
| T <2ms are changed to 2ms
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‘ end ‘
Figure 5.2-47, Slow Chop spectroscopy commanding flow diagram
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Wait HRS delta time HIF_DEL_HRS
Start HRS

Wait HIF_T_ACC_HRS integr. time
Stop HRS

Swap HRS_H/V buffers

Start HRS H/V transfer

- HIF_N_WBS_1>0

- HIF_N_WBS_TRANS >0

- if HIF_T_ACC_WBS < time spent in HRS loop
then HIF_T_ACC_WABS = time spent in HRS loop

All time parameters are checked and corrected:
T <2ms are changed to 2ms
2ms < T < 5ms are changed to 5ms

- chopper positions are read from TC and passed by
OBS

‘ Wait remaining WBS integration time ‘

\ Stop WBS \

HIF_N_WBS1

Wait 12 msec ‘

- the WBS integration time is HIF_T_ACC_WBS

- the number of HRS starts per WBS integration in this
loop is HIF_R_HRS. Itis always =1.

- at the end of the loop 2 WBS accumulation buffers
shall be transferred and stored in the two OBS
integration buffers

- a number of HRS frames equal to (HIF_N_WBS1)/2
should have been acquired in OBS per each HRS
integration buffer

- HIF_N_WBS1 is an extra parameter read from TC
and passed by OBS

} transfer WBSH/V ‘

Modulate ‘

HRS_H/V reset current acc. buffer
Wait HRS delta time

Start HRS

Wait HRS integration time

Stop HRS

Swap HRS_H/V buffers

Start HRS H/V transfer

HIF_N_HRS_TRANS

Wait remaining time up to 900ms

2 WBS H/V?

HIF_N_WBS_START

- during each WBS transfer, a number of HRS frames
equal to ( HIF_N_HRS_TRANS)/2 should have been
acquired in OBS per each HRS integration buffer

- the HRS integration time is HIF_T_ACC_HRS

- At the end of the overall procedure, in case of
coaddition = 1, we expect to obtain:

Number of WBS packetisations per polarisation =
HIF_N_WBS * 2

Number of HRS packetisations per polarisation=
((HIF_N_WBS1+HIF_N_HRS_TRANS)*2)*
HIF_N_WBS

- HIF_N_HRS_TRANS is an extra parameter read from
TC and passed by OBS
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Figure 5.2-48, Fast Chop spectroscopy commanding flow diagram

5.2.8.3.4 WABS Attenuators Tuning Procedure

In Figure 5.2-49the flow chart of the procedure used for implementing the first iteration of the WBS
attenuators tuning is reported.
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WBS Tuning Procedure
first iteration

Set Zero switch

WBS_start

Wait 1 second

WBSV_transfer

A\ 4

WBSH_ transfer

‘ Set attenuators to maximum values ‘

A 4

‘ Reset Zero switch ‘

v

‘ Set Hot load source ‘

WBSV_transfer

WBSH_transfer

For both polarisation, calculate attenuator correction factors
(see AF-1i diagram)

¢

Command the new attenuator settings
using look-up tables

Procedure steps included

WBS Tuning Procedure
next iteration

Figure 5.2-49, WBS Tuning Procedure — initial Zero scan and 1% iteration.

All integration times are intended to be equal to an integer number of times 10ms + 5 msec, therefore in the
procedure step “Wait 1sec” the actual integration time will be 1005msec. The algorithm used to calculate the
attenuators value is reported in Figure 5.2-50 below:
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WBS Attenuation Factors
first iteration

The initial attenuation settings are:

A, =15
A=7 , =03
i=12,34

v

‘ Split each block in subsets of 8 pixels ‘

‘ Determine median values of each subset ‘

v

For each block, determine the maximum between the median values

,

Calculate the attenuation correction factor:

cf aCmax_Zi

B (Hi _dH )_(Zi _dz)

’

Calculate the new attenuation settings:

A= Max_ Att—(10-log(cf ))

'

The next setting for the common attenuation is:

A, = min(15, A)

'

The next setting for the four attenuators is:

{Atti =min(7,A —A,)

i=12,34

Figure 5.2-50, Attenuation Factors — 1% iteration.

The following flow chart shows the second iteration of the WBS tuning procedure. Note that, with respect to
Figure 5.2-49, the procedure begins now without Zero start and that the integration time has been increased
to the value 2565 msec(see RD3).
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WBS Tuning Procedure
next iteration

‘ WBS_start ‘

'

‘ Wait 2,56 seconds ‘

v

‘ WBSV__transfer ‘

'

‘ WBSH_ transfer ‘

For both polarisation, calculate
attenuator correction factors
(see AF- ni diagram)

¢

Command the new attenuator settings
using look-up tables

Procedure steps included |
in packetise_ ATTWBS2 |

Figure 5.2-51, WBS Tuning Procedure — second iteration.

The algorithm used to calculate the attenuation factors during the second iteration is reported inFigure
5.2-52. Note that, with respect toFigure 5.2-50, the initial settings come from the previous iteration and that
the parameter & is a commanded parameter (see RD3).
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WBS Attenuation Factors
next iteration

The initial attenuation settings are those
coming from the previous iteration except:

o = commanded parameter

'

‘ Split each block in subsets of 8 pixels ‘

v

‘ Determine median values of each subset ‘

v

For each block, determine the maximum between the median values

'

Calculate the attenuation correction factor:

aC —Z.

max 1

o= (Hi _dH )_(Zi _dz)

v

Calculate the new attenuation settings:

A= Aprev—(10-log(cf))

v

The next setting for the common attenuation is:

A, - min(L5, A)

v

The next setting for the four attenuators is:

Att, = min(7, A — A,)
{ i=1,2,3,4

Figure 5.2-52, Attenuation Factors — second iteration.
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5.2.8.3.5 HRS Attenuator Tuning Procedure

The flow chart of the first iteration of the HRS Attenuator Tuning Procedure is reported inFigure 5.2-53.
This tuning procedure employs two lookup tables, LUTa and LUTDb (LUTa is used in this flowchart), that
associate a new attenuator setting to the C* parameter value (see AD8 and Table C-3 and Table C-4).
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HRS Attenuator Tuning
first iteration

Set all attenuators to 13 dB

A
‘ Configure Ultra Wide Band Mode

A
‘ Start a Measurement on both HRS (note 1) ‘

v

Measure the power at the spectrometer:

for each block C* shall be calculated:

C*=2*2048 * CO/ duration

\ 4
Find those blocks where C* is
below the minimum value of
the LUTa

A

- The attenuators of these
blocks shall be set to 6.5 dB
- The other attenuators are

kept at 13 dB

\ 4
Issue a HRS-tune report for
each tuned HRS

HRS Attenuator Tuning
second Iteration

Figure 5.2-53, HRS attenuator tuning — first iteration.

