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1. Introduction

1.1 Purpose and Scope

This manua gives an overview of the XMM Opticd Monitor (OM) hardware so as to give acontext to the OM
software. It then gives an overview of the ICU and DPU software, with emphasis on the ICU. Further detail s
regarding the cmmands and telemetry can be foundin APR-3 and APP-4 (seebelow). A detailed design description
of the ICU software can be foundin XMM-OM/MSSL/SR0205(APP-8). The User Manual for the DPU can be found
in APR9. A detailed design description of the DPU software can be foundin XMM-OM/UCSB/ML/0013 Where
relevant, additional document references are given.

1.2 Applicable Documents

APPR1
APPR2
APR3
APPA4
APPR5
APP-6
APPR7
APPRS8
APPR9
APPR10
APP11

Padket Structure Definition

XMM Operations InterfaceRequirements
ICU-DPU Protocol Definitions
Teleoommand & Telemetry Spedfication
User Requirements Spedficaion
XMM-OM Bootstrap Spedficaion
Instrument Controller Design Description
ICU Detailed Design Document

User Manual Digital Processng Unit
DPU Detailed Design Document
Software Setup of the Blue Detector Eledronics

XMM-OM/MSSL/ML/00085

RS-PX-0032

RS-PX-0028
XMM-OM/MSS./ML/0011
XMM-OM/MSS./ML/0010
XMM-OM/MSS./SR0030
XMM-OM/MSS./SR0153
RGS-MSS_-1C-0002
XMM-OM/MSS./SR0205
XMM-OM/UCSB/ML/0012
XMM-OM/UCSB/ML/0013

XMM-OM/MSS./SR0077.02
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XMM-OM/MSSL/ML/0008.5

1.3 Terms and Abbreviations

ADC
APID
BCH
BPE
CCA
CCD
CRC
DEM
DEMPSU
DBI
DBU
DMA
DMAE
DPU
DSP
EM
ESA
FID
FM
ICB
ICU
10
ISR
KAL
LSB
MACShus
MFN
MID
MSB
MSSL
N/A
OBDH
oM
oM1
oM2
OMIF
PREF
PROM

RAM

TID

TMPSU
TPN
VBWL
XMM

Analogueto Digital Conversion
Application Identifier

Blue Camera Head (synonym for Detector Camera Head)
Blue Processing Electronics (synonym for Detector Processing Electronics)
Communications Area

Charge Coupled Device

Cyclic Redundancy Code

Digital Electronics Module.

Digital Electronics Module Power Supply.
Digital Bus Interface

Digital Bus Unit.

Direct Memory Access

DMA Enable

Digital Processing Unit

Digital Signal Processor

Engineering Model

European Space Agency

Function Identifier

Flight Model

Instrument Control Bus

Instrument Control Unit

Input Output

Interrupt Service Routine

Keep Alive Power

Least Significant Bit

Modular Attitude Control System bus
Master Function Number

Memory Identifier

Most Significant Bit

Mullard Space Science Lab

Not Applicable

On Board Data Handling

Optica Monitor

Synonym for the Telescope Module
Synonym for the Digital Electronics Module
OM Interface card

Parameter Reference

Programmable Read Only Memory
Packet Structure Document

Random Access Memory

Remote Bus Interface

Read Only Memory

Spacecraft

Spacecraft Elapsed Time

Serial Communications Interface
Spacecraft Interface Bus Adapter
Structure Identifier

Serial Synchronous Interface

To Be Added

To Be Confirmed

To Be Defined/Determined

To Be Implemented

Telecommand Packet

Task Identifier

Telemetry Packet

Telescope Module

Telescope M odule Power Supply Unit
Telemetry Packet Number

Variable Block Word Length

X-ray Multi Mirror
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2. Overview

2.1 XMM Mission
The X-ray Multi-Mirror Misson (XMM) isan ESA spacecraft mission aimed at performing detail ed imaging spedro-
phaometry of awide variety of x-ray sources.

It isdesigned to be along duration (~10 yeas) observatory type misson, open to the astronamicd community.

Itis planned be launched at the end of the century (~1999), placed into a48 hou highly eccentric inclined orbit and
have @ntinuous ground station contad.

The payload is designed to be amutually complementary pacage compased of 3 instruments as follows :-

EPIC - European Photon I maging Camera
RGS - Refledion Grating Spedrometer
OM - Opticd Monitor

2.2 OM Experiment

2.2.1 Science

The OM (Opticd Monitor) experiment is designed to provide opticd coverage of astronomicd sources smultaneously
with the x-ray coverage provided by the EPIC and RGS instruments.

Onboerd opticd observations remove the need for simultaneous ground kased observations which are difficult to

organise, expensive and frequently fail dueto bad observing condtions. Thereis also the alded difficulty of

correlating gourd event times with those from the spacecaft. Furthermore, a spacéorn ogticad monitor alows

extension of the wavelength range into the UV.

Such simultaneous opticd and x-ray information about astronomicd x-ray sourcesisvery important to

understanding these objeds and in particular provides :-

» Opticd variability measurements smultaneously with x-ray measurements.

* Astrometry. (e.g. Identificaion o opticd counterparts)

* Broad band colours/ low resolution spedroscopy.

* Improved spacecaft attitude reconstruction for the x-ray observations.

« Simultaneous correlation of opticd & x-ray events/periods.

e Opticd measurements extending into the UV. (The Hubbe telescope is the only other way to provide this
information but will be too heavily subscribed to perform this function for the XMM misdgon routinely.)

e Ratio of opticd to x-ray flux. (Important for cosmologicd studies of quasars and galaxies).

e Studies of opticd objeds which may have no x-ray counterparts. (Serendipitous data which may be used for e.g.
astro-seismology and micro-variability which may provide insight into the internal structure of such oljeds.)

This copy printed at 11:33 AM on 12-May-00 |
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2.2.2 Architecture Overview
The OM Instrument is composed of 3 units as follows:

TELESCOPE MODULE (TM)- OM1 - containing

e An opticd/UV Ritchey-Chretian telescope

¢ A beandefledor and prime and redundant filter whed, ead with 10filter positions and 1 blocked pasition.

e Heaersto control the temperature of the telescope tube and modify the focd length (if required).

e Prime andredundant detedor processng eledronics and camera head, including high voltage mntrol and
monitoring.

¢ Prime andredundant TM Power Suppies - the TMPSU'’s - seeOM3 description for more information.

PRIME and REDUNDANT DIGITAL ELECTRONICS MODULES (DEM’s) - OM2 - eat containing a
< Digital Processng Unit (DPU). It performs basic science datarecetion and processing including image
acaimulation.

e Instrument Control Unit (ICU). The ICU provides the basic instrument control function, housekeeping
monitoring and code up-link for both itself and the DPU. DPU processed data is passed to the Instrument
Control Unit (ICU) processor for reformatting into padkets prior to being pessed to the spacecaft OBDH
system.

e S9 Interface The DPU and ICU communicate via afull duplex Serial Synchroncous Interface(SSl).

« DBI. Theinterfacefrom the ICU to the spacecaft for data downlink and command up-link will be caried by a
digital businterface(DBI). The ICU supports atelemetry rate of upto 8 kbps and atelecommand rate of 2
kbps.

¢« DEM Power Suppy. This provides the conditioned power for the ICU and DPU in the DEM. It provides
latchup protedion.

INTERCONNECTING HARNESS MODULE - OM3

e Thisharness caries power, synchronisation information, keegp-alive line and an Instrument Control Bus (ICB)
between the Telescope Modue and the Digital Eledronics Modules. The ICB isused by the ICU to control
and monitor the detedor, medhanisms and heaers viathe TMPSU. It isbased on the MACS-bus gandard.

This copy printed at 11:33 AM on 12-May-00 |
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2.2.3 Digital Electronics Module (DEM)

2231 ICU
This consists of 5 cards:-

SIBA

PROC

MEM

OMIF

Note - see section 2.2.5.4.2 about structure

The Spacecraft Interface Bus
Adapter card. Contains the
RBI chip and bus arbitrator.
The RBI provides
-interfaces to the spacecraft
to provide DMA of telemetry
and telecommand packets
- input of spacecraft time
time signals to be forwarded
to the DPU.
- the watchdog

The processor card - contains
a 31750 processor running at
8 MHz.

PROMs - 16K 16 bit words -
containing the bootstrap and
basic mode code.

The memory card

64k 16 bit words of code
64k 16 bit words of data.
The RAM isradiation
hardened.

The expansion card -
Contains the Synchronous
Seria Interface (SSI) control
circuitry- the DPU
communication path.

The OM Interface card.-
contains

- ICB interface circuitry
- DEMPSU monitoring
circuitry

of, and access to, memory.

XMM-OM/MSSL/ML/0008.5

<—DB8I » RBI
Bus
Arb.
SIBA
31750
PROM
PROC
wn
oD
[an]
— CODE
— DATA
MEM
<+«—SslI » EXP
<«—ICB P
OMIF
DEMPSU
Monitoring d

Keep Alive—<
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2.2.3.2 DPU

The DPU is a hybrid locd/shared memory multiple processor computer. It shares the DEM with the ICU and
DEMPSU.

