N

PRELIMINARY

ACE-CT-013-40
University of New Hampshire

SEPICA:

Solar Energetic Particle Charge Analyzer
Instrument Functional Requirements
Document
for

The Advanced Composition Explorer Mission

California Institute of Technology
Baselined on:
- April 27, 1994




. This Page Intentionally Blank




Approvals:
Prepared by: R. Mewaldt
S. Turco Mission Scientist
SEPICA Instrument Manager
E. Mobius A. Frandsen
SEPICA Lead-Investigator Payload Manager
D. Hovestadt E. Stone
SEPICA Co-Investigator ACE Principal Investigator

B. Klecker
SEPICA Co-Investigator

L. Kistler
SEPICA Co-Investigator

II



This Page Intentionally Blank



B W W

B
B

U th n

W b

aovon
WA —

Table of Contents

Background .....ovneeiniiiiiiiiiiiiiiiiiiiiitiiiiititittenitenacnans 1

Purpose & SCOPe..c.civevereirinienseresieosassstoscesasesscsacances 3

Applicable DocumentsS..ccciciiiiiieicieneicrerencnroscessanncnascanes 4

Functional / Performance Requirements & Constraints............ 5
Instrument Performance Requirements........c..cooevviiieiiiiiiiinnnnninnn... 5
Ground Support Equipment Functional Requirements........................ 6
Resource Constraints......c.oovvieiieiimiieinsii e ereeeeeeaaenas, 8
Operational Constraints.......ccceeiiiiiiiiiiiiiiiiiiii e 9

Interface Functional Requirements.......ceoieiiiinnnnncennnacecennn 10
Instrument / Spacecraft ... 10
Instrument / DPU ..o e 10
Instrument / GSE....ooiiiiiii e 10

SEPICA Instrument Description & Requirements........ccc....... 11
Principles of Operation .........ccovviiviiiiiiiiiiiiiiiiiiiirc s 11
Design PhiloSophy ......ccoiiiiiiiiii e 12
Requirements Partitioning....cccceoeevieiiiniiiieiiiiiniriiiiiinennieciaennnes 13

v



List of Figures

Figure 1.0-1 SEPICA Functional Blocks HEritage ........ecvuiueiinenniiiuienninirinieneneennennnnn... 2

Figure 4.2-1 SEPICA GSE Block Diagram........... e e e e 7
- Figure 6.1-1 SEPICA Principles Of Operation........:.iueeertieionnernioenseesmossseseesenssoneon. 12
Figure 6.3-1 SEPICA Functiénal And,Elecnical, Block Diagram .................................... 15
v




List of - Tables

Table 4.3-1 Resource ConstraintS.....ccccviiriiiiriiiiiieiieireiiiriereeeeereeee e eeeeeeeeeeeeseennns 8

Table 4.4-1 Operational CONSITANLS . ....eireinnrniian et terent et trererreenenaneennns 9

Table 6.3-1 SEPICA Instrument Controlled Design Parameters..............ccocevveiiiinvinnnnn... 16

Table 6.3-1 SEPICA Instrument Controlled Design Parameters (continued).............c......... 17

Table 6.3-2 SEPICA Components And Assemblies/Subassemblies .............cocoovieiiini.... 18

Table 6.3-2 SEPICA Components And Assemblies/Subassemblies ..............cceveiiiininnnn... 19
\%!



) < " E — "

Revision Log
v




ACE-CT-013-40
SEPICA Instrument Functional Requirements Document

1. BACKGROUND

The SEPICA instrument is the prime sensor on ACE for the determination of the charge state
distribution of energetic particle distributions. The SEPICA science requirements are contained in
the ACE Science Requirements Document (GSFC-410-ACE-004). The instrument design and its
design parameters as discussed below are consistent with the SRD and represent the concept and
design goals for SEPICA.

The SEPICA instrument is based on the design of the ULEZEQ sensor flown on the ISEE
spacecraft (Hovestadt et al., 1978). The SEPICA instrument however is a greatly improved
version over its predecessor. The basic elements of SEPICA, including the electrostatic deflection
system, the solid state detectors, the proportional counters, and their gas-pressure regulation
system, have all operated reliably in previous space applications. An overview of the specific
functional elements of SEPICA from other spacecraft programs is given in Fig. 1.0-1.

During Phase B, the design of the SEPICA instrument was further specified. In particular, it was
shown that a multiwire frame proportional counter could be used to determine the charge state of
the ions, and would not be the limiting factor for the charge resolution of the instrument. Highly
integrated amplifiers(CAMEX) were studied for possible use in SEPICA. These amplifiers, based
on a long history at MPE and CERN, have now been specifically modified and qualified for an
application similar to SEPICA’s in the SOHO CELIAS experiment. Because of the inherently
flexible design the dynamic range can be easily adapted to the SEPICA requirements.