The flow chart describing the implementation of the second iteration of the HRS Attenuator Tuning
Procedure (see AD6) can be viewed in Figure 5.2-54.
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HRS Attenuator Tuning
second lteration

Start a Measurement on both HRS (note 1)

'

Measure the power at the spectrometer:

for each block C* shall be calculated:

C* =2*2048 * CO/ duration

YES

The attenuator of

the block was set
to 6.5 dB in the first
iteration?

y

y

Apply LUTb values ‘ ‘

Apply LUTa values

'

Command the attenuators to
the found settings

'

Issue a HRS-tune report for
each tuned HRS

Figure 5.2-54, HRS attenuator tuning — second iteration.

5.2.8.3.6 Mixer Magnet Tuning Procedure
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The flow chart of the Mixer Magnet Tuning Procedure (see AD6) is reported inFigure 5.2-55.

Figure 5.2-55, Mixer magnet tuning — use HRS.

The mixer magnet tuning can be achieved using either HRS or WBS data. The flow chart is applicable to
both cases. Note 1 (Figure 5.2-56) gives the list of the parameters that shall be measured and stored at each
step before the total power spectroscopy start.

note 1:
measure and store

The parameters that must be
measured and stored are:

- Magnet_current_H
- Magnet_voltage_H
- Mixer_bias_voltage_H
- Mixer_bias_current_H
- Magnet_current_V
- Magnet_voltage_V
- Mixer_bias_voltage_V
- Mixer_bias_current_V

Figure 5.2-56, note 1.

IF power = (2 * zero_lag - duration) / (duration * nr_of_integration)

Figure 5.2-57, Calculation of the IF power in the HRS case.
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The IF power calculation reported in the figure above is referred to one sub-band only. It shall be applied to
all the selected sub-bands. The duration parameter is the duration of the integration (see ADS).

The calculation of the WBS IF power is equal to the average of all pixels data. Thi calculation must be done

for each CCD.

5.3 Functional block diagram

The functional block diagram for the HIFI instrument is given in figure 3-1

5.4 Switching diagram

TBW
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6 INSTRUMENT INTERFACES
6.1 External interfaces
6.1.1 Power interfaces

For the power distribution of the HIFI instrument a distributed approach was chosen, seeFigure 6.1-1.

The FHLCU, FHICU, FHHRH, FHHRV, FHWEH and FHWEYV receive primary power from the S/C power
system. From the FHLCU and FHICU only the main or redundant line shall be switched on at a time. The
FHHRH, FHHRV, FHWEH and FHWEV have only one interface with the S/C power system.

The power-up sequence of the units shall be implemented in the HIFI switch-on procedure. Upon power-up
the units shall automatically set-up in Stand-by mode, according to section 11.1.1.

S/C
PDU
a > FHLCU | —
main
~ > FHLCU L
redundant
FHLOU
— FHLSU
main
-------- FHLSU —_—— — ——
redundant r
o o— > FHICU
main —\—> FHFCU I
main r
R FHIFH I
| FHFCU L |
redundant
| FHFPU
o |  FHICU |
redundant - FHIFV
™ FHHRH |
>
FHHRV |
| | CRYOSTAT
o »
FHWEH FHWOH
| o >
FHWEV FHWOV
+ 28V —
S/C bus Primary power Secondary power
main main
aaaaaaa redundant  ——— redundant

Figure 6.1-1 Power Distribution Diagram
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6.1.2 Data interfaces
See HIFI 11D B, section 5.11

Telemetry Rate:

The instrument produced «raw» housekeeping and science data rates, given for information purposes, are as
follows:

Housekeeping data rate 2 Kbps*

Science data rate 98 Kbps

The resultant housekeeping and science data rate requirements for TM/storage are as follows:
Housekeeping data rate 2 Kbps*

Science data rate 98 Kbps

* Housekeeping data shall not be compressed.

6.1.3 Control interfaces
See HIFI 11D B, section 5.11

Telecommands:

For ON/OFF switching of the HIFI subsystems on the 28 V line the following spacecraft LCL commands are
required:

e FHLCUON

e FHLCU OFF (*)

e FHLCU ON (redundant)

e FHLCU OFF (redundant) (*)
e FHICUON

e FHICU OFF

e FHICU ON (redundant)

¢ FHICU OFF (redundant)

e FHHRH ON
e FHHRH OFF
e FHHRV ON
e FHHRV OFF
e FHWEHON

e FHWEH OF
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e FHWEV ON
e FHWEV OFF

Execution of the above commands may also be initiated by S/C and/or instrument autonomy routines. (see

8.3)

(*) One second before FHLCU switch-OFF the S/C shall send a warning to the ICU, which then shall send
the LO-chain switch-off procedure to the LCU, in order to allow for a ccontrolled transfer to Stand-by Mode.
This procedure cannot be guaranteed in case of an emergency shut down (for instance in case of automatic

switch to safe mode).

6.1.4 Mechanical interfaces
See HIFI 11D B, section 5.3 and 5.6

6.1.5 Thermal interfaces

See HIFI 11D B, section 5.7
Inside the cryostat

Thermal Model FHFPU
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C32 FPU mounting feetto OB
Cooling strap
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Aurerage heat dissipation ind. 20% (mun
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CH Lewveld sub strap support
C& Lewel main strap support
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HO IF-harness
H1 DC-harness
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H32 IF-harness
Ha DC-harness
H5 DC-harness

Figure 6.1-2 Thermal Model FPU
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Outside the cryostat

The table below shows the heat dissipation of the units mounted on the SVM:

Mode: FCU |ICU |IFV |HRV |WEV |wov |Total Pannel -Y-Z
Interm. 13.0 |29.0 |00 0.0 0.0 0.0 41.9

Stand-by [13.0 |29.0 |0.0 |63.3 |257 |15 135.4

Primary 130 |314 |03 |66.3 |257 |15 138.1

Max.Avr. [143 |[345 (04 [69.7 [29.7 1.7 150.3

Mode: LCU [LSU |IFH |HRH |WEH |WHO |Total Pannel -Y
Interm. 00 |00 |00 |00 |00 0.0 0.0

Stand-by |37.6 |36.8 |00 |66.3 |257 |15 169.8

Primary 434 414 |03 |66.3 [257 |15 178.5

Max.Avr. |43.7 [50.3 [0.4 [69.7 |29.7 |17 195.5
The figures in table 6-1present the Nominal dissipation in W for the Intermediate/Emergency and Standby
modes and the Maximum Average for the Primary Mode.

