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ABSTRACT

The ONR-307 Energetic Particles and Ion Composition instrument payload will
measure the energetic particle and plasma enviromment of the Earth’s radiation
belts and inner plasma sheet. The payload has been successfully designed, built,
and tested for flight on the Combined Release and Radiation Effects Satellite.
The instruments were integrated with the spacecraft and tested with the
integrated system. This mission, originally scheduled for shuttle launch in
July, 1987, will now be launched on an Atlas Centaur in June, 1990, The ONR-307
payload is currently undergoing final adjustments and calibration activities
prior to re-integration with the spacecraft in Mav, 1989. Procedures have been
developed and documented for on-orbit operation of the payload and acquisition

of the data on digital tapes.
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BACKGROUND

The Combined Release and Radiation Effects Satellite (CRRES) is a joint
NASA/DOD program which was originally planned to be carried out in two phases
following a shuttle launch. The NASA phase of the mission, planned for execution
in Low Earth Orbit (LEO), consists of several chemical releases in combination
with onboard diagnostic instrumentation, measurements from other satellites, and
ground based observation. Following the NASA phase of the mission, the
spacecraft was to be boosted to Geosynchronous Transfer Orbit (GTO) to initiate
the DOD phase. Following the Challenger accident the CRRES mission was
restructured in order to allow the earliest possible launch. CRRES is now
scheduled to be launched directly into GTO on an Atlas Centaur in June, 1990.
The number of NASA chemical releases have been reduced, and the releases will

now be performed in GTO during operaticns of the DOD instruments.

The ONR-~307 payload, the Energetic Particles and lon Composition (EPIC)
experiment, consists of four instruments to be operated continuously during the
CRRES mission in support of Navy objectives. Specifically, these objectives are
to obtain the necessary plasma composition and energetic particle data over an
extended period of time and with sufficient pitch angle resolution throughout
the earth’s radiation belts such that accurate envirommental models, suitable
for engineering purposes, can be constructed. The EPIC experiment will measure

two critical components of the enviromment:

1) Energetic magnetospheric plasma, including composition, in the energy
range 0.1 to > 1000 keV. This component of the space enviromment is the
principal cause of spacecraft surface charging, degradation of sensitive
spacecraft surfaces, and ionospheric disturbances that disrupt critical
communications paths. 1In addition, some portion of this magnetospheric plasma
is ultimately transported into the inner magnetosphere and energized to become

part of the radiation belts.

2) Energetic electrons in the energy range 20 to 5000 keV and protons in
the range 0.5 to 100 MeV. These energetic trapped components of the radiation
belts penetrate deeply intc spacecraft systems where they cause degradation of

microelectronic components, charging/discharging of internal dielectrics. such
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as coaxial cables, CMOS devices etc., and ultimately limit mission lifetime.
These electrons, when precipitated out of the radiation belts into the
atmosphere/ionosphere, enhance ionization of the D and E regien ionosphere and

can disrupt communications paths from ELF to HF.

In order to assure complete measurements of these key components, the EPIC
payload uses four instruments of three different designs. The ONR-307-3
Spectrometer for Electrons and Protons measures energetic electrons and protons
using a design derived from the highly successful SC-3 instrument developed for
the Office of Naval Research for flight on SCATHA. The ONR-307-8-1,2 Low Energy
Ion Mass Spectrometers meacure ion composition at low to medium energies. These
spectrometers are also based on instruments developed for the Office of Naval
Research, first for the pioneering S3-3 mission, and later for SCATHA. The
ONR-307-8-3 Medium Energy Mass Spectrometer uses an entirely new design,
developed to extend the range of ion composition measurements well above those
covered by the ONR-307-8-1,2 type of instrument. Descriptions of each of the
instruments will be presented in the next section and in appendices to this

report.

The measurements of the EPIC instruments, when combined with data from
complementary instruments from other laboratories, will provide comprehensive,
synergistic data to address Navy and DoD objectives. The extensive data base to
be obtained in both space and time will provide the basis of greatly improved
modeling of the inner and outer radiation belts, suitable for engineering design

and analysis purposes in future DoD missions.

One of the critical results of the CRRES missior will be a determination of
the effects of the radiation enviromment on a broad range of microelectronic
components. Specifically, CRRES will directly correlate the measurement of
radiation effects on microelectronics with simultaneous in situ radiation
measurements. These correlations will be performed in parallel with the
development of imprnved radiation belt models. Accurate models of the space
radiation environment, together with an understanding of its effects on
spacecraft systems, are of primary importance to the design, optimization, and

operation of DoD space systems.
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One of the most important life-limiting elements of DoD reconnaissance,
communication and manned platforms in space is the radiation environment.
Current program requirements demand operational spacecrat lietimes of 5 to 10
years in near-earth orbit. Such long operatinal lifetimes demand that
considerable attention be given to shielding and radiation-hardened electronic
parts. Military space systems must also be designed to survive the even more

extreme radiation effects from nuclear weapon bursts in space.