During Phase B, it was decided that three instruments will be serviced by one data processing unit
(DPU) which would also serve as the command interface to the spacecraft command and Data
Handling (C & DH) system. This multi-purpose DPU will be provided under contract to the
University of New Hampshire by the Technical University at Braunschweig (Germany). Because
the DPU services the needs of the SWICS and SWIMS instruments as well as those of SEPICA,
it has become known as the S3DPU.
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2. PURPOSE & SCOPE

The purpose of this Instrument Functional Requirements Document is to describe which mission
science objectives are relevant to the SEPICA instrument design, translate those science objectives
into specific performance objectives for the instrument, and then describe the basic instrument
architecture, partitioning the assembly and sub-assembly requirements in a way that the overall
performance objectives can be met. This includes describing the performance criteria of the
sensor assembly, as well as specifying the necessary support assemblies such as the power, data
processing, thermal, etc., and identifying the constraints on resources such as mass, power, size,
etc. Environmental constraints on the design are also identified.

Change in one of these external or implied constraints constitutes a change to the design
requirements.

The IFRD is not meant to give detailed design specifications for all sub-assemblies of SEPICA.
Those will be delineated as part of the detailed design process during phase C/D and documented
in the Instrument Design and Data Package (ACE-CT-013-42). The IFRD identifies instrument
components and assemblies at the block diagram level. Each instrument assembly is based on the
design architecture selected during Phase B. Those specifications which are driven by external
requirements such as spacecraft interfaces, environmental test specifications, etc. are noted.
Signature of the IFRD by the Co-Investigator responsible for instrument design constitutes
recognition of performance goals consistent with the mission requirements, and defines the scope
of build for the instrument. The IFRD is the metric by which instrument design and performance
will be measured throughout phase C/D. As described in the Caltech Configuration Management
Plan (ACE-CT-100-031), the SEPICA IFRD will be under configuration management of the
Caltech PMO. Changes to the IFRD, when required and approved, will be considered a change
of scope on the instrument design. Consequently, the basis for evaluation of CRs will include
consideration of the impact on mission science requirements as well as the potential cost and
schedule implications.

Because SEPICA depends on the S3DPU for on board processing of sensor data and since the
S3DPU acts as the data and command interface to the Spacecraft C&DH component, Appendix A
of this document specifies the performance requirements on the S3DPU for SEPICA support.
Moreover, since UNH is responsible for the S3DPU contract, Appendix B of this IFRD specifies
the overall performance requirements for the S3DPU in its support of the three separate science
instruments that it serves. An Interface Control Document that specifies all necessary electronic,
and software interfaces to the DPU from SEPICA, SWICS, and SWIMS will be produced by
UNH and put under the configuration management responsibility of UNH. A separate IDDP for
the S3DPU describing its detailed design specifications and configuration will also be produced
jointly by UNH and TUB, and be under the configuration control of UNH.
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The foHowing ciocuments irnpact the design requirements for SEPICA or the S3DPU directly:

1) ACE Mlssmn Science Requirements Document (GSFC-410-ACE-004)
.~ Specifies 1nstrument measurement requirements.

2) Spacecraft Envnroynmental Specification (JHU/APL 7345-9007 )
' Spec1ﬁes env1ronrr entas to which SEPICA and the S3DPU will be subjected.

3) Envnronmental Des:gn and Test Reqmrements for the ACE Payload (ACE-
CT-100-22)
Speclﬁes requrrernents and procedures for meetmg the Env. Spec

77'4,) Payload Verification Matrix (ACE CT-100-024)
- Specxﬁes mstrument Venﬁcatlons (analysm and/or testing) parameters required.

5) 'Inﬂstrument Assurance Implementatlon Plan {(ACE-CT-013-25)

Describes the practices used at UNH to produce an instrument that meets the reliability and
, hfetxme requrrements commensurate with the ACE mission reqmrements

| . 6) ,,,,General Instr ument Interface Specrficatlon (ACE-APL-7345-9005)
S pecrﬁes genera] mterface requnements for accommodanon on the spacecraft.

-7) . Specific Instrument Interface Specxficatlon for SEPICA (ACE-APL-7345-
- 9013) -
Constrtutes the Interface ControI Document between SEPICA and the spacecraft.

8) Pavload Conﬁguratlon Management Plan (ACE-CT-100-031)
- Describes the Caltech PMO CM procedures which must be consisted with those stated in the
SEPICAIAIP>

; 9)_ Instrument Desngn and Data Package (ACE-CT-013 42) . .
o e Contains details of the design execution which meets the requirements described herein.
Included are detailed design specifications for SEPICA and S3DPU components,
assemblies and subassemblies. Also included are GSE design details. In general, the IDDP

includes drawmgs, parts and matenals, test reports, analyses and instrument log books.

. 10) Interface Control Document for the S3DPU
- (This is a place holder for whatever documents control the scope and interface to the
S3DPU).

“11) Specific Instrument Interface Specxficatlon (ACE-APL-7345-9019)
Specifies general ; mterface requlrements for accommodation on the spacecraft.

4
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4. FUNCTIONAL / PERFORMANCE REQUIREMENTS & CONSTRAINTS

The science requirements delineated in the ACE Science Requirements Document (GSFC-410-
ACE-004), drive the basic performance requirements for the SEPICA instrument. Mission
science goals include characterization of the ion distributions accelerated in solar flares as well as
in interplanetary space during ESP (energetic storm particle) and CIR (co-rotating interaction
region) events with regar to their elemental and ionic charge composition.

4.1.