Four Digita Signal Processor (DSP) cards access aglobal memory in series via aglobal bus, with accessto the bus
managed by an arbiter card. Eadh processor is granted access to the bus once per millisecond Each DSPalso haslocd
memory. Each DSP is assgned spedfic tasks

White Overall Management of the Other Processors via the Serial Command Interface(SCl)
ICU communicdion
Initial field aqyuisition
Spacecaft drift tradking.

Blueland 2 Data mlledion andinitial processng (e.g. tradking frame image acamulation)

Red Shift and Add Calculation (i.e. summeation o image wrreded for drift)

The global memory consists of 12.5 Mbytes of memory, divided into:-

Small Word Memory 4 Mwords of 16 bt words RAM. Used to store atrading frame and full frame gplicaions
Big Word Memory 1 Mwords of 24 Ht words RAM. Stores acamulated images.
Program Memory 0.5 Mwords of 24 kit RAM and 8k 24 Lt words of PROM.

Eadch DSPcad hasits own locd memory (32k by 24 kit words) which can only be accesed by that DSP.

A block diagram illustrating the @oveis given overled.

2.2.3.3 DEMPSU

This power supply generates conditioned power for the DEM sub-systems. When the power is applied from the
spacecaft, both the DPU and ICU are supplied, but subjed to over-current protedion onthe output.
Additionally the PSU receves as an input asignal from ead of the DPU sub-system PCB’ s latchup protedion
circuits which cause the PSU to switch of the DPU main power when alatchup is deteded. In this event, the ICU
can command on the DPU power.

Secondary Rail | Destination
+6V DBU
+5.3V-A DPU main power
+5.3V-B ICU main power
+3.3V-A DPU KAL power
+3.3V-B ICU KAL power

Key:

DBU DataBus Unit

DPU  DataProcessng Unit

ICU Instrument controller Unit
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2.2.3.4 Interfaces

2.2.3.4.1 Serial Synchronous Interface (SSI)

Overview

The SSI is abi-diredional communications interfacebetween the DPU and |CU which is carried on the DEM
badkplane.

The definition of the SSI isin XMM-OM/MSS./SP/0007"Eledricd Interfaces Spedfication”.
Hardware

Both the ICU and the DPU can send and receve data on this interfacebut the ICU is the master.
The interface onsists of:

SSI_CLK acontinuous clock signal generated by the ICU
SSI_ENV_TX adive high when data presen
SSI_DATA_TX 16-bit data
SSI_ENV_RX adive highwhen data present
SSI DATA_RX:  16-hit data
Signal return

Commands are sent from the ICU to the DPU. Sciencedatais passd from the DPU to the ICU when demanded
by the ICU. Alerts are sent (unrequested) by the DPU to the ICU. Thereis no direa feedbadk as part of the
protocol and there is no error corredion na chedksums. Theinterface ca be thought of asthe sameirrespedive
of diredion.

The SSI clock frequency is 125 kHz producing a period of 8 us (1 hit-period). The SSI 16-bit data words are
separated by at least one bit-period and at most the S block gap (defined in software). The S data blocks are
separated by at least the SSI block gap (defined in software).

Transmitting data

The words that constitute the block are sent not more than the S block gap apart and, when finished, the
software must wait for at least the SSI block gap before sending more data. The receving software must wait for
alittle longer than the transmitting software's block gap to be sure to seethe gap. A fador of two is aufficient.
Receving data

The data being received must be read suitably fast and if the time between any two words is greater than the SS
block gap, the gap will be wnsidered a block gap. All blocks contain alength as their second word so errors
caused by an acddentally lengthened word gap may be identified (seedata format).

SSI block gaps

Because the SSI block gaps are defined and used only in software they can be set to different valuesin different
versions of the mde and they can be different depending on the diredion of the data (I CU->DPU or DPU-
>|CU).

SS9 block gaps as defined by the ICU software

This copy printed at 11:33 AM on 12-May-00 |
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EPROM code  Uploadable ade
ICU -> DPU >4 ms >4 ms
DPU->ICU 6ms 4ms

SS9 block gaps as defined by the DPU software

EPROM code  Uploadable code
ICU->DPU 2+4/-1ms 2+/-1ms
DPU->ICU 15+/-1ms 15+/-1ms

The ICU's SSI hardware will give an interrupt (used by the ICU's software) at the end of the first word of each
block. The ICU software must then read this first word before the end of the second word. The time for thisis 16
bit-periods for the word and a minimum of 1 bit-period for the word gap. So the software must be @leto
respond to the interrupt and read the word in 136 us.

An owerflow (OVF) bit in the hardware SS statusword is made adive (low) if a dataword is not read before the
arrival of another.

SSl errors

If the DPU resets whilst transmitting the first part of aword, that word will be truncated and the envelope will be
truncaed resulting in an ealier than expeded "data recave" flag which will nat be ebleto be processed in time
and cause an overflow on the ICU.

If the DPU resets whilst transmitting the last part of aword, that word and the envelope will be truncated but not
so much that the ICU’s Dftware caana keep up asin the previous case. Thiswill result in a corrupt last word
and, except in the cae of areset during the last word, atruncated SSI block. Thiswill be detected and handl ed
properly by the ICU's oftware.

Data format
The dataformat is described in XMM -OM |CU-DPU Protocol Definitions Each SSI data block consists of

1. 16-bit type - the block type
2. 16-hit length - the number of 16-bit words following thisword (i.e. total length - 2)
3. therest of the data

The data types are grouped into caegories as follows:

1. Regular DPU to ICU datablocks
Regular sciencedata.
2. DPU priority data
These mntain sciencedatathat is nt out as Lon asit isavailable rather than at the end of an exposure.
3. DPU RAM dumps
RAM dumps.
4. DPUtolICU alerts
Alerts from the DPU to signify somethingis has happened, is realy or an error has occured.
5. ICU to DPU commands
Commands to the DPU.

Further detail onthe ICU software:-
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The firgt, fast part of the SSI interrupt handler iswritten in assembler (the first word of the S block isread) and
the rest in written in Ada (the reading of the rest of the words in the block and the timeout.)

SSI status register

D TX 2% 4
DATA_FULL  2**3
OVF 22
D_RX 21
INT 220

Sequenceof adions

SSI INTERRUPT happens

Red first word (from i/o addressf241h) into input software fifo in lessthan 136 us after the interrupt
Remember locaion where next word will be stored for alater chedk

Start stopwatch

Set interrupt mask to only allow RBI interrupts

Enable interrupts but don't get interrupted for too long!

loop
read S status (i/o addressf240h)
if the DATA_FULL bit (2** 3) is %t and there is data to output
write adataword to output i/o address(7241h)
if input software fifo is full
error
if D_RX bit isreset
read input word (i/o address f241h) into input software fifo
re-start stopwatch becaise thereis dill data on input
ese
if stopwatch is after 4 ms
bres out of loop
rea ssi status word (i/o addressf240h)
if OVF hit (2*2) is0
clea overflow (write fff b (hex) to status register i/o address7240h)
read aword (from i/o addressf241h) and dispose of it
end loop

read the second word (length) of this SSI block from the software input buffer
if it is greaer then 1027
error
if no of wordsread doesn't equal the value of the second word (see dove) minus 2
error
rea ssi status word (i/o addressf240h)
if OVF hit (2*2) is0
clea overflow (write fff b (hex) to status register i/o address7240h)
read aword (fromi/o addressf241h) and dspose of it
clea SSl interrupt by writing fffe (hex) to the SSI status i/o address7240h

To Reset
reset software input and output fifos and error value

write OVR_WR fffb (hex) to status address7240(hex)
write INT_WR fffe (hex) to status address7240 (hex)
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SSl error codes

Error Comment

(Hex°®

C The SSI input circular buffer hasfilled so fast or not been emptied fast enough and incoming datais
about to overwrite outgoing data.

2 The word court is too large whil e receving data in the block. The number of words has excealed that
indicaed by the seaond "block length" word or has exceeded the maximum allowed (1029).

8 An owerflow (OVF) has been indicaed by the ICU's SSI hardware

7 An owerflow occured at the end of the block.

11 The second word of the block indicated alength which exceeds the maximum allowed (1029).

1 The length indicated by the second word is inconsistent with the red length of the block

89 An owerflow was fourd during SSI_ DRIVER.PUT

9 The length fourd in SSI_DRIVER.PUT exceeded the maximum allowed (1029).

b The output block lengthin SS_DRIVER.PUT exceealed the maximum all owed (1029).

2.2.3.4.2 Time to DPU

The time used by the DPU is s/nchronised to the spacecaft clock via a512* 1024 = 52428 Hz dock supplied
by the ICU. This clock is divided by 512in the DPU hardware and used to increment a 24 bit counter. Therefore
the time @unter isin units of 0.9766 ms (1024 Hz) and rolls over every 4.55 hours. The most significant 14 hits
contain the timein seconds. It is used in the time stamping of aerts from the DPU to the ICU.