Radiation shielding creates significant weight and cost impacts on many DoD
missions. Uncertainties in the amount of shielding required leads to
conservative design practices which adversely impact available payload weight
capability. Our present understanding of the earth’s radiation belts, based on
two decades of measurements, has been synthesized by the National Space Data
Center into models of the electron and proton populations that provide the
principal threat to satellites. For several reasons the accuracy of these
models in defining the enviromment that a particular satellite mission will
encounter is only good to a factor of 3, i.e. a 300 percent uncertainty. Of the
many factors responsible for this large uncertainty, the dynamics of the
radiation belts with solar activity, the limited region of space and temporal
duration covered by the measurements, and the variability in the capabilities
and accuracy of the measuring instrumentation are paramount. fo significantly
improve on the current radiation belt models, therefore, all of these
limitations must be improved upon. The unique orbit of the CRRES mission, the
comprehensive set of measurements and the long mission duration provide great

promise for substantial improvements in future radiation belt modeling.

Because of the variety of orbits used by the DoD and the complexity of the
radiations encountered it is essential that a comprehensive radiation measuring

payload include:

1) Discrimination of the various particle types and masses, i.e.

. electrons, protons, and heavy ions.

2) Measurement of the energy spectra of the various particle species since

’ this directly translates into the penetrating power through shielding.
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3) Complete pitch angle coverage with good angular resolution since this
provides the ability to map particles down the field lines from the point
of observation. Measurements of the complete pitch angle distribution

at the geomagnetic equator from 0° (along the field line) to 90°
(perpendicular to the field line) with good angular resolution completely

defines the entire particle population on that field line at all altitudes.

4) The ability to sample all of the magnetic field lines as close to the
geomagnetic equator as possible since this will define the environment of

the entire radiation belts.

5) Nearly continuous temporal coverage over a period of several years
to provide statistically meaningful fluxes over the highly dynamic
variations experienced as a result of solar and geomagnetic storms and

substoms.

The CRRES orbit and the comprehensive measurements to be made by the ONR
307 instrumentation will enable us to satisfy all of the above requirements to a

high degree.

Under the Office of Naval Research contract, NOOO14-83-C-0476, the Lockheed
Space Sciences Laboratory has designed, developed and tested the EPIC
instruments, integrated them with the CRRES, and supported system level testing
of the integrated spacecraft. Due to delays in the launch of CRRES, all
instruments have been removed from the spacecraft and returned to Lockheed. The
EPIC instruments are currently undergoing minor modifications, testing, and
calibration activities prior to their re-integration with the spacecraft,

currently expected to occur in May 1989.
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PROGRESS TO DATE

Progress to date under contract N0O0OOl4-83-C-0476 has included the design,
development, and test of the ONR-307, EPIC payload. The instruments have been
integrated with CRRES and have completed system level testing activities.
Following these tests, the instruments were removed and returned to Locxheed

during tne spacecraft storage period.

The EPIC payload consists of four instruments of three different types.
The Spectrometer for Electrons and Protons (SEP), designated ONR-307-3, measures
electrons in the energy range 20 - 5000 keV and protons in the range 0.5 - 100
MeV. The energy ranges are covered with fine, programmable energy resolution.
Very good pitch angle resolution is provided by 3 degree FWHM collimation. 1In
order to obtain nearly complete pitch angle coverage over the CRRES orbit, the
instrument uses three identical particle telescopes, mounted at carefully
optimized angles to the spacecraft spin axis. Each telescope uses a stack of
surface-barrier silicon detectors with active anticoincidence shielding. Various
logic combinations of the detector elements determine the particle types and
energy ranges that are measured. The SEP instrument is based on the highly
successful SC-3 instrument developed for ONR and flown on SCATHA. The SC-3
instrument continues to operate after more than 9 years on orbit. Figure 1
shows the SEP instrument, consisting of the sensor package with three particle
telescopes, the analyzer package, and the interconnect cable. A more detailed
description of this instrument, its capabilities, and measurement goals is given

in Reference 1 and included as Appendix A.

The Low Energy Ion Mass Spectrometers (IMS-LO), designated ONR-307-8-1 and
ONR-307-8-2, are two identical instruments which measure ion composition in the
energy range E/q = 0.1 - 32 keV/e. The two instruments are mounted at different
angles to the spacecraft spin axis in order to optimize pitch angle sampling.
The IMS-LO instruments use crossed electric and magnetic field Wien filters,
followed by 180 degree electrostatic analyzers and channeltron sensors to
determine ion energy/charge and mass/charge. Three parallel analyzers are used
within each instrument to cover different segments of the full energy range. The
instruments may be commanded to sweep through the full mass range, to

alternately lock on any four selected masses, or two alternate between the two
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' modes, In addition to the ion measurements, IMS-LO uses magnetic analyzers to 1

measure the electron background fluxes at eight encrgy steps between 50 eV and

‘ 25 keV. The IMS-LO instruments are derived from the extremely productive
instruments developed for the Office of Naval Research for flight on S$3-3 and A
‘ SCATHA. Like SC-3, the SCATHA ion mass spectrometer (SC-8) continues to operate

flawlessly at this time. Figure 2 shows one of the two IMS-LO instruments. The

three large circular openings are the entrance apertures to the ion collimators. l

i o

Four smaller cylindrical electron collimators are visible on the right.