Instrument Performance Requirements

Specific characteristics and measurement requirements for SEPICA are:

Y

2)
3)

4)

6)

7

Measure the ionic charge state, Q, the kinetic energy, E, and the nuclear charge, Z, of
energetic ions;

Measure these properties for elements H through Fe(refer to Table 6.3-1);

Uniquely identify charge states by designing an instrument with charge state resolution
AQ/Q <0.1 up to >1 MeV/charge;

SEPICA will provide elemental resolution over a wide energy range (refer to Table 6.3-
1) _ -

For low maSs numbers, SEPICA should also separate isotopes, for example, 3He and
4He, to allow the study of 3He-rich solar events; [A goal, not a requircment]

During solar quiet times, SEPICA should also be able to directly measure the charge
states of anomalous cosmic ray nuclei, including He, N, O, and Ne, which are
presumed to be singly-charged; [A goal, not a requirement] and

Finally, in order to study small solar events with sufficient statistical accuracy a
geometrical factor of = 0.4 cm?2sr is necessary. [Minimum = 0.2cm2sr]

These measurement requirements and objectives call for significant improvements in SEPICA
over the ULEZEQ sensors in two specific parameters:

1)

2)

Increase of the geometrical factor by at least a factor of 20 (over the 0.02 cm?2sr
accomplished with ULEZEQ) to improve significantly the measurement statistics;

Improvement in the charge resolution to AQ/Q = 0.1 for an energy range up to at least 1

MeV/charge (over the AQ/Q = 0.3 accomplished with ULEZEQ). (This allows
resolution of individual charge states for elements with atomic masses up to oxygen.)
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4.2.  Ground Support Equipment Functional Requirements

:Thé SEPICA GSE n'ms't‘s,erve several functions. The main function will be stimulus and

control of SEPICA via a component of the GSE developed by the Technical University at

- Braunschweig. This component will be delivered early in SEPICA's development phase in the

form of a breadboard or "Rumpf" DPU simulator. The capablities of this simulator will be
limited in latch-up and emergency control circuitry, and a lessor version of software but
otherwise identical in function to the flight DPU. It must support the instrument operation and
test, ‘interface to the S/C simulator (the design of which is provided by APL but will also be
incorporated into the simulator), support the instrument for its environmental test and
calibration phase, and last of all, provide ancillary support at S/C level integration.

The GSE will support the full calibration and functional tests of the SEPICA instrument. It
will have the capability to send commands and receive, analyze, and display the output data
stream. It will be able to stimulate electronically all amplifier inputs in predetermined
combinations by pulsing the preamplifiers at various specified levels. The use of precisely
controlled and stepped test pulses will allow accurate measurements of all amplifiet/ADC

response functions, discriminator thresholds, and noise characteristics, and thus provide
~complete functional checks of the instrument logic. The GSE will be implemented as a 486 PC
- based workstation with a combination of custom designed and commercially procured
-interfaces. The design and configuration of the supporting GSE workstation will be the

responsibility of UNH. .

‘Figure 4.2-1 is a block diagrarh of the GSE illustrating its functional subcomponents and its

interfaces. Details regarding the interfaces between the instrument and the GSE are described
in Appendix B, section B6. TACES e 1t and
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4.3 . Resource Constraints

Based on an architecture and design concept described below, a careful study of the SEPICA
instrument resource requirements for mass, power, and volume and data have been completed
in Phase B. Likewise, development of a spacecraft bus design has matured to the level that
~overall allocations of mass and power and data can be made to each instrument commensurate

- mass and power which must be carefully managed during phase C/D. The following table

“(Table 4.3-1) allots resources of mass, power, and data to SEPICA and the implementation of
this instrument must not only be specified by its performance requirements listed above, but
- constrained to be within these baselined resource allocations.

Table 4.3-1 Resource Constraints

[ Resdﬁrée ' g Phase B Estimate V - Allocation

— mass | oks 22.5 Kgrms
power* 6.8W nominal, 8.2W peak 7.8 W/9.4 W
average data rate* 608 bps : 608 bps

* Includes power for internal thermal control -

** Peak data rate of SEPICA must be coordinated with the data requirements of the SWICS
-and SWIMS instruments such that the total rate available to the S3DPU (1624 bps) is
never exceeded. ' .
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4.4. Operational Constraints

As discussed in the introduction, certain externally imposed requirements dictate the
conditions under which the instrument must perform. Table 4.4-1 lists the known
"operational constraints,” references the source of the requirement, and notes which of the

instrument subsystems or assemblies are impacted by these constraints.

Table 4.4-1 Operational Constraints

Constraint Source Impact
Instrument angle Impact of sun (UV) on Thermal control and
with respect to sun PC window operational temperature
restricted to 20 limits--principal impact
degrees max. on entrance aperture
assembly.
Temperature Detector temperature SEPICA is isolated from
. must be controlled to S/C and is responsible
stay within certain for its own thermal
parameters control
Lack of contact for DSN scheduling requires certain functions
up to 48 hrs. constraint for ACE be autonomous
Contamination Sensitivity of solid state ground handling and
detectors integration (requires
purge)
Corona discharge Outgas instrument before
and/or contamination 30kV P.S. brought to
nominal voltage
HYV operation limited to
TBD(except during TV)
SSD bias and HV
operation prohibited
during vacuum pump-
down
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,,,,, INTERFACE FUNCTIONAL REQUIREMENTS
= Functlonal interface requxrcments on mterfaces between the instrument and the spacecraft,
- S3DPU, and GSE are briefly described below. Details of the S/C interface design are specified in
the SEPICA SIIS (ACE—APL-7345-9013) Details of the interface between the SEPICA

~Functional mtcrface requirements betwcen the S3DPU and the spacecraft are described in the

~ 83DPU SIS (ACE-APL-7345-9019). Those dealing with the instrument GSE will be described

in the SEPICA IDDP (ACE-CT-013-42). The following subsections specify only the

- -functionality of the Interfaces that are requn'ed or constrained by those elements discussed in
section 4.