Note: whenever an ‘Add Time Code’ command is sent to the ICU to adjust the on-board ICU time, the ICU
forwardsto the DPU (viathe SS) what the value of the least significant 14 bits of the seconds field will be & the
next BCP2 pulse (i.e. next whole number of seaonds). At that next BCP2 pulse the DPU resetsits time wunter
appropriately (i.e. zeroesits least significant 10 hits and setsits 14 most significant bits to the value supplied).
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2.2.3.4.3 Instrument Control Bus (ICB)

2.2.34.3.1 Sope

Control and monitoring of the instrument sub-systems are performed by the ICU. The ICB is the digital
data highway that the ICU uses to send and receve commands and status. An existing standard has been
adopted for the ICB cdled the MACS bus (Modular Attitude Control Systems bus) detailed in the “MACS
Handbook”, prepared by MATRA for ESA. It isa prioritised multi-master bus.

Bluel Blue2 TMP3UJ1 TMP3J2
Y
ICB2
ICU2

2.2.3.4.3.2 Function

Becaise there ae anumber of units on the bus the ICB has svera functions. The detail of the functions
performed onthe busis controlled by software in the ICU and EGSE.

The functions performed viathe ICB are:

Loading o tablesinto the detedors.

Commanding of the detectors

Status monitoring of detedors

Realing filter whed pasition sensors and temperature sensors.
Controlling power switching

Controlling heaer switching

Controlling motor drives

Monitoring vdtages/currents

NN E

The MACS bus gedficaion defines a redundant bus. In the OM, redundancy is provided by two separate
detedor chains, and therefore only one MACS interfaceis used per redundant half.

The ICU always drives the dock onits bus.

2.2.3.4.3.3 Interface

The ICB interface onsists of 4 signals:
. ICB1 _Clock

. ICB1 Data

. ICB2 _Clock

. ICB2 Data
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The lower layer of protocol is defined in the Sedion “MACS Protocol” of the MACS Handbook. This sib-
sedion defines the protocol that is required by virtue of the hardware design. Further layers of protocol may
be defined as necessary in software.

ICB-commands are defined here & indivisible operations that may be performed on the MACS bus.
Possible commands are:

e 16hit transfer of data from the ICU to the sub-system initiated by the ICU - ICBsend
e 16hit transfer of data from the sub-system to the ICU initiated by the ICU - ICBaaquire

These 1CB-commands are made up peirs! of ICB-words. |CB-words are 24 kits long and can be of one of
two types | CBinstruction, or ICBdata:

ICBinstruction
0 3 8 13 18 21 22 23
| ext |source | dest |subaddr | instr par|err |ack
ICBdata
T T T T T T T 21 22 3
| ext | xx| data |par|err |ack|
3 2
The format of the ICB-commands are & follows:
1CBsend
ICBinstruction |CBdata
.“3““3““13““13“21 22 23.“3‘ 5“““““““‘21 22 23
101 [ICUddr, | dest | | [subeddr | 01C [par|erfack|011 [ 00 , , ., , , daa [parer|ack
3 5 5 5 3 1 1 1 3 2 1e 1 1 1

Both ICB-words are generated by the ICU.

ICUaddr -  the ICB addressof the ICU. It will have the value of one of the source addressdefined below.
dest - the ICB addressof the sub-system which shoud respond to this command
subaddr - if implemented defines one of 32 locations in the sub-system to which the data is to be
assgned
par - parity for the word
er - error condition, if true the cmmand should beignared
ak - adknowledge, generated by the sub-system
data- 16bit value to be used hy the sub-system
ICBaayuire
| CBinstruction ICBdata
l“3““l““13““13“212223l“3‘5“““““““‘212223
101 [ICUaddr, | dest, . [subaddr, | 100 [par|erv[ack| 011 [ 00 ,  ,  daa  |pafer|ak
3 5 5 5 3 1 1 1 3 2 16

IThisisthe simplest case. Other commands are passble with the MACS protocol, but are not used.
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The ICBinstruction word is generated by the ICU and the ICBdata word is generated by the sub-system that
is addressed in the instruction.

ICUaddr -  the ICB address of the ICU. It will have the value of one of the source address defined bel ow.

dest - the ICB address of the sub-system which should respond to this command

subaddr - if implemented defines one of 32 locations in the sub-system from which the data is to be
acquired

par - parity for the word

er - error condition, if true during the instruction the command should be ignored, if true during
| CBdata the response will be ignored by the ICU

ack - acknowledge, generated by the sub-system in response to the instruction, generated by the
ICU in response to the ICBdata.

data- 16bhit value to be used by the sub-system

The ICB addresses are:

Source Addresses
00010 - ICU

Destination Addresses
11000 - Blue Detector
00111 - TMPSU

2.2.3.4.35 Timings

The timing of the interface is defined below:

Parameter Min Max Units

Clock Frequency 500 512 kHz
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2.2.3.4.4 RBI

223441 Overview.

The standard RBI chip

1. providesthe interface(viathe DBI) between the ICU and the DBU (OBDH Data Bus Unit), only alowing
interrogations if the aldressmatches that of the ICU.

2. dlowsaccessto al the ICU memory, including the buffer areas for transfer of TC and TM padkets (see
below).

3. extrads BCP pulses (Broadcast Pulses) from OBDH interrogations which are used to generate interrupts for
use by the software in the timer functions.

4. providesa43 hit timer incremented by the OBDH clock signal at 524288 Hz.

5. providesa 12 bit programmable watchdog courtdown timer, derived from the OBDH clock signal, at
256 Hz (seebelow).

The chip isfully described in “ Standard RBI Chip for OBDH Interface”, MC1031 Tedchnicd Information 2.8.
All instructions described therein are supported. NOTE - NCR 177: duringan ESTEC test, the ‘ suspend’
instruction followed by a‘Go’ instruction left the ICU in anon-runring state. It has not been possble to
reproducethis on the flight spare.

The protocol defining the *handshake' for transfer of TC and TM padkets, as well astiminginformation, is
defined in “OBDH Bus Protocol Requirements Spedficaion”, XM-IF-DOR-0002.

2.2.34.4.2 Low Leve Accesses Of The ICU’s Memory By The Spacea aft.
(Thetext in this ®dionis adapted from APP-7).

The RBI' s Page aldressand Start address registers map the processors address lines and address sate lines as
follows, where ASO-3 are the address sate lines, AO-15 the addresslines and x are “dont care”. (Note: the Base
Addressregister will overlay the Page Address register for Immediate Read instructions and Reset Page Address
Instructions.)

Page Address

RBI 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Proc  x X X ASO AS1 AS2 AS3 AO Al A2 A3 A4 A5 A6 A7 A8

Start Address

RBI 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Proc Al A2 A3 A4 A5 A6 A7 A8 A9 A10 A1l Al12 Al13 Al4 Al15 note
1

Note 1: For flight this bit is“dor’t care”, x.

As down above the processor addresslines are off set by one. Thisis becaise the RBI accesses memory one
word at atime and increments it’s addressby two ead time, so RBI bit 15 of the Start Addressis nat used.

The processor has an address paceof 64K words. To gve enoughareafor the application code and working
spacefor data, the processors OIN (operand instruction) control line is used to switch between two 64K words
pages. Each page can be seen astwo 32K word Areas, two in instruction space and two in operand space as
shown below in figure 2.

The RBI can dredly seethe whole of the Operand Space areas 0 and 1, using the RBI register bits that
correspord the procesoors AO to A15lines

This copy printed at 11:33 AM on 12-May-00 |



XMM-OM User Manual (FM) XMM -OM/MSSL/ML/00085 18 |

In addition Area“(0” can be switched to any one of the four 32K Word Areas by manipulating the AddressState
linesindicated as ASO to AS3 above.

For example An AddressState of three(0011kin for ASO-3) would put Area “3” in the top half of the operand
gpace At the same time AO would need to be set to aone andthen A1 to A15 can be manipulated to addressthe
32K word block. Table 1 shows the set-up to access all four of the aess.

Area Page Address  Start Address
Address State Register (Hex) Register (Hex)
0 0100 O-FFFE Top half of operand/data space
1 0300 O-FFFE Bottom half of operand/data space.
2 0500 O-FFFE Top haf of instruction space
3 0700 O-FFFE Bottom half of instruction space
Instruction Operand
Space Space
|
FFFFh |
2
7FFFh
3
Oh

2.2.3.4.4.3 Watch Dog Operations.
(Thetext in this ®dionis adapted from APP-7).

The OM will use the RBI’ s Watchdog timer, a twelve bit counter clocked bya256Hz dock derived from the
OBDH clock. Thistimer can give a programmable time out from 3.9mSto 16 seconds. If the timer reades zero
aPWDN (power down) interrupt is generated and 256S later the IC will be reset. Thistimer is disabled on
power up andis enabled by ICU software. If the ICU is suspended by the S/C thistimer is dopped. When the
ICU isallowed to continue the watchdog timer will resume from where it was gopped. The timer can be
enabled and dsabled by ICU software commands to the RBI’ s configuration register. The time out periodis
programmed by writing to the RBI' s Watchdog Register, a value of FFFhex giving the longest time out period.
The adion d the write loads the value into the timer.