Table 6.1-1, Heat dissipation SVM units

6.1.6 Optical interfaces

6.1.6.1 Standing Waves

Standing waves caused by reflections at the telescope and other structures (the Narcissus effect) will cause a
baseline ripple that will limit the sensitivity of the instrument.

Telescope reflections will occur at the surface of M2 and at the support structure of M2 as far as it is in the
unobscured telescope beam. There may also be unwanted reflections from the cryostat and the various
baffles and heat shields close to the optical path between the telescope and HIFI. The maximum allowed
reflection co-efficient is proportional to the squared ratio between the wavelength and the path length from
the reflecting part to the mixer. The reflection co-efficient is the overlap integral between a Gaussian beam
emanating from HIFI with its reflection from the telescope. The reflection coefficient shall be calculated
under the assumption of a HIFI Gaussian telescope illumination function with an edge taper (apodization) of
—-11 dB.

The reflection requirements given below assume a dimensional stability of the relevant path lengths of 50
pm per hour. They scale (inversely) with the dimensional stability squared.

6.1.6.2 Reflections off the M2 surface

The reflection co-efficient from the telescope M2 and the cryostat baffles and heat shields as seen by the
HIFI FPU shall not exceed the values given in the following table. These requirements shall apply for a feed
horn at any position within the telescope field of view.

| Frequency | M2, baffles & heat shields | M2 support structure
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480 GHz -65.0 dB -75.0 dB
640 GHz -65.8 dB -75.8 dB
800 GHz -66.6 dB -76.6 dB
960 GHz -67.4 dB -77.4 dB
1120 GHz -68.1 dB -78.1dB
1250 GHz -68.8 dB -78.8 dB
1410 GHz -69.6 dB -79.6 dB
1910 GHz -72.0 dB -82.0 dB

Table 6.1-2 The maximum reflection coefficient of the telescope and cryostat structures as seen by the
HIFI instrument as a function of frequency.

6.1.6.3 Reflections off the M2 support structure

Because of the multiple traversals of the primary - secondary path, the reflection requirements are 10 dB
tighter than for the M2 surface and are also given in the preceding table.

6.1.6.4 Transmission criteria for FHLOU Optical Windows

The definition of this interface applies at the normal operating temperature of the CVV

Frequency ranges

Band Lowest Frequency (GHz) Highest Frequency (GHz)
1 480 640
2 640 800
3 800 960
4 960 1120
5 1120 1250
6L 1410 1703
6H 1703 1910

Window locations and sizes

The 7 L.O. beams enter the cryostat outer vessel along 7 parallel paths from the —Y side.

The window diameter in the table is the required free diameter. The number does not include a margin for
misalignment with respect to the FHFPU or FHLOU.

The 30 mm free diameter is required for loss-free coupling of the L.O. signals and will minimize the risk of
standing waves.
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Band Window Location Window Location Window Location Window Diameter

X (mm) Y (mm) Z (mm) (mm)
1 63 -950 + 70 +150 >30
2 63 -950 + 70 +100 >30
3 63 -950 + 70 +50 >30
4 63 -950 + 70 0 >30
5 63 -950 + 70 -50 >30
6L 63 -950 + 70 -100 >30
6H 63 -950 + 70 -150 >30

Window/Filter Transmission Requirements

In their designated frequency ranges, for each of the 7 L.O. channels the combination of the windows in the
outer cryostat vessel and the heat filters in the helium shields shall have a minimum transmission of 80 % at
End Of Life condition.

Standing-wave precautions

For standing waves in the LO beam path the cryostat windows form a serious risk. To prevent standing

waves as much as possible, the following design measures must be taken:

e The windows and filters (if any) shall be tilted so that the angle of incidence and the exit angle shall be at
least 2.0°.

o If heat filters are employed, then standing waves between the window and the filter must be avoided by
tilting the window and the heat filter in opposite senses.

e Surfaces surrounding the windows and filters must also be tilted to avoid standing waves.

Beam alignment

Any beam displacement due to tilting of windows and heat filters shall be identical for all channels and shall
be compensated in the alignment procedure outlined in the FHLOU-FHFPU Alignment Plan.

Alignment windows

The row of submm windows shall be augmented by two optical alignment windows at either end. These
windows shall be coated to minimize reflections in visible light. They shall be used to verify the alignment
in instrument level test and in system tests on the ground. These windows shall be placed at X = 63 mm and
at Z values of = -200 mm and + 200 mm. The required diameter is 20 mm or more. Any differences in beam
displacement in these optical windows and the submm windows shall be compensated for in the FHLOU-
FHFPU alignment procedure (to be written). These windows shall not be used after launch and they could be
closed after the last system-level alignment tests.

Optical quality

All window and filter surfaces shall be flat within 2 microns.
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6.1.6.5 HIFI beam profile

In general the HIFI beam profile can be described as a rectangle with rounded corners. The locations of the
lower left-hand and upper right-hand corners of this rectangle together with the maximum allowed radius of
the corners are given in the following table.

x/'mm Lower left corner Upper right corner Max. corner radius
(, 2 /mm (, 2 /mm /mm

304 (-105, -44) (44, 44) 31

453 (-116, -58) (59, 58) 46

830 (-143, -95) (96, 95) 85

1050 (-158, -117) (117, 117) 108

Figures 6-3 to 6-4 show the HIFI beam profile at the height of the instrument shield (x = 304 mm), the
cryostat hatch (x = 453 mm), the cavity (x = 830 mm) and the telescope primary vertex (x = 1050 mm). All
coordinates are given in the spacecraft coordinate frame with the origin at the centre of the telescope focal
plane.