5.1. Instrument / Spacecraft

A single cable mterfaces the 'SEPICA instrument to the spacecraft. This cable carries two
- redundant 28V primary power lines as well as a redundant set of heater power, pyro power,
and analog ternpcra ure readouts.

5.2, vInistrument / DPU |

The second cable mterfaces the mstrument to thc S3DPU. Thls cable will carry the science
and housekcen data as well as commands used for instrument configuration.

-5, 3 Instrument l GSE

If the GSE is to be connectcd to the SEPICA instrument or the S3DPU after they have been
integrated on to the spacecraft, the GSE interface shall be of a design which isolate GSE
- power ground from spacecraft star ground. '

10
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6. SEPICA INSTRUMENT DESCRIPTION & REQUIREMENTS

6.1. Principles of Operation

The sensor employs electrostatic deflection of incoming ions in a collimator-analyzer
assembly, and then measures their impact position in the detector plane. dE/dx - E are
determined using a proportional counter / solid state detector combination. Potential
background from penetrating radiation is suppressed by the use of an anti-coincidence
detector.

Figure 6.1-1 shows the basic measuring principle. To simultaneously determine the energy
E, nuclear charge Z and ionic charge Q of the incoming particles several methods are
combined:

* Energetic particles entering the multi-slit collimator, which focuses the particles on a line
in the detector plane, will be electrostatically deflected between a set of electrode plates which
are supplied with a high voltage up to 30 kV (to be set by telecommand).

* The deflection, which is inversely proportional to energy per charge, E/Q, is determined in
a multi-wire thin-window proportional counter.

* The thin-window proportional counter is also used to measure the specific energy loss
dE/dx, which depends on the energy E and the nuclear charge Z of the particle.

» Finally, the residual energy of the particle, Eres , is directly determined in the solid-state
detector.

* An anti-coincidence system, which consists of a CsI scintillator and silicon photodiodes,

is used to suppress background signals from penetrating high energy particles. This is of
particular importance for the study of low fluxes in weak solar events and during quiet times.

Using the relations

dE/dx ~ ZA(E/M)e
Q=(Q/E)*E, and
M ~2%Z

the ionic charge, Q, the initial energy, E, and the atomic number, Z, as well as the atomic
mass number M (for low mass ions, e.g., He) can be separately derived for individual

particles. The coefficient « is close to 1/2 for energies greater than = 5 MeV/Nucleon. At
lower energies the energy loss is reduced due to incomplete ionization of the particles. The
correct relation can be taken from tables (e.g. Ziegler, 1980) and will be calibrated with an
ion accelerator for the flight instrument.

11
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Design Philosophy
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re resolution.. However, the

same basic techniques will be used again, but refined, and some subsystems will be replaced
by newer developments. For example, the position measurement is now performed in the
proportional counter with a technique used on the German X-ray satellite ROSAT and highly

" integrated circuits will be utilized to reduce the volume and

weight of the electronics.

However, no new technologies will be developed for this instrument.
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In this section we describe an architecture which allows the top level instrument performance
requirements to be met. Figure 6.3-1, the SEPICA block diagram, illustrates the principle
functional components of the instrument and shows how they are interrelated.

Table 6.3.1 lists the controlling design Parameters and constraints for the SEPICA
instrument. Onboard data processing requirements of SEPICA on the S3DPU are discussed
in Appendix A. Appendix B lists other requirements on the S3DPU.

Table 6.3.2 identifies the required components and assemblies/subassemblies which constitute

the SEPICA flight instrument subsystem. Required constraints in parameters associated with
the listed components, assemblies or subassemblies are also given.

13
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' Table 6 3 1 SEPICA Instrument Controlled Desxgn Parameters

= T = :REQUIREMENT T GOAL
 [FeldofView

= : 1T 80x15deg.

Geometnc Factor (Iow ~ | =20Zcmsgst 0.36 cmsqsr
- ]resolution) - - :

'mrx S0 omgr | 0.06 omsge
resolution) S T ' o

 [Particle Species M_“'—easured 'j'-:";' — 25Z<38 | 173
(NUcIear Charge Z) * , '

l/\‘

28

; Energy Range For Charge . e MeV 1 , — MeV
State Resolutlon - ;;'i s 0 3- 20 Q (Z= 6) 0.3-2 3

MeV
Q

T 15% (highres.) ~—10% (high res.)
-50% (low res.) - - 30% (low res.)

~ (Z=26) 0.1-2

.

Charge Resolton (@0 30% (hlghres) ~30% (Wghres)
, - 1 100% (lowres) 60% (low res.)