Note: The 31750 pocessor’swatchdogfunction is not used.
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2.2.3.4.4.4 Time Synchronisation and Verification.
The following is a summary of sedion 7.2 of APR-7.

2.2.3.4.4.4.1 Synchronisation.

TC(10,1) is sent from the groundto the spacecaft telling the CDMU to synchronise time for the instrument.

The CDMU sends TC(10,2) to the ICU informing it that itslocal time isto be synchronised to the SCET.

The ICU enables time synchronisation to occur by commanding the RBI appropriately.

At least 100ms later the CDMU generates a BCP3, BCP2 sequence which resetsthe RBI timeto zero. At

the same time the DCMU takes a mpy of the SCET. The RBI continues to count from zero.

Within asecondthe CDMU generates TC(10,3), “Add time cde padcet”, containing a cpy o the SCET.

6. ThelCU takesa apy of the SCET. It discards the least 8 significant bits. The next 32 hits are written into
the RBI. The RBI chip addsthe value to the time value it has readed since the BCP3,BCP2 sequence The
remaining 8 hits of the SCET are kept in the ICU memory. NOTE: at this paint the ICU will synchronise the
DPU timeto the ICU viathe SS interface- seesedion 2.2.5.2.

7. Theinstrument timeisnow valid.

AW PE

o

2.2.3.4.4.4.2 Verification.

=

The ground send a TC(10,4) to the CDMU.

The CDMU send a TC(10,5) to the ICU informingit that locd timeisto be verified.

3. The CDMU generates aBCP2 pulse dter adelay of at least 100ms, at the same time taking a cpy of the
SCET. In the ICU the BCP4 pulse generates an interrupt.

4. The CDMU generates a TM(10,4) padket which contains a copy of the SCET at the BCP4 pulse.

5. ThelCU, on reception of the BCP4 pulse, aoquires the RBI time. Using this value and the value held in

memory, the ICU buil ds the time field for aTM(10,5) and sendsiit to the CDMU.

N

2.2.3.45 DBU
SeeXMM-OM/MSS./SP/0202sedion 6.1 for a description of thisinterface
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2.2.4 Telescope Module

2241 TMPSU

The telescope module power supply (TMPSU) converts the spacecaft 28V power bus to regulated switched and
unswitched power rails within the telescope module. These are @lledively referred to asthe secondary power.
The switched rails power the blue digital and analogue dedronics and high wltages. The analogue dedronics,
in turn, controls the high voltages and powers filter wheel fine sensor LED and flood LED’s. The unswitched
rails power the mechanisms and filter whed coarse sensor. The integral ICB interfaceprovides the channel for
control of the aarse sensor, floodLED’s, analogue and digita electronics and also the return of current, high
voltage and fine sensor status values. All switched rails are powered simultaneously on command viathe ICB.

In addition. the +28V main s/c power, routed viathe TMPSU, is used to drive the heaers.

The foll owing table summarises what eat secondary rail powers.

Rail Switched? BPE BCH HVU FW DM TMPSU
+25V - Yes Yes - - -
+15V Yes - Yes - - -
+11V Yes - Yes - - - -
+5.3V Yes Yes Yes - - -
-5.3V - Yes - - - -
-15V Yes - Yes - - -
+28V No - - - Yes Yes -
+5V - - - - - Yes
Key:

BPE Blue Processng Eledronics

BCH Blue Camera Head

HVU High Voltage Unit

Fw Filter Whed motor

DM Dichroic Motor

TMPSU  TMPSU Interna
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2.2.4.2 Detector System

2.2.4.2.1 Camera Head

The sensor in the CameraHead (BCH) is an EEV CCD-02-06 which is aframe transfer devicerunningwith a
verticd clock rate of 1.67 MHz and a horizontal readout rate of 10 MHz. The CCD is of well proven design and
is used in many monochrome commercia and scientific TV applications. The dummy output from the CCD is
subtraded from the video signal to reducethe level of saturation of the final video amplifier stage. The main
cause of thisis clock feed-throughin the CCD wiring and the reset spike. The diagram below shows the
functional blocks of the canera.

The CCD outputs are diredly buffered with wide bandwidth emitter foll owers. The pre-amps are set at a gain of
4, and the differential amplifier at 10, giving a combined gain of 40. Because of the highread out rate, the video
signal has sttled to only approximately 75% of its final value & the instant of the ADC sample strobe. The gain
istherefore dightly higher than that deduced from the CCD manufadurer's published data.

The harizontal clock sequencers and ADC sample strobe ae derived from ahighly stable ECL sequencer circuit
based around atwisted ring counter. This, together with afast horizontal driver circuit design, guarantees
minimum timing jitter and hencelow systematic noise & required for centroiding the image to 1/8th x 1/8th of a
pixel.

Under control from the Blue Processng Eledronics (BPE), the canerais capable of reading out of a number of
windowsin the CCD image in rapid succession, or full 256 x 256 pixel frames. The integration timeistypicdly
12ms.

ccD 385x576 CCD (EEV) DARK NOISE CURRENT
CLOCK FIXED SUBTRACTION
DRIVERS
_|>,_ IMAGE
DUMMY OUT
_|>_ 8-bit 8
FLASH
STORE 6 ADC
READOUT N
Céﬁ/IDEO DIFFERENTIAL | IMAGE DATA TO
AMPLIFIER VREE PROCESSING
ELECTRONINS
including dynamic
dark noise current
subtraction
ADC
VERTICAL HORIZONTAL REFERENCE
CCD CCD
CLOCK CLOCK
SEQUENCER] SEQUENCER]
1.67MHz 10MHz
60MHz POWER SUPPLY CONDITIONING
CLOCK
OSCILLATOR

CONTROL SIGNALS TO/FROM
PROCESSING ELECTRONICS

Block Diagram of Blue Camera Head Electronics
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2.2.4.2.2 High Voltage Control Unit

The High Voltage Control Unit (HVU) comprises three converters (see figure 1). Converter 1 and 2 work in
parallel to produce the voltage across mepl bottom plate and cathode known as cathode voltage or V canoge @nd
the voltage across mcpl known as V mep:.

Converter 1 produces a negative voltage so that with the use of resistive division with converter 2 it obtainsa
zero volt output for V anede 0N cOmmand. Potential reversal is possible but limited approximately to lessthan -15
volts by diode protection.

Converter 3isin series with converter 1 and 2 and produces the bias voltage across mcp23 and the anode gap
voltage Known as V oz @ V anoge Where V anoge i produced by extension of the voltage multiplier chain used to
create V mepos.

In order to prevent potential reversal of any intensifier plate the bias voltages must be applied sequentially; this
sequence being V anoge/Vmepza-V Mepl then Veathode. The HVU hardware will prevent any controlled static
potentials from reverse bias conditions even if commanded to do so.

Due to the way the HVU works there are conditions in which rapidly control signals could cause momentary
reverse hias conditions. i.e. apossibility of dynamic reverse bias. Because of thisit is necessary that software
commands for bias potentials be rise time limited.

It is recommended that any mcp rise time be limited to greater than 10 seconds from zero volts to maximum
operating voltage and greater than 10 seconds from maximum operating voltage to zero volts.

Protection of over voltage on any mcp is also incorporated into the HVU hardware such that any command
above maximum operating voltage will remain at maximum voltage as set within the HVU. It should be noted
that this condition produces excessive noise on all outputs and so the HVU should not be operated in this
condition. If this condition does arise it is necessary to command the voltage below maximum in order to regain
control. The amount by which the commanded voltage has to drop depends on the particular mep limiting and is
shownintable 1.

To operate the intensifier mcp23 isfirst raised to the desired operating voltage over a period defined by therise
time outlined above. V g Will rise smultaneously with V s such that V anese=1.57*V 3. The voltage Vmcepl
will not be allowed to raise until Vs is greater than 1100 volts (both intensifiers). Once Vg3 is above this
level Ve can be raised to the desired operating voltage and is again rate of rise limited. For redundant
intensifier the voltage across mcpl must be greater than 518 volts before V egnoge 1S alowed to rise and will cause
V cahode 10 COllapse if less than 505 volts. For the prime intensifier these restrictions are not incorporated into the
hardware. Again the rate of voltage rise and decay for Vmcpl should be limited as outlined above.

The cathode voltage V canode S then raised to the desired operating level to effectively switch on the intensifier.
To close down the intensifier the above procedure isreversed i.e. V gnode 1S Set to zero volts then Vmepl and
Vimep2a V anode: BOth VMEpL and V mepza/V anode decay rates are limited but V gnoge Can be commanded to zero
instantly if required. Note that for the prime intensifier V ganoge islimited to 530 volts and for the redundant
intensifier V canode 1S limited to 400 volts.
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Intensifier protection limits.
Voltage Limitsat Ideal Control
mcp23 2045 (< 1680V control reset) < 2000V
mcpl 909V (< 780V control reset) < 880V
V cahode (Prime intensifier) 530V (< 518V control reset) < 500V
V canode (Redundant intensifier) 2045V (< 380V control reset) < 390V
\ 1
_%%E%I Converter 3 h)llu()llttiSﬁ:r -}
1T
-}
Vmep23
Control Converter 2
Signal
~]
Vcathode
— control Converter & |—— 1} i
Signal
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2.2.4.2.4 Detector Processing Electronics

224241 General
The principal feaures of the detedor processng eledronics are:

Generation of the Detector Head clock sequences to operate the CCD in aframe transfer mode
Specification of the aea(windows) of CCD to beread out.