Xx = 304.0 mm

50

z (mm)

-50

-120  -100 -80 -60 -40 -20 0 20 40
y (mm)

Figure 6.1-3 HIFI beam profile at the height of the instrument shield (x = 304 mm).
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X = 453.0 mm
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Figure 6.1-4 HIFI beam profile at the cryostat hatch (x = 453 mm).

x = 830.0 mm
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Figure 6.1-5 HIFI beam profile at the cavity (x = 830 mm).
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X = 1050.0 mm

100 =
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-150 -100 -50 0 50 100

y (mm)

Figure 6.1-6 HIFI beam profile at the telescope primary vertex (x = 1050 mm).

6.2 Internal interfaces

6.2.1 Interface Matrix

An overview of the external and internal interfaces in the HIFI instrument is given in the Interface Matrix

below:
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FP Subsystem LO Subsystem HRS WBS Subsystem
Subsystem ICU SIC
2|12l T > 2| 2|2 I > T a g 8
T 2IEES2S |F|E |2 |2 |5 |z
FP | FPU E* | E* | EX | O* oMT
Sub-
system FCU E|E EC MT
IFH E E MT
IFV E E MT
* *
LO LOU W E OMT
Sub- LSU EC E E E E MT
system 1) cu c | EMT
HRS HRH C EMT
Sub-
system HRV C EMT
WEH E C EMT
WBS | wev E C EMT
Sub-
System WOH MT
WwOov MT
ICU - ECMT

E: Electrical Interface
O: Optical Interface
C: Command and Telemetry Interface
M: Mechanical Interface
T: Thermal Interface
W: Waveguide Interface
*: Harness or windows provided by ESA

Table 6.2-1, Interface Matrix

Interfaces with the spacecraft are defined in the 11D-B [RD-01]. Interfaces within the HIFI instrument are
described in the HIFI Interface Control Document [RD-03].

6.2.2 Power interfaces

Figure 6-7 shows, the primary power interface from the S/C PDU and the secondary power interfaces
internal in HIFI. The Primary Power harness is defined in section 4.1.1. The Secondary power interfaces are
defined in section 4.3 or in the sub-system documentation.




+28V =
SIC bus

Primary power

main

------- redundant

Secondary power

main
............. redundant

Figure 6.2-1 Power distribution diagram

Figure 6-7shows the secondary power lines in the HIFI instrument.
The Focal Plane subsystem receives its secondary power from the ICU. Units within the subsystem supply
secondary power for those subsystems itself . Therefore they are not specified in this document, but in the
subsystem documentation.

6.2.2.1 Secondary power FCU
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There will be two cold redundant sets of power lines from ICU to FCU. Each set will consist of 6 power
lines: regulated +5V, +15V, —15V and unregulated +8V, +18V, -18V.

The +5V and +8V each shall have its own power return line. The + /-15V shall have one common return
line. The same applies for the +/-18V outputs.

All 4 power returns with corresponding outputs shall be isolated from each other.
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All FCU supply connections shall be isolated from ICU electrical ground and structure ground.

The +5V, + and -15V power returns will be connected to the FCU electrical ground in a star-point and this
star-point will be connected to the FCU structure via a low-impedance connection.

The +8V and +/-18V power returns will connected to the HFPU electrical ground in a star-point and this
star-point will be connected to the HFPU structure.

ICU

electronics

|
1ICU . ! FCU,
| +8V n' o |
| : |
| RTN4 !
i T L5 a : || Analogue !
| :
' o8V g oo R Gireuits |1, Grounded
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Figure 6.2-2, overview of power supply interfaces and grounding. (applicable for
as well main as redundant)

There shall be current limiters for the +5V and +/-15V outputs from the ICU such that:
- the maximum steady state current does not exceed a given maximum over a given output voltage range

- the peak output current, including inrush currents, does not exceed a given maximum over a given output
voltage range.

There shall be over-voltage protection such that the output voltage is limited to a given range when the
output is short circuited to other active supplies.
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No power switching in the ICU for the FCU power supply lines is foreseen, but in the FCU there may be
switches, switching the power to certain parts of the electronics.

The ICU may include common-mode filters at the power supply outputs, such filtering is foreseen in the
FCU.

Performance requirements for the regulated outputs

The table below lists the main requirements on the regulated power supply lines.

Output | Vmin | Vmax VIim Imin Imax Ilim Ripple | Spikes
name V] [V] [V] [mA] | [mA] [MA] | [mVrm | [mVp]
]
+5V +5.8 +6.0 | -0.7...+6.5 50 490 500 50 100
+15V +15.4 | +16.2 | -0.7...+17.3 40 230 300 50 100
-15V -16.2 | -154 | -17.3...40.7 30 170 300 50 100

Table 6.2-2, , FCU power supply requirements, regulated outputs

Vmin is the minimal output voltage delivered when loaded with a current in the range as indicated by Imin
and Imax.

Vmax is the maximal output voltage delivered when loaded with a current in the range as indicated by Imin
and Imax.

VIim is the absolute maximum output voltage, including a (single component) failure or short circuit to
another active supply delivering currents over the Iclamp range.

Imin is the minimum continuous load current for which the output voltage shall be in the range from Vmin to
Vmax.

Imax is the maximum continuous load current for which the output voltage shall be in the range from Vmin
to Vmax.

Ilim is the maximum output current from the supply line for any output voltage in the OVR.
Ripple is the level of repetetive signals in a 10Hz ... 20MHz bandwidth.
Spikes is the level of non-repetetive signals, measured with a 100Hz ... 20MHz bandwidth in a 1sec period.

Ripple and spikes shall be measured when the ICU is loaded with a representative dummy load. Such a
dummy load will provide a dc. load current of Imax, in parallel with a 20uF capacitance in series with a 10
Ohm resistance.

The voltage levels at the load currents as required above shall be delivered over the entire mission life time,
for any combination of environmental conditions including ageing, radiation and EMI.

The maximum common-mode output current from any output shall be 100pArms, over a 10Hz to 10KHz
frequency range, increasing 20dB/decade until 10mArms at 1Mhz. Between 1MHz and 10MHz the common
mode current shall be less than 10mArms.

The common mode load for this requirement is a short circuit.
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Ilim is also the maximum output current for inrush currents. This requirement means that the ICU supply
shall limit the inrush current (transients) to llim, at times when the power to the FCU is switched ON or
OFF. A suitable description of the FCU load on the supply lines is TBD, but for a start one may assume this
load to be a 100uF capacitance with no significant series impedance.