. Element Resolutlon Energy : — Mev. | 7 — MeV
. Range s "'03 8 Nucleon (2_6)02 17 Nucleon

= Eea s SR | (Z=26) 0.1-32 Ry

i’ . | Event Rate Range:k e 7'; ' Ifhr's R< 10" 3/sec 1/hr £ R £ 5*%10"3/sec
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Table 6.3.1 SEPICA Instrument Controlled Design Parameters (continued)

REQUIREMENT GOAL

Temperature Range, T (deg C)

- Preferred Operating -5<T<+15C

- Allowable Operating -10=sT<+30C

- Qualification 20 T<+50C

- Survival TBD <T < +60C
Design Lifetime (In Space 2 2 Years 11 Years
Operating with total radiation
dose <10K Rads)
Mass (Including intra- <22.5kgm <21.5 kgms
instrument cabling, but not
DPU harness)
Power, (watts):

- Nominal <7.8 Watts <7.5 Watts

- Peak <94 Watts < 9.0 Watts

17
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Table 6.3. 2 SEPICA Components And Assembhes/Subassembhes

FUN CTIONAL ELEMENT

DESIGN GOAL

. Electrostanc Deﬂectlon

~32 000 volts

.} - Qualification Voltage '
o I - Normal Operating Voltage @ ~3 uAmps 1= 30,000 volts
= Colhmator : E
| = Entrance Size (incl. closed cover) |~ 547 x 371 mm
: -—Transparency >25%

H Tsobutane (C4Hl()) Gas Components
Assemblies and Subassemblies :

- Size, Each of Two Tanks

- Capacity, Each of Two Tanks -

= Tank Qualification Pressure

- Tank Operatmg Pressure

<360mm high x 108mm dra
< 2.4 liters
3000 psig

| 45.7 psia (flight),31.0 psig (ground)

. Proporuonal Counter =
= Entrance Window Tlnckness i E

: 650 oanometers

- Photodetector Bias Voltage @ 100 uAmps

|- - = Operating Pressure (in 0.36 liter volume) 35-45 mbar

} . - Flow Rate - -10.75 cc/minute -
- Blas Supply Quahﬁcatron Voltage @ 2 400 volts
- Nommal Bias Supply Voltage 1 500 volts

- Minimum Penetration Energy - 100 kev/nucleon (for Oxygen)
- Posmon Resolutlon , 1<0.3 mm
. Ion-ImpIantea_Sohd State Detectors o R
--Thickness - : 1500 um
= Bias Voltage @ 100 uAmps {=<150volts -
- Voltage Turn-on Rate < 30 volts / second
- Nmber of Pixels < 1Mev/q 8 e
- = Number of Pixels > 1 Mev/q 8
- Noise - <10 keV
-+ Anticoincidence Detector : ,

| - Number of Scintillator/Detector Umts : 3 o

= ‘Size, Each of 3 CsI Scintillator Crystals : 1100x 60 x 10 mm
- |- Scintillator Quantum Yield -~ 1.76 femto-coulombs/MeV
I - Scintillator Noise Level <150 keV
- Number of 10 x 20 mm PIN Photodetectorsm 16
<150 volts

18
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Table 6.3.2 SEPICA Components And Assemblies/Subassemblies (continued)

DESIGN GOAL

» Low Voltage Power Supply (LVPS)
- Number of Voltages Generated
- Overall LVPS Conversion Efficiency
- LVPS Noise

Three: +/-12vdc, +5vdc
>70 %
< 50 mvolts

» Analog and Digital Electronics Consisting of

Charge Amplifiers, Comparators, ADCs,

ASIC Counters, Event Selection Logic,

plus Data and Command Interfaces:

- Total Number of CAMEX/TIMEX Chip Sets
Used

- Data Acquisition Time, Pulse Height Analysis

- Data Generated per Valid Raw Event Selected
705 bits (SEPICA Eng'r'g Mode)

Twelve (12)

600 nanoseconds
99 bits to 126 bits (Science Mode)
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A I SUPPORT OF SEPICA BY THE S3DPU

; The SEPICA mstrument wﬂl be served by a common Data Processmg Unit (DPU) together
_with the SWICS and SWIMS experiments. In the foIlowmg sections the requirements for the
o vDPU from the 51de of SEPICA are compiled. -

“The followmg tasks have to be performed by the DPU for SEPICA:
<% Control sensor status routmely, '
. Momtor houselgeepmg values | ‘
. Recelve decode and execute memory load commands |
e Perform in- fhght cahbratron cycIe of sensor on telemetry request (a cycle of different In-

- flight Calibration commands; various settmgs of the stimulation DACs for the sensor
7 elements shoulc be stored in the DPU) -

. Read out SEPICA Rate Counters every sector and accumulate the rates into DPU memory;

E Read raw pulse hei ght analysrs (PHA) events from SEPICA buffer memory and feed into
. the telemetry stream ,

S Ca.lcu] ate the aztmuthal sectormg from the S/C sun sensor and tumng mformatton and add
L the sector mformatlon to the Rate and PHA data; : ,

. Format and transfer the expenment data block into the S/C telemetry. In addition to these
- _regular formatting and control tasks the DPU.is supposed to carry out some higher
; ,functtons for SE DICA SR o ,

x accordmg to algonthms gwen below;

. Feed samples of PHA events 1nto the teIemetry buffer accordmg toa predeﬁned priority
. scheme for dlfferent partlcle specxes and energies; 7

/s 'Classﬂ’y events mto Matnx Rates usmg look-up tables
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Figure A1-1 shows the traces of various elements in a AE versus E representation. From these
traces, which have been derived by simulations and which will be refined by calibrations, the
algorithms for the DPU will be derived. The boxes in the figure indicate regimes with
different priority for the acceptance of events, if the total rates exceed the capability of the
telemetry for pulse height events.