Event Detection.

Event Centroiding.

Engineging Data.

Construction and transmisson of data to the DPU.

ICB interfacefor control of the éove.

N.B. The detedor processng electronicsis often referred to as the Blue Processng Eledronics (BPE). This
refersto an ealier design which included an additional detector more sensitive to the red end of the spedrum.
The two detedors were labelled ‘blue’ and ‘red’. A block diagram of the detedor eledronicsis given owverled.

The remainder of this sdion is abstracted from APP-11.

2.2.4.2.4.2 Window Bitmap RAM

Before the detedor processng eledronics may be used, the window bitmap RAM must be loaded. The RAM is
64k by 4 hits. The information loaded will cause only thase CCD pixels within the desired windows to be
readout i.e. a docking sequenceis generated for the desired camera format.

For every location on the CCD, thereisalocaionin RAM. During arow readout, the crresponding RAM
contents are interpreted as awindow ID. AnID intherange 1 to 15isavalid window ID and the corresponding
pixel pair isreadout, whereas avalue of 0 means that it is not in any window and will not be readout. By loading
up the RAM acardingly, the detector area ca be thus divided up into a colledion o windows of varying size
Note that windows must start on an even number in X and an odd number in'Y.

For ead pair of CCD rows, thereisalocaion in the RAM that will contain a‘row adion code'. Thiswill
spedfy what to dowith the row pair as awhole. The values and meanings are

0 Perform verticd transfer only, i.e. no horizontal readout. Thisis used for skipping urwanted rows
2 Reaout the row, ignoring window 1Ds, thus dumping unwanted charge build-up.

3 Reaout the row, taking note of window Ids and transmitting the event data to the DPU.

8 Complete horizontal readout and skip to the start of frame transfer i.e. skip to end.

The table isloaded from the ICU viathe ICB.

2.2.4.2.4.3 Centroid Lookup RAM

Centroidingis the processof locating the position of an event to an acarracy greaer than that of a CCD pixel.
For ead event and in both the x and y axes, the processing eledronics produces two 8 kit numbers, labelled m
and n. The division m/n isthe fradional position within a CCD pixel of the event. Therange is divided into 8
bins, otherwise known as sub-pixels. Rather than performing this cdculation, there ae two (64k by 4 bit) tables
containing all possble results of the division. The m and n are combined into asingle 16 bt addresswhichis
used to lookup the result. Theresult isin the range 0-7.

Preparing the table mntents requires two sets of 9 ‘channel bourdary’ values giving the edges of the sub-pixels

in both x and y. They are in the range -1.00to 1.00. These values are multiplied by 1000 for up-link purposes.
The tables are loaded from the ICU via the ICB.
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2.2.4.2.4.4 Output Data Formats

The output of the processng eledronicsto the DPU isa series of 24 kit words, one per event processd. The
format of the word is determined by the data acquisition mode set viathe ICB and is detailed in the figure
overled. There ae 4 scientific modes (numbered 0to 3) and effedively 2 engineeing modes (numbered 4 to 7).

The scientific modes provide event positionsin the form of the x and y CCD pixel number, the sub-pixel number
in x andy and the window 1D of the window in which they occurred. There ae 2 full frame modes where the
window ID isreplaced by the most significant bits of the x and y CCD pixel courters, thus giving 16 tiles
covering the full detector area

The engineering modes provide information for setting upand checking the detecor. Modes 4 or 5 cepture
centroiding information in the form of eventsin which the x and y co-ordinates are replaced withthem and n
values. Thetwo 256 ty 256 pseudo images’ thus formed can be used to cadculate anew sub-pixel channel
boundaries from which the centroid lookup table @an be reloaded. Note that 8) modes 4 and 5 are equivalent and
both formats are transmitted at onceb) the first X M/N event for ead frame is not transmitted. Modes 6 or 7
gives event height leading to a 1D imagei.e. a histogram. They also produce event energy recordsin which the
energy valueis %t to zero, due to this feaure being removed from the design. Therefore, all records of this
format should beignared. Note that mode 6 and 7 are equivalent and both formats are transmitted at once

In addition, there ae two words of al zeros, the ‘frametags’, transmitted at the start of ead frame. These ae
used for frame curting and timing purpaoses. Thisfeaure is enabled viathe ICB. It shoud be disabled for
engineaing modes.

For the full frame modes only, windows should be defined so that the full detector areais covered, even though
the window 1D in bits 4 through1 does not appear in the data. Instead, the high order bits of the CCD pixel co-
ordinates are inserted. Because the DPU will regard these as awindow ID, it isthus possible to have an apparent
window ID of zero (which isimposshble for the windowed modes).

For engineaing modes, windows of any ID shoud be defined to cover the areaof the detecor from which
information isrequired. The DPU will again regard hits 4 throughl asawindow ID.

A height threshdld, set viathe ICB, is used to seled vaid events. This value shoud be set low (~8) for
engineaing data so as to oltain afull pulse height distribution. Otherwise avalue ~30 should be used.

When, as aresult of a cmmand, an integration is enabled, datais ent on to the DPU at the start of the next
frame.
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Detector Data Transmission Formats
Scienceor Detedor 23 22 21 20 19 18 17 16 151413121110 9 8 7 6 5 4 3 2 1 0
y y X X
0 YC6-0 2 1 XC6-0 2 1 ID P
[ O | 1 O | 1]
Low Resolution, Windowed
y vy X X|Y Y X X
o0 YC5-0 2 1|0 XC5-0 2 1|C C C C|P
I T | [ T 7|6]7]6
Low Resolution, Full Frame
y y Yy X X X
0 YC5-0 2 10 XC5-0 3 21 ID P
[ || [ | | 1]
High Resolution, Windowved
y vy X X x|Y Y X X
0 YC5-0 2 10 XC5-0 3 2 1{c ccCcCC|P
[ || [ I I | 7]le|7]6
High Resolution, Full Frame
o0 M value 0 N Vaue 0 0 0 1|P
I O [ I O | 1]
Engineeing, X M/N Data
0|0 M value 0 N Vaue 0 01 OfP
[ O N I I | 1]
Engineaing, Y M/N Data
0 0 0 Event Height 0 00 1(P
I T I N I I | 1]
Engineaing, Event Height
0 0 0 0 0 01 OfP
I I I [ I O | 1]

Engine&ing, Event Energy (contains no meaningful data)

P = Parity (Odd)
XC =

YC =

X = X Sub-Pixd Bit
y = Y Sub-Pixel Bit
ID =  Window ID

X CCD Pixel Co-ordinate moduo 64 (high resolution) or moduo 128(low resolution)
Y CCD Pixel Co-ordinate moduo 64 (high resolution) or moduo 128(low resolution)
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2.2.4.3 Mechanisms

2.2.4.3.1 Filter Wheel

Eleven opticd elements are placal at equal angles around the filter whed. The whed is driven by apinion ona4-
phase stepper motor shaft, with agea ratio of 11to 1 Thus one revolution d the motor, which requires 200 steps,
moves the whed from one opticd element to ancther and 2200 steps will completely rotate the filter whed. The
following table is based on‘ Order of the Opticd Elements on the Filter Whed, XMM-OM/MSSL/TC/0047.

Filter Filter Whed Description Filter Position Sensor Value
Number Station (stepsfrom datum) | Coarse | Fine
0 0 Blocked 1200 False True

1 1 vV 1400 False True

2 2 Magnifier 1600 False True

3 3 U 1800 False True

4 4 B 2000 False True

5 5 White 0 True True

6 6 Grism 2 (Visible) 200 False True

7 7 Uuvwil 400 False True

8 8 UvM2 600 False True

9 9 Uvwa2 800 False True
10 10 Grism 1 (UV) 1000 False True
11 3 Bar 2100 False False

Thewhed position will normally be determined in open loop mode by step counting from a known datum position.
Coarse and fine position sensors are provided to rel ocate the datum position shoud it be lost, verify the whed
pasition duing and after every rotation and to confirm that the centre of any opticd element has been found although
the dement is not identified. The refledive infra-red coarse position sensor is fitted to the wheel and gives atrue
output when the whed iswithin about — 15 of the datum pasition. The infra-red fine paosition sensor, which isused in
transmissive mode, is fitted to the rea end o the motor. An occulting disk with a small aperture, through which the
sensor looks, isfitted to the rear extension d the motor shaft. It is aligned such that an element will be crredly
positioned when the fine sensor gives atrue reading andthefirst phaseis energised. Thusit is only at the datum
positionthat both the warse and fine sensors give atrue output (seetable éove).