The FCU may also perform internal ON/OFF switching of a (large) part of its circuitry. However, the
switching will be performed such that Ilim will not be exceeded at any time. It is therefore not required that
the ICU supply provides additional current limiting in this case.

Performance requirements for the unregulated outputs

The table below lists the main requirements on the unregulated power supply lines.

Output Vmin | Vmax | Imin Imax Ripple | Spikes
name [V] [V] [MA] [mA] | [mMVrms | [mVp]

]
+8V | +7.0 | +9.0 [ 60 460 300 200

+18V +17 +20 50 330 500 200
-18V -17 -20 40 230 500 200

Table 6.2-3, , FCU power supply requirements, unregulated outputs

Vmin is the minimal output voltage delivered on that supply line when loaded with a current in the range as
indicated by Imin and Imax.

Vmax is the maximal output voltage delivered on that supply line when loaded with a current in the range as
indicated by Imin and Imax.

Ripple is the level of repetitive signals in a 10Hz ... 20MHz bandwidth.
Spikes is the level of non-repetitive signals, measured with a 100Hz ... 20MHz bandwidth in a 1sec period.

Ripple and spikes shall be measured when the ICU is loaded with a representative dummy load. Such a
dummy load will provide a dc. load current of Imax, in parallel with a 20uF capacitance in series with a 10
Ohm resistance.

The maximum common-mode output current from any output shall be 10pArms, over a 10Hz to 10KHz
frequency range, increasing 20dB/decade until ImArms at 1Mhz. Between 1MHz and 10MHz the common
mode current shall be less than ImArms.

The common mode load for this requirement is a short circuit.

Secundary Power IFH/V

The IF Up-converters are power by the DC/DC converter in the ICU, via the secondary power interface with
the FCU. The requirements on the power line to the IF Up-converters are:

Supply voltage 5 +/-0.1V TBC (alternative 10.5V @ 125 mA)
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6.2.3 Data interfaces

The HIFI instrument interfaces with the Spacecraft Command and Data Management System via the 1553-

bus.

Supply current 50 mA (max.) TBC (alternative 10.5V @ 125 mA)

Stability
Ripple level

10 mV / hour
5mV rms

The 1553-bus consist of an A and B bus, as shown in figure 4.4-1.

The FHICU translates the received tele-commands into commands to the other sub-systems. Housekeeping

Maximum rate of change of voltage.

and Science data are packetized and send over the 1553-bus to the CDMU.
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Figure 6.2-3 CDMS Data Interface diagram

FHLOU
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CRYOSTAT

The Serial Data interfaces between the FHICU and the other sub-systems is split-up into three types:
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- Commands: to all units as identified in figure 3-1
- Housekeeping: from the FHLCU and FHFCU

- Science Data and Housekeeping: from the FHHRH, FHHRV, FHWEH and FHWEV.
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| |
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____________ »
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————— redundant

Figure 6.2-4 Serial Data Interface diagram

The interfaces to each of the sub systems are cold redundant, one interface from/to the ICU main and one
from/to the ICU redundant. Cross strapping of the cold redundant interfaces to warm redundant electronic
subsystem chains must be performed by the warm redundant electronics.

The general requirements for the interface circuits are:
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- Clock rate:
- Command to all subsystems: 312.5 kHz
- Housekeeping from LCU and FCU: 312.5 kHz
- Science data and HK from WBS: 250 kHz
- Science data and HK from HRS: 2.5 MHz
- Cable length: <5m

The interfaces employ balanced differential line drivers and receivers, type 26C31 and 26C32, to provide
good common mode rejection and reasonable isolation characteristics.

The parasitic capacitance of the 26C32 inputs lines (to ground) shall be < 20pF, this restricts the length of the
PCB traces between the input resistors and the 26C32 inputs.

The interface cable shall have the characteristics according to the ESA specification:
SCC 3901/013/42.
All signals are active high and use NRZ-coding. All data has to be transferred with the MSB first.

The voltage levels and timing requirements are given in the table below. These values are measured on the
unit connector pins of the receiver circuit.

Parameter Value
Differential voltage:
High level (‘17) Vh>+2.0V
Low level (‘0) VI<-2.0V
Rise and fall time tr,tf <100ns

Table 6.2-4, Voltage levels and timing requirements

6.2.3.1 Command interface
The command interface is applicable to the interfaces from the ICU to the LCU, FCU, HRH, HRV, WEH
and WEV.

The Interface circuit is presented in figure 6-11. It also includes the Housekeeping line (CHKDAT), which
only applies to the interface with the units LCU and FCU.

Each Command interface consists of the following signal lines:
- Clock signal (CHKCLK), from the ICU to each subsystem
- Command data (CHKCMD), from the ICU to each subsystem
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Figure 6.2-5 Circuit diagram Command and Housekeeping interface
Note: The CHKDAT does not apply to the interface with FHHRH, FHHRV, FHWEH and FHWEV.

The Command protocol and timing diagram is shown inFigure 6.2-6. The Command data signal
(CHKCMD) change state on the falling edge of the clock signal (CHKCLK).

Each command consists of: one start bit (high), one mode bit (high), four subsystem address bits (SSAO to
SA3) and 26 data bits (DO to D25).

The subsystem addresses are hamming coded according to Table 6.2-5. The data bits are defined by the
subsystem for which the command is meant.
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Figure 6.2-6 Command protocol

# Start:

Each unit shall respond to commands that contain its sub system address, according toTable 6.2-5.

The two units of the HRS subsystem (FHHRH and FHHRYV) shall also respond to broadcast commands from
which the databits DO and D1 are set to '11'.

The two units of the WBS subsystem (FHWEH and FHWEYV) shall also respond to broadcast commands
from which the databits DO and D1 are set to '00'".

If the subsystem detects a transmission that does not meet the protocol format and/or timing requirements, it
will ignore that command.

A command shall not start within one clock-cycle after the previous command has terminated or the
housekeeping envelope has gone to the inactive state.

SSA-bit | Unit

FHFCU

FHHRH

FHHRV

FHWEH

FHWEV

FHLCU

R = ===
R~ ook |k |lo|k-

ok |o|k ok
R o|lo|k|ok |k |w

Broadcast command
(WBS and HRS only)

Table 6.2-5, Subsystem addresses
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6.2.3.2 Housekeeping interface

This type of Housekeeping interface is applicable to the interfaces from the FHICU to the FHLCU and
FHFCU. The Interface circuit, which is a combination with the Command interface, is presented in figure 6-
12.