Matrix Boxes

10000

E xH1 E @ E
b E ]
A * © =
tooa L - 4 e A Py =]

, s (N -
dm by | NN | [
2 e b i o
5 : ‘ﬂﬁ ] A:;
] pro E] DA - ;:

1 10 . oo 1000 tg000 100000 1000000 10000000
Energy left in 88D (KeV

Figure Al-1 Boxes For The Basic Rates And Priorities In A AE Vs. E Diagram

Al.1 Control Software

The S3DPU must be the interface between the SEPICA instrument and the C & DH
component of the S/C. Functionally, control of the SEPICA instrument by the S3DPU
requires that the S3DPU to do the following:

0 receive, decode and execute memory load commands for SEPICA;

o send memory information to registers in SEPICA on command;

o perform in-flight calibration cycles in SEPICA on command, which stimulate various

detector channels in SEPICA according to a predefined sequence which resides in the -
DPU memory
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A 1 ” - Data Proce ' smg Requlrements for the S3DPU =
The data from SEPICA 1nto the DPU consist of the followmg types |

: 1) : Qntam the energy loss, energy and position information from the
: ,proporn I counters and SSDs. Depending on the number of adjacent wire strips which
~will be taken into account for the position determination each event will 99 - 126 bits of

- information. For_ dxagnostlc purposes an engineering mode is required in which the

mformanon of all stnps ie. 705 bits per event are to be transmitted.

2) RM summarlze the number of individual tnggers in the 1nd1v1dua1 detector
elements and for so incidence conditions in order to monitor the detector
performance and to normahze the event rate. The detector monitor rates are compiled in
Table A1.3-4. These rates are accumulated in the SEPICA digital electronics. In addition,
separate rates for protons and all heavier particles will be generated in the sensor

s electromcs AII other detaﬂed rate mformanon is to be generated in the DPU

- ”'also'to beused toomtor critical parameters of SEPICA such as Deﬂectlon HV and
WPC HV Irregulantles in these parameters requxre immediate action by the DPU

DAE - 10 Bit . ('Pulse hexght of PC counter signal
. 2) ntxmes - ﬁ. o ' - (posmonmdeﬂec'aon direction)
~ PosYP- 10 Blt - Pulse heights of md1v1dua1 strips
PosYC it ~ Stripno.
n =3-4 for scxent fic data, n=32 for a special engmeermg format

"'3)mt1rnes . . (posmonmfan d1rectmn) :
PosZ1P 8 Blt e e

, PosZIC 4Bit

. m=2-3 for scxentxﬁc data,m 16 foraspecxal cngmeenng format

- 4)E - 10th Pulse height of SSD 51gna1
S) . - : (posmonmfan dxrectxon) |
poszz ~ 4Bit  Stipno.of mgnal '
5)5 f' | 3 Bit : ;{Sensor system code
7 Pr Pnonty code

:(3EforHandHe IZ>2Q—O 1 Z>2 rest)

Thusthe ke aw data stream from SEPICA into the S3DPU contams 2

99 . 12§,,,Blt,,,per ,_,even_t, n=34,m=23
.~ - forthe scientific modes

4: ,
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and up to
705 Bit per event n=32m-=16

for an engineering diagnostic mode

No compreséior; of these data is required in the engineering format. This format
should allow a dump of the raw data.

In the scientific modes the Live Pulse Height Events should be compressed in the
following way as
OQOutput data into Telemetry:

1) AE 10 Bit Pulse height of PC counter signal

Y 10 Bit Computed position in deflection direction
3) PosZ1 4 Bit Computed position in fan direction

HE 10 Bit Pulse height of SSD signal

5) PosZ2 4 Bit Strip no. of signal, pos. in fan dir.

6)S ; 3 Bit Sensor system code

7) Prio 3 Bit Priority code (HO/HQ Bit set by S3DPU)
to be added by the S3DPU:

8) Azi 3 Bit Direction from S/C spin clock

Sum 47 Bit per event

+ spare 1 Bit

48 Bit per event (3 Words per event)



 SEPICA Ins trument Fun
 y- El(Pos, P,

The areas of the pnonty codes will represent rectangular boxes in a AE vs, E dlagram
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_Ap endlx A -

The followmg AIgonthms will have to be apphed to the Raw Pulse Height Events
in order to transform them into Live Pulse Helght Events

1)Y o = Deﬂecnondlrectlon

*PosYC;)lZl(PosYPl)

s 2) PosZI ; 7 : . Fan dn'ecuon frorn proportronal counter

| Poszi = El(PosZIPl*PosZI C;)/Zl(PosZIPl)

b) Priority C* de

onty'code will be set usmg comparators in AE and E 1in the SEPICA sensor.

The complete vahd event range is defined by a lowest DE and E threshold in the

r SEPICA Sensor..