Testsindicaed that the filter whed shoud be rotated at a default pull-in speed of 200 Hz, a quise speal of 420Hz
and an accéeration d 2000 Hz/sec. These rates are goplied when moving from filter to filter or from datum to filter.
However, in order to ensure success when seeking datum, the filter whed isrotated at a cnstant 200 Hz urtil the
coarse sensor is deteded and then at 10 Hz urttil the fine sensor is seen.

The LED that illuminates the coarse sensor is powered diredly from the TMPSU. However, the fine sensor LED is
powered and sensed viathe detedor eledronics, which is dependent on the switched secndary power being enabled.
This does not normally occur until the OM isin operational mode. Therefore, it is not possble to oktain full control of
the filter whed until that time.

(See'Filter Whed Medhanism Design’, XMM-OM/M SSL/SR0039for more detail).

Note: Thefilter whed movement is controlled viathe ICB. Thisis also the main channel for acquiring housekeeping
and controlling heders. It was found duing testing that adivity onthe ICB during afilter whed movement could
introduce erratic motion of the filter whed and cause occasional failure in locating the fine sensor. Therefore, whil st
the filter whed is being moved, all other ICB adivity (such a housekeguing acquisition and heaer control) is dopped.
As afilter whed movement takes between 5 - 10, thiswill result in alossof an HK telemetry padket onits expeded
10 a 3 sechoundhry.

Similarly, adivity onthe SS interface which channels DPU heatbeds and sciencedata, can cause aproblem.

Therefore the filter whed isnot moved urtil after the reception d the next DPU heatbeda. In addition, the normal
sciencedata ‘ handshake’ between the DPU and ICU is suspended for the duration of the move.
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2.2.4.3.2 Dichroic Mechanism

The dichroic medhanism contains amirror placel at 45 in the path of the incoming beam. The purpose of the
mechanism in the FM is to stee the refleded light bean from one of two redundant detedor systems to the other. It
will be rotated from one position to the other by pulse murting. The final step will drive the rotor to its dop where it
will be held by a magnetic detent. The dichroic mechanism has to rotate 180 between the stops andisdriven by a4
step per revolution motor geaed at 14.5:1. Therefore the motor needs to be driven upto 29steps from one position to
the other. One further step in ead dredion means that the rotor is driven hard orto its gop. Thus the total number of
steps required is 31. The step sequencehas to be reversed to return. As there is no harm in overdriving the system
against this gop, the motor is always driven the maximum number of steps required in the spedfied dredion. The
default drive frequency is2 Hz.

A pulsetrain must aways finish onaparticular phase. It is clea that this phase will be diff erent at the two ends of the
traverse. Asthere ae no sensorsin the system, the control mechanism is always open loop.

The following agorithm is used. If we label the 4 phases 1,2,3 and 4, a dockwise rotor drive (viewed from the shaft
end) towards the redundant detedor is achieved by stepping in a positive diredion (e.g. the phases are energised in the
order 1,2,3,4,1...) until the step court isequal to or greder than 31and the phaseis 1. Similarly a wunter-clockwise
rotor drive towards the primary detedor is achieved by steppingin a negative diredion (e.g. the phases are energised
in the order 4,3,2,1,4..) until the step court is equal to or greaer than 31and the phaseis 2.

2.2.4.4 Flood LED’s

In order that the detecor may be cdibrated in flight, four flood LED’ s are provided. They are locaed off-axis
close to the detedor. They are paositioned so that their focused emission falls on the side of the filter fadng the
detedor. Thefilter used would be the blank which then ads as a defocused ‘ screen’ providing the flat field. They
are green LED’ s but with emissonin the UV range.

Their intensity is controlled viaCB commands routed from the Blue Detedor analogue @ntrol card to a4 bit

port. There arethus 16 pasble levels. They are driven in such away that if one should fail the remaining LED’s
will remain fully functional.

This copy printed at 11:33 AM on 12-May-00 |



XMM-OM User Manual (FM)

XMM -OM/MSSL/ML/00085 31 |

2.2.45 Heaters and Thermistors

There ae 8 thermistors named and located as follows:

Name Channel | Location

Ref A 0 InterfaceFlange - Not conneded- NCR88
Ref B 1 InterfaceFlange

Ref C 2 InterfaceFlange

Main 3 Nea Main InterfaceHeder

Forward 1 4 Nea Forward Heater

Forward 2 5 Nea Forward Heater

CCD 6 CCD

BPE 7 Blue Processng Eledronics

(Note: the following is asummary of the document ‘OM Heger Control’, XMM-OM/MSSL/SR0165

The four instrument heaers, and their function, are summarised as follows:

Heater Purpose
Main InterfaceHeater Thisislocated close to the interfaceflange on the telescope tube, and is
(HTR1) intended to control the temperature & the interfaceboltsto 19.5—-0.5 C

using a dosed loopagorithm. It has a control thermistor (Main) locaed
closetoit and there ae 3 monitoring thermistors (Main, Ref B and Ref C)
on the interface flange (Note: Ref A was not conneded during assembly
therefore Main is used as a monitoring point instead - NCR88).

Forward Heater
(HTR2)

Thisislocated at the forward of the telescope tube and isintended to
control that area and hence the whole telescope tube to about the same
temperature & the main interfaceheaer - the default setting are

19.5— 1.5 'C using a dosed loop agorithm. This soud ensure that all of
the telescope opticd elements are sensibly isothermal. It is controlled by
one of two thermistors (Forward 1 or Forward 2) mourted closeto it.

M etering Rod Heaters
(HTRS3)

These ae aset of threeparallel heders, one mounted on ead of the
metering rods. These ae used to extend the distance between the primary
and secondary mirror by a small amourt if necessary. Thisisdoneusing
an open loop algorithm which defines an on-off ratio. It is disabled by
default. NCR-192. The settings for this algorithm are, as of release 10 o
the OM software, automaticaly set upon moving the filter whed to a
spedfied filter — seenext sedion.

Seandary Mirr or Mount Heater
(HTR4)

This heder is used to shorten the separation d the primary and secondary
mirror. NOTE that therefore this heater and the metering rod heaers will
not be powered at the same time during rormal operation. Thisis done
using an open loop algorithm which defines an on-off ratio. It is disabled
by default. NCR-192. The settings for this algorithm are, as of release 10
of the OM software, automaticdly set upon moving the filter whed to a
spedfied filter — seenext sedion.
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2.2.4.6 Automatic Focus Heater Settings

During ealy operation, it was determined that the instrument point spread function was broader than expeded
due to a non-optimal focus— NCR-192. Investigation indicated that it was a function of which filter was used. As
aresult, and as from release 10 onwards of the OM software, alook-up table of heaer settings as afunction o
filter number was placal on-board. Whenever afilter whed move is commanded that has been prefaced by the
‘Set Filter Wheel Number’ command (MFN=7604), the table is consulted and appropriate heaer settings and
sample times automaticdly set using the on-board equivalent routines of commands MFN=H7677 and
MFN=H7678. For release 10, thistable starts at a base addressof 23A4 (hex) in ICU data memory. Itsformat is

asfollows:

Base Description
Address
Offset
(dedmal)
0 Position of Filter on Whed Parameters
1 On Time (in units of * Sample Time') for
2 Total Cycle Time (in urits of ‘ Sample Time') filter
3 Sample Time (in urits of seconds) 0
4 Focus Diredion (+ve = HTRS, -ve = HTR4 powered; 0 = unpowered) (Blocked)
5 Parametersfor Filter 1 (V)
10 Parameters for Filter 2 (Magnifier)
15 Parameters for Filter 3 (U)
20 Parameters for Filter 4 (B)
25 Parameters for Filter 5 (White)
30 Parameters for Filter 6 (Grism 2- visible)

35 Parameters for Filter 7 (UVW1)

40 Parameters for Filter 8 (UVM2)

45 Parameters for Filter 9 (UVW?2)

50 Parameters for Filter 10 (Grism 1 —UV)
55 Parameters for Filter 11 (Bar)
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2.3 Software

2.3.1 Modes

The OM instrument has sveral overall modes. An outline of the function d these modesis given below. In addition,
both the ICU and DPU have 2 diff erent modes, 1) when they are running code present in the ROM (cdled *basic’ for
the ICU or ‘Boot Idie' for the DPU) or 2) they are running uplinked code (cdled ‘ Operational’ for the ICU and
‘DPUOS for the DPU. The tharaderistics, inter-relationship and required transitions between the modes, including
theindividual modes of the ICU and DPU, are given in more detail in the diagram and table overled.

2.3.1.1 Off
ICU and DPU are nat powered. The Bootstrap Init mode is entered autonomously after power on.

2.3.1.2 Bootstrap I nit

TheICU is powered and

performs areset of interfaces.

copies required ROM to RAM.

initialises the software.

sets high voltage ports to zero.

turns off the secondary power.

resets the DEMPSU.

moves the filter whed close to the blank position (i.e. such that the marse sensor is ).

Nouok,rwhpk

The software then autonamously enters the Bootstrap Reset mode.

2.3.1.3 Bootstrap Reset
TheICU is powered. The configuration isin aknown state.

If entry to Bootstrap Init was from being powered on or as aresult of a Cold Start Instruction to RBI, the ICU
autonamously enters Basic Mode.