The Housekeeping interface consists of the following signal lines:
- Clock signal (CHKCLK), from the ICU to each subsystem
- Command/ HK request data (CHKCMD), from the ICU to each subsystem
- Housekeeping data (CHKDAT), from the LCU and FCU to the ICU

The Housekeeping protocol and timing diagram is shown inFigure 6.2-7. The data signals (CHKCMD, and
CHKDAT) change state on the falling edge of the clock signal (CHKCLK).

A housekeeping request consists of: one start bit (high), one mode bit (low), four subsystem address bits
(SSAO0 to SSA3), ten address bits (A0 to A9) and an envelope. The subsystems have the same subsystem
address codes as used for the commands, see Table 6.2-5. The address bits identify the requested
housekeeping parameter(s).

The envelope shall be active (high) until the full housekeeping response has been received, in any case it
goes inactive (low) after 625 clock-cycles. If the ICU has to transmit a command, when the housekeeping
envelope is still active, than the housekeeping request shall be aborted by setting the envelope into the
inactive state.

A command or housekeeping request shall not start within one clock-cycle after the previous command has
terminated or the housekeeping envelope has gone to the inactive state.

A housekeeping data word consists of: one start bit (high), one mode bit (low), four subsystem address bits,
ten address bits and 16 data bits. The start bit, mode bit, subsystem address bits and address bits are a copy
from the request.

The subsystem shall provide the requested housekeeping data when the envelope is active. It shall terminate
sending housekeeping data within one clock-cycle after the envelope has gone to the inactive state, even if
the data has not been sent completely.

The subsystem shall only respond with housekeeping data to requests, which contain its own subsystem

address. If the subsystem detects a transmission that does not meet the protocol format and/or timing
requirements, it will ignore that housekeeping request.

T
oo BEETERIITIIIE E
“— TTmin —-le
4T max —>{—e—
AgEL BRI [T e[ [TTILTITT1TH

Figure 6.2-7 Housekeeping protocol.
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6.2.3.3 Science Data and Housekeeping interface

The Science Data and Housekeeping interfaces are single direction interfaces, transferring data from one of
the spectrometers to the ICU. A total of four interfaces are foreseen for the WEH, WEV, HRH and HRV.

The circuit diagram is presented in Figure 6.2-8.
Each interface consist of the following lines:
- Clock signal (SCICLK)
- Gate signal (SCIGAT)
- Data signal (SCIDAT)
HRH/V, WEH/V : : ICU

22R

SCICLK 26C31

22R

22R

SCIGAT 26C31

22R

22R

SCIDAT 26C31

22R

9

note: for WBS: Rs = 2.2 kohm
for HRS: Rs =220 ohm

Figure 6.2-8 Circuit diagram Science Data and Housekeeping interface

The protocol and timing diagram is shown in Figure 6.2-9.
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The WBS and HRS send data words over the data line (SCIDAT) within the envelope of the gate signal
(SCIGAT). The Gate signal (SCIGAT) and Data signal (SCIDAT) change state on the falling edge of the

clock signal (SCICLK).

For the HRS and the WBS each data word (DO to D23) consists of 24 bits. The gate signal is active (high)
during the transmission of the data word. The gate signal shall be inactive (low) for at least one clock cycle
between successive data word transfers.

T e I
SCICLK ,u
I
i 1T Min p—te-
! !/ min -
1 =
SCIGAT ' g
| I i
|
I
l
I
SCIDAT 3 ¥ &
l

note: DO =msb
D23 =1Isb

Figure 6.2-9 Science Data and Housekeeping protocol

6.2.4 Control interfaces

TBW

6.2.5 Mechanical interfaces

There are no mechanical interfaces between the HIFI units.

6.2.6 Thermal interfaces

No thermal interfaces have been identified

6.2.7 Optical interfaces

The optical interface diagram is presented in Figure 6.2-10.
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Figure 6.2-10 The optical interface diagram

6.2.7.1 LOU to FPU

The optical interface is defined at a plane between the LOU and FPU. The nominal positions of the Gaussian
beam waists are defined to lie in this plane and to have beams propagating normal to the plane. This interface
definition applies at the normal operating temperatures of the concerned units, these being approximately
120K for the LOU and approximately 10K for the FPU.

6.2.7.2 Nominal LO Beam Definition

The 7 pairs of L.O. beams enter the cryostat outer vessel along 7 parallel paths from the —Y side.

The Gaussian beam waist positions and directions are given with respect to a co-ordinate system aligned
with the spacecraft co-ordinate system but with its origin at the intersection of the telescope axis with the
optical bench. Note that the origin of this system has the spacecraft co-ordinates

(x =-202 mm, y = 0 mm, z =0 mm).
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LO Beam Waist Co-ordinates Waist
Band X (mm) Y (mm) Z (mm) Radius
(mm)
la,b 63 -950 +150 7.5
2a,b 63 -950 +100 7.5
3a,b 63 -950 +50 7.5
4a,b 63 -950 0 7.5
5a,b 63 -950 -50 7.5
6La,b 63 -950 -100 7.5
6Ha,b 63 -950 -150 7.5

Table 6.2-6, Nominal LO Beam Waist Definition

The propagation direction of the 7 LO beams is applicable to both the FPU and LOU as given in Table 6.2-7
in terms of unit vectors.

Mixer Beam propagation unit vectors (arbitrary units)
Band X Y Z
1 0 +1 0

2 0 +1 0

3 0 +1 0

4 0 +1 0

5 0 +1 0
6L 0 +1 0
6H 0 +1 0

Table 6.2-7, Nominal LO Beam Propagation Direction

6.2.7.3 LO Beam Tolerances

With the incoming L.O. beams parallel, the output beams to the mixers shall also be parallel within 2
arcminutes. This will ensure that the LOU and the FPU can be mutually aligned without adjusting the
internal alignment of either Unit.