Thxs pnonty code will be transrmtted wrth each event to the S3DPU It will be used to
_reduce the data flow from SEPICA to the S3DPU in case one of the proton count rates

__ exceeds a rate of TBD counts/sec. Then the flow of H and He will be reduced, using

heme. In the latter case the events from the

dxfferent pnonty classes will be transrmtted accordmg to aTBS distribution.
"'TTable Al. 3-1' Prlorlty Codes For The Data Transmlssmn To The

S3DPU
irCode - v Partlcles £ R Transnﬁssion
WPI, 2,3 WProtons for3 energy ranges s R 3

Al,2,3 Helium for 3 energy ranges, , 6
,, | both3He and4He ' -

| H heavyronsZ>2 o el 23

- The nﬂmber'under trans nission gives the number of poIls for each category in case the
- rate exceeds the available bandwidth between SEPICA and S3DPU. The 3 energy
~ranges of H and He have equal welght

_ The dlstmctlon between P, A and H w111 be made in SEPICA. A further subdivision

between HO (Q = 0) and HQ (Q = 1) has to be made in the S3DPU.  The S3DPU then
uses the code for the allocation of telemetry space for the Live Pulse Height events.
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Table A1.3-2 Priority Codes For The Telemetry
Code Particles Transmission
P1, 2,3 Protons for 3 energy ranges 3
Al, 2,3 Helium for 3 energy ranges, both 6
3He and 4He
HO heavyions Z>2,Q=0 5
HQ heavyions Z>2,Q 21 18

The number under transmission gives the number of polls for each category in case the
rate exceeds the available telemetry. The 3 energy ranges of H and He have equal
weight.

Al1.3.2 Matrix Rates
a) Live Pulse Height Events

To compute Matrix Rates from the Raw Pulse Height Events first the step to the Live
Pulse Height Events has to be made.

b) Corrections for incoming direction
Then corrections for the incident direction of the ions (in fan direction) have to be
made. Both, PosZ1 from the PC and PosZ2 from the SSD, are evaluated for 4 Bits.
The mapping of the 2 position codes are to be such that

PosZ1 = PosZ2
means

Normal incidence of the ion

Thus the absolute value:
j = [PosZ1 - PosZ2|

is a unique value of the incoming angle 6. Two corrections are based on this
information:

i) correction for the path length in the PC in the DE signal:
E' = E*cosf
The corrected value AE' is to be used for further computations.

ii) correction for the deflection at oblique angles:

Y' = Y*cos26
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A' sendix A
v The corrected value Y’ is to be used for further compntzitions

To srmpltiy the task of the SSDPU a Iook-up table can be used. Up to 16 values of
: €os ] wﬂJ[ be stored for 0 <8 < 4()° For ii), a second table w1th c0s28 is stored.

: c) Matnx Rates

The eventswﬂlf'be accumulated 1nto memory accordmg to a Matrix Rate scheme. The
box the corriér pomts are deﬁned with AE and E values. -
In addmon the events wﬂl be sorted accordmg their charge state Q*

Q C‘I*Y‘*E

" whereQ* fis var quanttty denved from the measured energy E which represents the
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Table A1.3-3 Matrix Boxes

Matrix - Particles E Azri  Q No. of No. of LUT values

Code Boxes E AE  Q
Priority P1, P2, P3: (Priorities as set up by SEPICA)

MxP01..3 H(Q=0) 3 . 1 3 0 0 3
Priority Al, A2, A3:

MxAl,6 He+ 2+ 6 8 2 12 7 14 6
MxHe01..3 He(Q=0) 3 - 1 3 0o 0 3

Priority HQ:

MxCl1..3 C 3 - 2 6 4 8 3
Mx0O1..3 O,Ne 3 - 2 6 4 8 3
MxMgl..3 Mgetc 3 - 2 6 4 8 3
MxS1..3" Si, S 4 - 3 12 5 8 8
MxCal..3 Caetc.4 - 3 12 5 8 8
MxFel.3 Fe 4 - 3 12 5 8 8
MxH1..3  heavy 4 - 1 4 5 4 0
MxL1.3 <C 3 - 2 6 5 4 3
MxE1, 2 rest 2 - 1 2 1 0 0
Priority HO:

MxCNOO CNO 2 - 1 2 1 0 2
MxHev0 Z>8 2 - 1 2 0 2

86 Mx Rates + spares = 128
Including sectors for MxA to be stored
170 Mx rates + spares =256

It is planned to make all Mx Rates contiguous in AE vs. E. The rates MxL, MxH and

MXE occupy the remaining space not used by the other rates. Therefore, the outer
boundaries of these rates will not be defined. The contiguous coverage allows a cross

check with the Basic rates on the ground.
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o Count rates wdl be accumulated by SEPICA in 24 x 24 Bit ASIC counter chips. The

_counters are to be read out at the end of each azimuthal sector. The readout protocol is
. described the in the ASIC counter description. The S3DPU has to store the counter
= readmgs,m its memory and either accumulate them over the specxfied accumulation

sector md1v1dually or mtegrate over the complete spin depending on the
rate There wﬂl be o

' ,Momtor Rates whxch contam the counts of individual sensor elements
~ Basic Rates Wh]Ch contam absolute count rate mformauon for events

: The Momtor Rates are complled in Table AI 3-4
Table AI 3-4 Momtor Rates

» Rate N Sectors , ths/read ', Bit’s/write " Time
< SR aiedB w12 120
116 12120

: The Basw rates are denved from the Pnonty scheme as dtscussed abeve Each Priority
- ( Class makes at Ieast 1 Basic Rate. The Proton rates are subd1v1ded further