Otherwise, the transition to Basic Mode only occurs after recept of the Start Instruction to RBI.

2.3.1.4 Initial/Basic

Thisisthefirst point at which telecommanding and telemetry are possble. It is posgble to move to operational mode
from here provided the ICU code has been uginked sincethe last cycling of the Kegy Alive Power. It isonly possble
to uplink ICU code in this mode.
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2.3.1.5 Operational

At thispaint it is now possble to command and receave telemetry from the DPU. The secondary power is now
enabled. There ae four sub-modes: Full Safe and Intermediate Safe, Idle, Science and Engineaing and Calibration.
As of release 10 of the software (ECR 086) it is possible to request atransition to any one of these modes even if it is
the arrent mode..

2.3.1.5.1 Safe
This has two sub-modes, Full and I ntermediate.

231511 Full Safe

A transition to this mode will cause the High Voltagesto bein asafe amndtion. The filter whed is moved to the
blocked pasition. Should the latter operation fail for any reason, as from release 10 o the OM softwareit isnot
possbleto leave this mode unlessthe filter whed has been commanded to the blocked position (filter whed absolute
paosition 1200.

Itisonly possible to udink the DPU code in this mode. This must be dore beforeit is possble to moveto Idle.

2.3.1.5.1.2 Intermediate Safe

A transition to this mode will cause the High Voltagesto bein a andition whereby only the Cathode voltage is
ramped down to zero. The filter whed is moved to the blocked paosition.

2.3.1.5.2 Idle

In thismode it is posgble to control the High Voltages and dovnload previously aaquired Science or Engineaing
Data. However, as from release 10 o the OM software, any attempt to ramp up any high voltage will fail unlessthe
filter whed isin the blocked position.

2.3.1.5.3 Science

Inthismode it is possble to acquire ascienceimage. It is aso possible to control the High Voltages and dovnload
Science Data. However, as from release 10 of the OM software, any attempt to ramp upany high voltage will fail
unlessthefilter whed isin the blocked pasition.

2.3.1.5.4 Engineering and Calibration

Thisisthe only mode in which it is possble to move the Dichroic medchanism. Engineeaingimages can be
aqquired. It is also possible to control the High Voltages and download Science Data. However, as from release 10 of
the OM software, any attempt to ramp upany high voltage will fail unlessthe filter whed isin the blocked pasition.

2.3.1.6 Wait State

The OM is powered bu the ICU processor isin ahalt state. It is possbleto perform low-level memory dumps from
and patches to the ICU. TM and TC Padkets are not processed.

This copy printed at 11:33 AM on 12-May-00 |



| 00-fezTuo WveETT e powund AdoosiyL

e ﬁ ﬁ 2
1353y Emmz
Q3LVILINI O/S AJ14 O0AHILYM Q3LVILINI O/S
1353y \f \#
QaLVILINI O/S
(¥)
q11vo j
®
ON3 (9)
34VS anNvANoD
ANYWWOO alelpauw %
v SETT v
Vl_mmwalv A v ANVINNOO ANYWWOO A._”v on 1¥V1S 19Y
LIVM END_ aNvHNOD 34VS e WML (515YE) [ ‘snononotnv— LISTY [« 3100 [|NI
lin4 TVILINI HEVLS 0109
*+ o S
A
anv
v aNVANOD
(¢) L
3JON3I0S
. ~—» 440

SNOILISNVd1l 4dON N4 NO

51 SGBO0O/TIN/TISSIN/INO-ININX () enue N JBsn INO-ININX



| 00-fezTuo WveETT e powund AdoosiyL

3|gepuewwo)
ON A ON ON ON ON ON ON e} WS UeLpaLU 2104y21d
Josues
pabueyoun 9|qe|eAY 9|ge|eAY o|ge|eAY o|qe|eAY a|qe|ereun | ajgejeAeun pabueyoun HO auld4
Josuss B_UM Sws|
pabueyoun d|qe|eAY S|qe|eAY S|qe|eAY d|qe|eAY o|qe|_AY o|qe|_AY pabueyoun 3O 50D RyH -Ueyoe N
pabueyoun d|depueliwion | 3jgepuewliod [ ajgepuewiwod pexooIg pexo0Ig pexo0Ig pabueyoun HO uonsod
pabueyoun a|gepuewiwiod HO HO HO HO 3O pabueyoun HO d37pood (Wp
uo Aeis siepaH doo doo doo doo uo zd1H
po.;emod pasoID pasoID pasoID pasoID + Td1H 1O pabueyoun HO fewey L ZNO
SJ1U0J1B 3 so
pabueyoun uo uo uo uo 4O 4O pabueyoun HO J01R1RJd -0 3
0Bz abeljoA UBIH
pabueyoun uo uo uo PO 1O 30 30 30 HO 101%91d
oMod
pabueyoun uo uo uo uo 1O 1O 3O HO Arpumag
Mod
uo uo uo uo uo uo uo uo HO uen
uonisnboy
pebueyoun 8|gepuelLILoD | 8[gepuewwod ON ON ON ON ON 3O erg
ON 1Ind 1Ind 1Ind elsed ON ON ON HO 9|gepuewiwiod
sondd pebueyoun asp
pabueyoun sSondd Sondd sondd J03|p| 1009 9|p| 009 9|p| 1009 9|p] 1009g = 440 woi4 HO SPOIN nda
ON SOA SOA SOA SOA SOA ON ON HO Apuspl
(naa)
ON SOA SOA SOA SOA SOA ON ON HO puewiwmap L Nl
peley s!
Ndd NOI feuoireRdo feuoireRdo feuoireRdo feuoreedo osed 159 | 3o SpoIN 4{/(e]
Mod
uo NO uo uo uo uo uo uo uo BNl by Mdnaa
uo uo O uo uo uo uo uo HO Mod UBN
() (€ @ (©) () (0
B| 114
‘Bug 90U DS a|pI ajes
TVYNOILVvd3dO QISvd 1353 LINI
LIV ONINNNY dvd1S1004d 440

So1351.810e 1eyD 3P0 I PO N N4

9¢ SGBO0O/TIN/TISSIN/INO-ININX () enue N JBsn INO-ININX



XMM-OM User Manual (FM) XMM -OM/MSSL/ML/00085 37 |

2.3.2 ICU

2.3.2.1 Overview

The overdl instrument functionis provided by the instrument controller. I1ts main software functions are as
follows:-

e Configuring the instrument.

e Monitoring for breskdown/failure cnditions (and safingif required).

e Contralling and monitoring status of, the detedor, the telescope power supply and the DPU
e Incorporating new or modified code modules for itself or the DPU

e Colleding and telemetering. instrument housekeeping and engineaing padets.

*  Accepting, reformatting into padkets and tel emetering science data from the DPU

* Interfadngwith the OBDH for data and commands.

e Monitoring and controlling the thermal environment.

The ICU software mnsists of 3 programs :-

BOOTSTRAP This residesin ROM and is copied into RAM for exeaution. It is resporsible for bringing up the
ICU in a known safe state dter turn on or spacecaft initiated reset, from either a old or warm
start. It also copies the basic state software from ROM to RAM.

BASIC Thisresidesin ROM and is copied into RAM for exeaution. Basic will be resporsible for loading
the uplinked ICU operational mode ade into RAM, housekeeping and basic thermal control.

OPERATIONAL Thisisuplinked and will residein RAM. Operational provides the full functionality of the ICU. It
also alows up-linking of the DPU DPUOS code to provide full OM

2.3.2.2 Bootstrap Code.

The bootstrap code is described in the Detailed Design Document, XMM -OM/MSS./SP/0205
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2.3.2.3.11 Summary of Telemetry

A full description of the telemetry is given in Telecommand and Telemetry Spedficaion (XMM -
OM/MSS./ML/0010). In this manual, we will give asummary of the telemetry avail able to assist in the reading

of that document.

XMM-OM/MSSL/ML/00085

Type Telemetry Packets Avail able Comments
Housekeeping HK at 10 secs Seleded by SID vaue
at 3secs
Telecoommand Successful Command Acceptance
Verificaion Unsuccessul Command Acceptance
Unsuccessul Command Exeaution
from Detedor System
Event from Mecdhanisms
Reports of Seleaded DPU Alerts Seleded by SID
Bootstrap Report
Non Periodic from Detedor System
Housekeeping of ICB errors Only when enabled
if ADA exception
Exception | lossof medhanism paosition
Reports of S9 errors Always enabled
Bootstrap Report If booting encounters problems
of al DPU error Alerts
Task Management ICB Port read-badk
Memory of ICU
Memory Dump of DPU
Maintenance Reports of Detedor Tables
Memory Chedksum Reports for ICU
Telemetry Management | TM Packet Generation Status Report

Time Management

Time Verificaion Report

Science

Window Data

Priority Field Acquisition Data

Fast Mode Data

Tradking History

Reference Frame Data

Regular Image Mode Data

Fast Mode Data

Engineeaing Data

Auxiliary Data

Only when enabled by SID

This copy printed at 11:33 AM on 12-May-00 |
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XMM-OM/MSSL/ML/00085

2.3.2.3.12 Main Software Components for Basic and Operational.

The diagrams overled ill ustrate the control and data flows between the main software cmponents for both basic
and operational code. A brief explanation of ead component is also given. These two modes share many
components. Their similarities and diff erences are summarised below, together with the type of telecommands
(and Task Identifier - TID - if appropriate) they service This sedionis abstracted from APP-8, in which afull
description of the ICU software can be fourd..