An analysis of the coupling losses as a function of misalignment can be found in RD-04. The following
tables summarise the maximum allowed deviations from the nominal LO beam parameters defined in section
6.2.7.2 above and are applicable to both the LO beam launched by the LOU and the LO accepted by the FPU
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Mixer Beam propagation unit vectors (arbitrary units)
Band X Y Z
1 0+ 2.0E-3 +1 0+ 2.0E-3
2 0+1.6E-3 +1 0+ 1.6E-3
3 0+1.3E-3 +1 0+1.3E-3
4 0+1.1E-3 +1 0+1.1E-3
S 0+1.0E-4 +1 0+ 1.0E-4
6L 0+ 0.75E-4 +1 0+ 0.75E-4
6H 0+0.67E-4 +1 0+0.67E-4
Table 6.2-8, Nominal LO Beam Tolerances
The angular beam misalignment tolerances are
Mixer angular alignment tolerances in degrees
Band Ox Oy 0z
1 +0.114 +0.114
2 +0.091 +0.091
3 +0.076 +0.076
4 + 0.065 + 0.065
5 +0.058 +0.058
6L +0.043 +0.043
6H +0.038 +0.038

The lateral beam tolerances are:

Table 6.2-9, Angular Beam Misalignment Tolerances

Mixer | Lateral alignment tolerances in
mm
band Ay Az
1 0.75 0.75
2 0.75 0.75
3 0.75 0.75
4 0.75 0.75
5 0.75 0.75
6L 0.75 0.75
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| 6H | o075 | 0.75 |
Table 6.2-10, : Lateral beam tolerances

6.2.7.4 FPU to LOU Coupling

The signal coupling efficiency between the LOU and FPU is described in the following table. These figures
exclude the internal mixer losses.

Band 1 2 3 4 5 6L 6 H
LO injection loss 20 100 05 0.5 0.5 0.5 0.5
dual polarization splitting 3.0 3.0 3.0 3.0 3.0 3.0 3.0
dewar window (20%) 1.0 1.0 1.0 1.0 1.0 1.0 1.0
LOU to FPU coupling loss (16 to 19%) 0.8 0.8 0.8 0.8 0.8 0.9 0.9
Total coupling loss between the LOU and

mixer 248 148 53 5.3 5.3 5.4 5.4

Table 6.2-11 The LO signal power loss budget between the LOU and the mixer stated in dB.

6.2.7.5 LO Beam Polarisation Interface

The LO shall provide linearly polarised beams. The polarisation planes will be rotated 45° from the FPU
input polarisation planes, to achieve good coupling between each of the two LO channels with each of the
two FPU polarisations.

In bands 1 and 2 all polarisations are offset by 18° to allow 10% LO injection without using diplexers.
This offset shall be implemented so that it can easily be adjusted for a different signal-LO split.
The angles are listed in Table 6.2-12.

Mixer Band FPU input polarisation LOU polarisation planes
planes
V-channel H-channel | Sub-band A | Sub-band B

1 18° 18°+90° 18°-45° 18°+45°

2 18° 18°+90° 18°-45° 18°+45°

3 0° 90° -45° 45°

4 0° 90° -45° 45°

5 0° 90° -45° 45°

6L 0° 90° -45° 45°

6H 0° 90° -45° 45°

Table 6.2-12, : Polarisation angles

The polarisation angles are defined as in figure 6-17. +Z and +X denote the directions of the satellite Z and X
axes. 0 is the angle between the Z axis and the E vector.
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Figure 6.2-11 Polarisation angle definition.
6.2.7.6 WAVEGUIDE INTERFACES
The waveguide interface diagram is shown in the figure below.
FHLCU
main
FHLCU
redundant
| FHLOU
FHLSU
main i
FHLSU ¥
redundant | [ e e e— o— o— o—
r
FHICU I
main
FHFCU |
main
FHIFH |
FHFCU
redundant I
I FHFPU
FHICU
redundant I
FHIFV
FHHRH
I
I
FHHRV
I
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FHWEH
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Figure 6.2-12 The waveguide interface diagram
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The fourteen waveguides between the FHLSU and the FHLOU are considered as a separate unit the
FHLWU. They conduct the Local Oscillator source signal (23.7 to 35.3GHz) from the Local Oscillator
Source Unit to the Local Oscillator Unit.
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7 INSTRUMENT PERFORMANCE

7.1  Thermal constraints for external temperature monitoring

7.1.1 Temperature stability

This is important for instrument gain stability. Thermal stability will affect the instrument performance
especially in observing modes involving the relatively slow telescope motions such as position switching and
on-the-fly mapping.

At the frequencies the instrument is observing and operating, standing waves will exist inside the instrument
due to internal reflections. The features in the scientific spectra, resulting from these standing waves, can be
eliminated from the spectra with the signal modulation modes; beam switching and/or frequency switching,
given that the standing waves are stable. This, however, is critically dependent of the optical path lenghts and
high frequency cable lengths and thus of the thermal stability. This results in the thermal stability
requirements in the tables 7.2-1, 7.2-2 and 7.2-3. The required instrument performance is only achieved once
these stabilities are reached.

7.1.2 Operating temperature constraints for the LSU

The master oscillator inside the LSU contains a heater to stabilise at a temperature. At power on this heater
will cause a power surge during a few minutes at power-up. This surge depends on the power-on
temperature. The maximum avarage power consumption in Table 7.3-1, is based on the minimum operation
temperature as listed in Table 7.2-3.

The junction temperatures in the output power amplifiers of the LSU will exceed the derated temperature
when the unit is operated beyond the maximum temperature in Table 7.2-3. This will reduce the lifetime.
The LSU is allowed to be operated in the range of +35 °C and +40 °C for a limited time of maximum 7 days.

7.1.3 Operating temperature constraints for the WOH / WOV

The optical units of the wide band spectrometer contain sensitive optical systems. The mechanical stability
of these systems require the minimum operating temperature as well as the thermal stability as listed in Table
7.2-3.

The diode lasers in these units do have a limited lifetime when operated at a too high temperature. This limits
the maximum operating temperature to the one listed in Table 7.2-3.