=l Table Al 3-5 Basnc Rates ,'

| - f{% Rate Euergy lo/hi ,,Sectors _;B'its/read ths/wnte Tlme

.5 SRR T e 17 = 60 '
- AlL3 -2 B .16 : 12 60
- HO 2 8 - 16 12 60
" HQ -2 8 - 16 - 12 . 60

lo/hx. refers to the 1ow resp h1g h resolutlon sections of SE] PICA,; ‘SEPICA has 4 low
resolution and 2 high resolution sections. There wﬂl be coml bined rates for all low and
- -all I:ngh resolutlon sectlons : :

Al 3.4 Housekeepmg and Status Informatlon

. In addmon housekee' :nng and status mforruatxon has to be read and formatted.
n is also to be. used to monitor critical parameters of SEPICA:

Deﬂection HV

. "If n (TBD ) ghtches are detected, the voltageueeds to be reduced by m (TBD) steps
: 'v,and a Flag should be sent into the telemetry =

10
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- FUNCTIONAL REQUIREMENTS ON THE
SWICS/SWIMS/SEPICA (S3)
DATA PROCESSING UNIT (DPU)
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B1 INHERITANCE:

The ACE S3DPU which provides onboard data processing capabilities for the SWICS,
SWIMS and SEPICA instruments has its heritage in the ULYSSES SWICS, GEOTAIL
EPIC, and SOHO CELIAS data processing units (DPUs).



B 2 TASKS'

- Tasks pcrforrned by the S3DPU for the SEPICA mstrument are descnbed in APPENDIX A.

For the SWICS and SWIN[S mstruments the taSkS to be Perfomed are-a8 follows

- B2. 1 Path Length Correctlon

o Path Iength correchon for the t1me—of ﬂlght accordmg to the unpact posmons (SWIMS)

"B' ClaSSIfY (E) - T,,,,events

,a two- d1mens1ona1 M versus M/Q matrix for SWICS

a one-dimensional M vector (SWIMS) and count them separately -
“with low res. in matrix space and high res. in time (Matrix Rates)
wﬂ:h hlgh res. m matnx space and low res in time (Matnx EIements)

B e

: 32;3 Prlorltlze

Clas fy '(E) vcnts acc. to a pnonty scheme and to msert pnonty events into the pulse
hexght ana1y51s (PHA) sectxon of the Expcnment Data Block (EDB)

:/z &

B24 " Control Steppmg Voltage .

Control stepping of the deﬂectlon voltage acc to _an adapnve scheme (SWICS &
SWIMS). 7

-7 'BZ 5 Control Sensor 2 S

Contrcl the sensor status and the reconfigurable DPU parts routmer or triggered by
telccormand :;:_;_ £

- B2.6 Imtlahz DPU
Imt1a11ze DPU after a Iatch-up mduced power-down penod-

- ""BZ 7 Housekeepmg

: Momtor the housekeo' 'ng' (HK) values

- fiBZ 8 Data Formattmg

Format and transfer the Expenment Data Block
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B2.9 Memory Loads

Receive, decode, and execute memory load commands.
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Figure B3-1 Block Diagram
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ary command and data mterfaces between the ACE

(C & DH) unit and the SWICS, SWIMS & SEPICA

interfaces shall be in accordance with the S3DPU SIIS
' 019). On the instrument 51de the S3DPU mterfaces shall be in accordance
= 'wnih TU'B drawm number SBDPU—ICD 001 ,
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BS5. SPACECRAFT RESOURCES

The S3DPU shall be designed to stay within the spacecraft allocated constraints listed in Table
B6-1.

Table B5-1 S3DPU Constraints

Resource v "Estimate Allocation
Mass: 4.0 kg box, 1.8 kg cables 6.7 kg*
Power: . | 3.8 nominal, 4.0 peak 4.2 nominal, 4.5 peak
Data Rate 1624 bps 1624 bps

* allocation includes cabling
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- EGSE for th 'HS W Irzconmst of severa] umts JVIe B6—1 and B6-2 hst the mtended usage
~ andGSEp '

- and ﬂlght operations are shown in F1gure B6-1.

' Table B6-1 GSE Usage l

* hardware and software di _velopment of the DPU
_ * bench tests durmg mstrument mtegratxon e

s 4 VME cardv ' ”g ",sgrstem allowmg versatlhty for changmg
e 'ds arise. Scme of the elements of the sxmulator mclude

nable word tumng(typ

cleek ata programma’ble
mmable clock.

ons. Functional elements and ccnﬁguration for bench checkout S/C tests
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* Analog data acquisition control monitors experiment analog HK signals and controls S/C
thermistors attached to the experiment hardware.

* Power supply control/monitoring provides experiment power with voltage and current
monitoring.

* Driver/receiver control implements S/C electrical interfaces through the S/C redundancy concept
to allow adequate control of all signals individually.

* Hard disk allows data buffering required by TCP/IP for storage of S/C simulator operating
system and storage of S/C simulator configuration.

* Optional floppy disk allows S/W updates, system backup, and data exchange.

* Ethernet interface, which is a standard interface for GSE systems, provides the overall
connection to the Control PC.

11
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