Component Type TID Function in Basic Function in Operational
of TC (HEX)
DEMPSU 5 80 . Resets DEMPSU Latchup . Resets DEMPSU Latchup
e Turns-onDPU if Off e Turns-onDPU if Off
e Turnsoff DPU
DETECTOR 5 10 ABSENT e Control and monitor detector.
18
DPU 5 A4 e MonitorsDPU heatbeatsand | « UsesSS to communicate with
MANAGER A6 sends the @unt to the HK the DPU.
e Configure and control DPU
modes.
e Control Science and Engineeing
data flow from DPU and send to
TM QUEUE.
¢ Monitors DPU heatbeats
HK 5 DO ¢ Colled and passHK padkets e Colled and passHK padketsto
to the TM QUEUE that the TM QUEUE for thewhale
monitor only the TMPSU and OM.
DPU heatbeds.

ICB 5 41 e Controls dataflow to/fromthe | «  Controls dataflow to/from the
instrument subsystems using instrument subsystems using the
the ICB interface ICB interface.

MECHANISMS 5 60, ABSENT e Control & monitor mechanisms
65 (filter wheds, dichroic
mechanism).

MEMORY 6 - e Suppats memory uplink and e Suppats memory uplink and

MANAGER downlink and memory downlink for the DPU only.
chedksum cdculations for the
ICU only

MODE 5 - ¢ Implements mode change e Implements mode change

MANAGER reguest to Safe requests from spacecaft

RBI 51 50 e Providesroutinesto support ¢ Providesroutinesto suppart the

0 the RBI chip RBI chip
e Handle gpropriateinterrupts | «  Handle gpropriate interruptsto
to the TC and TM queues and the TC and TM queues and time.
time. e Suppy Watchdog Fadlity
*  Suppy Watchdag Fadlity
SAFING 5 D1 ABSENT ¢ Implements command to SAFE
mode
¢ Implements Autonomous Safing
Ss see - ¢ Obtainsinfo fromthe DPU e Passscontrol and datainfo to
DPU usingthe SSl interface the DPU using the SSI interface

e Obtainsinfo from the DPU using
the SSl interface

Continued on rext page...
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XMM-OM/MSSL/ML/00085

Component Type TID Function in Basic Function in Operational
of TC (HEX)
TASK Implements the task Implements the task
MANAGER 5 management padket management padket requests
requests
TC PROCESS Obtains telecommand Obtains telecommand padkets
padkets from the from the telecommand qeue.
telecmmand qeue. Verifies, adknowledges and
All Verifies, routes telecommand padkets -
adknowledges and the ‘main’ program
routes telecommand
padets - the ‘main’
program
THERMAL 66,6 Enables or disables Provide full thermal control
5 7 Main and Forward
Heaters
simultaneously.
TIME - Implements the Time Implements the Time
MANAGER management padket management padket requests
10 requests (verification (verificationand
and synchronisation). synchronisation).
Provide time stamps Provide time stamps for
for packets. padkets.
TEMEMETRY - Enables/Disables Enables/Disables padets
MANAGER 9 padkets defined by defined by their SID’S
their SID’'S
T™M QUEUE - Provide aility to Provide aility to control and
Suppies control and queue queue telemetry padkets for
™ telemetry packets for downlink.
downlink.

This copy printed at 11:33 AM on 12-May-00 |
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2.3.2.3.13 Overview of Principle Memory Areas
SeeAPP-8 for more detail.

XMM-OM/MSSL/ML/00085 4g |

Code Address(hex) | Description
Start End
0 3FF Boatstrap
400 3FFF Basic Mode
3800 FFFF Operational Mode
Data Address(hex) | Description
Start End
2C7 2D4 | Boatstrap Deduced ICU Status
2F1 313 | Bootstrap Filter Whed Accderation Table
3F2 3FD | Memory Loading Work Area
400 403 | RBI Communications Area(CCA)
404 583 | TC Queue
5F4 9FF | TM Queue
A00 AOA | RBI Code Work Area
AOB AOB | S9 Code Work Area
FCO FCF | DEBUG Area
1000 1B55 | Basic Mode Operands
1C00 4A10 | Operational Mode Operands
23A4 23DB | Focus Heater Settings asfunction o Filter Whed
E900 FDOO | Main Program Stadk
FDO1 FFFF | Interrupt Stack

This copy printed at 11:33 AM on 12-May-00 |
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2.3.3 DPU

2.3.3.1 Overview
APP-9 should be consulted for full details on the DPU operation. This document will confine itself to an overview.

The detedor is a photon-counting system. Estimates of the count rate from the field (2e5/sec) imply that for a1024 x
1024 format image, the bit rate would be 4 Mbit/second. This grosdy exceelsthe available datarate for XMM asa
whole.

To compressthis bit rate, the DPU software stores the images in an acamulating memory, for atime compatible
with scientific objedives (typicaly 1000seaonds). However, the spacecaft attitude may drift by more than one
imaging pixel on thesetime scdes and produceimage blurring. It is the primary goal of the DPU software to
compensate for this.

A semndary requirement isto provide high time resolution data of areduced set of scientific data. For example,
some X-ray targets will have interesting intensity variations with time-scade much shorter than an image @llection
interval. The datais extraded for limited portions of the image on time scaes from millisecondsto seands. It must
also provide engineeing and housekeeping. In addition, the data is al so compressed.

All datatypes are sent to the ICU for reformattinginto padkets.

The diagrams overled ill ustrate the main software components in each processor, their functionality in each DPU
mode (Boot and DPUOS) and their inter-rel ationships.

2.3.3.2 Global RAM Map

The global ramis divided as foll ows:-

start end description comment
(hex) (hex)
0 7tff | PROC
8000 fffff | bigword memory spilt in half for current and previous exposure
100000 3fffff [ unused
400000 5fffff ping-pong area for data aqyuisition and tracking
600000 6fffff | smal wordmemory | fast mode datastore
700000 TEffff compressed data store
800000 df ffff [ unused
e00000 ~e10000 white swap urit codes
30000 ~e31000 | RAM program blue codes
50000 ~e53000 | codearea red codes
e70000 ~e73000 white dpucs codes
e7ff00 e7ffff loader lookup table
f 00000 ffffff | ROM code aea Addresses at the very high end are reserved by Motorola
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XMM-OM DPU FLIGHT S/W OVERVIEW

White DSP: Red DSP: Blue DSP:
BOOT DPUOS-r ISRs
DPUOS-w Red Tasks Blue Tasks
White Tasks

Each of the 4 processors (DSP) in the DPU (white, red, blue
1/2) has different software complement and functionality.

XMM-OM White DSP BOOT

C DPU Hardware )
ISR: Memory Data 1/O:
Bus, SSI, Clock, Access Data, Alert,
Watchdog Support Priority
Command
Processor Boot Manager

At power-on and reboot, the DPU is in the White DSP Boot state.
It supports basic command processing and program upload.

XMM-OM White DSP, DPUOS-w

[ DPU Hardware )
ISR: Memory Data I/O: Code
Bus, SSI, Clock, Access Data, Alert, Loader
Watchdog, SCI Support Priority
[ — |
Command
Processor Task Manager

C White Tasks )

Under normal operation, the White DSP is in the DPUOS state
with full DPUOS functionality. The White DSP environment
supports C codes.
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XMM-OM White DSP, White Tasks

IDLE
FLUSH_COMPRESS )
ABORT /
™ ENGINEERING
NTIALZE ) __( encineeRNG)
Task Manager/
INIT_EXP Code Loaderé FINISH_FRAME

ACQUIRE_FIELD

CCHOOSE_GUIDE_STARS)C TRACK_GUIDE_STARS )

/

COMPRESS_DATA

The scientific data processing functionality of theWhite DSP
is performed by a complement of tasks in high-level codes.
These tasks can consists of one or more “swap units.”

XMM-OM Blue DSP S/W Configuration

[ DPU Hardware )
ISR: Data ISR: SCI ISR: Bus

! il
CState change) [Dataoutput )
v

C Fast mode processing)

Background tasks:

Event processing [Engineering mode processing)

The Blue DSP software consists of a suite of interrupt service
routines and selectable background tasks. The Blue DSP

environment does not support C codes.

XMM-OM Red DSP, DPUOS-r & Red Tasks

[ DPU Hardware )
ISR: Memory Access
Bus, SCI Support

AN

Task Manager

I
7 lacoomanre)
C ABORT ) (INITIALIZE)

The Red DSP software consists of an abridged version of the
DPUQOS and dedicated data processing tasks. The Red DSP
environment supports C codes.