7.2 Internal temperature range
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7.2.1 Inside the cryostat

The various instrument stages inside the cryostat require 3 different temperatures. This will be achieved by
strapping the stages to various «cold» parts of the cryostat.
These cryostat parts are:

—  Connection to the He Il tank for lowest temperatures (Level 0)
—  Connection to the He-vent line (Level 1)

—  Connection to the optical bench which is cooled by the He vent line (Level 2)

The table below shows the required operating temperatures at the interface of the instrument unit with the
cryostat or parts thereof:

Project code Operating Stability | Start-up | Switch-off | Non-operating
Min. K Max. K Max K/ | Min°C Max °C | Min. K | Max. °C
@ mw 100s

FHFPU 0 20K 0.015 NA 40 0K +60*
(Level 2) @ 22 mW

Parts of FHFPU ** 0 6 K 0.006 NA 40 0K +60 *
(Level 1) @ 15.5 mW

Mixers of FHFPU 0 2K 0.006 NA 40 0K +60*
(Level 0) @ 6.8 mW

Table 7.2-1 FPU temperatures requirements

Note: Stability requirements apply only for HIFI Prime mode and are with the exception of heat peaks

caused by HIFI instrument.

e Continuous temperature limit, but the FPU is compliant with the bake-out 3 days at 80°C. Taking into
account the ramp-up and ramp down operations between room temperature and 80°C, the complete
bake-out duration will be about 2 weeks.

e ** Strap support, Mixer support and Heat sinks for all mixer wiring.

During cryostat warm-up or cool-down phases:

— Above 50 K the rate of temperature change dT/dt shall not exceed 20K/hour.
— Asagoal the rate of depressurisation/pressurisation dP/dt shall not exceed 100mB/hour.

—  The temperature difference between any pair of temperature levels (L0O,L1,L2) shall not exceed 20K,
when the FPU is powered. Note that after launch abort the L1 and L2 temperatures may raise to more
than 100 K while the LO temperature is still < 4 K. This is a load case which will not damage the
FPU.

7.2.2  Outside the Cryostat

The LOU will be equipped by a compensation heater (controlled by HIFI), used to maintain the LOU
temperature (& dissipation) when LOU is not powered.

The temperature at the CVV-LOU support plate to LOU mounting-plate interface will be according to the
table below:

Project Operating Start-up Switch-off Non-operating
code Min.K | Max.K K C Min.K | Max.C
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[FHLOU | 90 | 150* | 80 | +30 | 80 [ +55

Table 7.2-2 LOU interface temperatures requirements

*+25 C allowed for functional testing

7.2.3 Onthe SVM

The table below shows the required temperatures at the interface of the instrument unit with the mounting

platform or parts of that:

Project code Operating Slope Start-up | Switch-off Non-operating
Min C | Max C | Max mK/sec Min C Max C Min C Max C

FHFCU -10 +40 1.4 -25 +40 -25 +55
FHLCU -10 +40 0.3 -25 +40 -25 +55
FHIFH -10 +40 0.3 -25 +40 -25 +55
FHIFV -10 +40 0.3 -25 +40 -20 +50
FHLSU +10 +35 0.3 +5 +40 -15 +45
FHHRV -2 +40 0.3 -25 +40 -25 +55
FHHRH -2 +40 0.3 -25 +40 -25 +55
FHWEV 0 +30 0.3 -25 +40 -25 +55
FHWEH 0 +30 0.3 -25 +40 -25 +55
FHWOV 7 +15 0.3 -25 +30 -25 +50
FHWOH 7 +15 0.3 -25 +30 -25 +50
FHICU -25 +40 1.4 -30 +50 -30 +60
FHWIH -10 +40 1.4 n.a. n.a. -25 +55
FHLWU -10 +40 0.3 (%) n.a. n.a. n.a. n.a.

Table 7.2-3: Instrument units interface temperatures requirements

(*): This requirement of 0,3 mK/s may be waved for the extremes & peaks excursions

Notes :

—  Temperature stability requirement is to be understood as a slope. The absolute value of the
temperature slope equal or lower than specified has to be guaranteed on the TRP in all conditions
when HIFI is operating.

—  Temperature stability requirements are under the condition of constant power dissipation in the HIFI

units, and applies only for HIFI Primary mode (not Stand-by Mode).

—  For the HIFI SVM units, the SVM TCS will provide monitoring during flight to verify the thermal

slope for timescales >= 100s.

—  WIH (FHWIH) temperature stability requirement applies only to the IF cables (between up-

converters & spectrometer (WEH/V & HRH/V), and between HRH & HRV
—  Operating = HIFI in Primary or Stand-by Mode

— Non-operating = HIFI = OFF

7.3 Heat dissipation
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7.3.1 Heat dissipation inside the cryostat

For the heat dissipation inside the cryostat see Table 7.2-1.

7.3.2 Heat dissipation outside the cryostat

The Maximum Average Power dissipation of the LOU is: 7.0 W , dissipated by internal electronics or
substitution heaters

7.3.3 Heat dissipation on the Service Module

The table below shows the heat dissipation of the units mounted on the SVM:

Mode: FCU ICU IFV  |HRV WEV WOV | Total Pannel -Y-Z
Interm. 13.0 29.0 00 |00 0.0 0.0 41.9

Stand-by 13.0 29.0 00 |66.3 25.7 1.5 135.4

Primary 13.0 31.4 03 [66.3 25.7 1.5 138.1

Max.Avr. |14.3 34.5 04 [70.0 28.3 1.7 149.2

Mode: LCU LSU IFH |HRH WEH WHO | Total Pannel -Y
Interm. 0.0 0.0 00 (0.0 0.0 0.0 0.0

Stand-by  |37.6 36.8 00 [66.3 25.7 15 167.8

Primary 43.4 41.4 03 [66.3 25.7 15 178.5

Max.Avr. |47.7 455 04 [70.0 28.3 1.7 193.6

Table 7.3-1 Nominal dissipation in W for the Intermediate/Emergency and Standby modes and the
Maximum Average for the Primary Mode.

Note: HIFI Primary power dissipation is the only one to be taken into account for the thermal control.

7.4  Power consumption

The estimate for power load on the 28V main bus for the instrument is as the table below:

(Loads on the primary power bus for the different LCL's)

Unit code Maximum Average Long Peak Short Peak
Power.3) EOL (W) (W) (W)
FHICU main 1) 49.6 54.6 68.3
redundant 0 0
FHLCU main 2) 100.2 109 127
redundant 0 0
FHHRH 70.0 76 76
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FHHRV 70.0 76 76
FHWEH 30.0 N.A. 32.8
FHWEV 30.0 N.A. 32.8
Total HIFI 349.8

1) Including power for the FHFCU and FHIFH/V.
2) Including power for the FHLOU and FHLSU.
3) Maximum average of each line are not correlated. They are to be used for sizing the LCL, not for the
power budget (use power dissipation for that).
Each unit with primary power requires separate LCL.

Table 7.4-1 Load on Main bus, Primary Mode and Standby Mode

7.5 Constraints for power consumption

TBD