‘ The Medium Energy Ion Mass Spectrometer (IMS-HI), designated ONR-307-8-3,
measures ion composition in the energy range EM/q2 = 20 - 8000 keV-AMU/ez. The

instrument is a novel design based on ion momentum separation in a magnetic

field. The ions are dispersed onto an array of six passively cooled silicon
solid state detectors. Energy and mass defect analysis are performed in
parallel processing electronics, allowing simultaneous measurements by each of
the detectors. The instrument can be operated in two basic modes, providing full
mass coverage every eight seconds or sampling of four selected ions every half
second. Figure 3 shows the IMS-FI instrument. The top part of the instrument
comprises the ion optics, detectors, and radiator surfaces (the square hole on
the left of the figure is the en rance aperture). The bottom portion is

processing electronics.

The measurement capabilities of the ONR-307 payload are summarized in Table 1.

TABLE 1: ONR-307 PAYLOAD SUMMARY

Instrument Measured Quantity Energy Sensor Angle to
Spacecraft Spin
Axis
o o 0
ONR-307-3 Electrons 20 - 5000 keV 40, 60, 80
SEP Protons 0.5 - 100 MeV
ONR-307-8-1,2 Ion Composition E/q = 0.1 - 32 keV 45°, 75°
IMS-LO Electrons 0.05 - 25 keVv
ONR-307-8-3 Ion Composition EM/q2 = 20 - 800 keV—AMU/e2 75°
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Some of the specific tasks performed in support of the ONR-307 payload
development are described below. Descriptions of EPIC payload conformance with
spacecraft interface aud resting requirements (e.g. thermal vacuum, vibration
and electromagnetic compatibility tests) have been provided in a series of
documents during the irstrument development phase. A summary of payload
compliance with requirements and references to the appropriate documents are
given in the Statement of Conformance for ONR-307 Payload, (LMSC/F067883), which
is attached as Appendix D.

Thorough electrical, mechanical, thermal, and environmental specifications
have been developed and provided in support of assuring a satisfactory interface
with the spacecraft and successful operation of the integrated system. These
specifications are detailed in the Interface Control Documents (ICD): CRRES 227
and 228. Revision E of these two documents were puulished in September, 1987
and January, 1988 respectively. Compliance of the payload with the ICD is
documented in the ONR-307 ICD Compliance Summary (Ref. 2; included as part of
Appendix D).

Detailed procedural and functional descriptions of the of the ONR-307
payload and its operation have been provided in support of the development of
the Orbital Operations Handbook (OOH), (Ref. 3). A revised dratt of the OOH is

in preparation and is expected to be released for review in summer, 1988.

Flight qualification testing of the ONR-307 payload was performed,
including pre-integration EMC, thermal vacuum, and random vibration tests. The
results of these tests have been documented in Test Data Packages (Refs. 4-6).
The tests were all successfully completed, with the exception of a resonance
that was discovered in the ONR-307-8-3 instrument during vibration tests. A
stiffer optics support shelf for the instrument has been designed and
manufactured to eliminate this problem and will be installed and retested prior
to re-integration of the instrument with the spacecraft. In addition to the
qualification testing described above, an extensive stress/fracture analysis was
performed to satisfy shuttle safety requirements (Ref. 7), and reports on

ONR-307 mass properties and safety/hazards were developed (Refs. 8, 9).



The ONR-307 instruments were successfully integrated into CRRES and
ompleted system level testing. During spacecraft EMC tests, a problem in the
spacecraft grounding that was provided for ONR-307 was identified and corrected.
During thermal vacuum testing of the integrated spacecraft, the ONR-307-8-1,2
instruments each executed a single uncommanded transition to High Voltage Off.
Because of problems with the Ball Aerospace spacecraft test equipment, there was
no tape record of the spacecraft data during either of these occurrences. We
were not able to recreate the anomaly in further testing, nor was it ever been
observed during thermal vacuum testing of the instruments prior to delivery.
Although it seems likely that the transitions were associated with the problems
in the spacecraft test equipment, we will be carefully reviewing our design and

performing follow-up testing of these instruments.

Detailed calibration of the ONR-307-3 detectors was performed at Goddard
Space Flight Center (electrons - 25 to 1500 keV, protons - 230 to 1500 keV) and
the Harvard cyclotron (protons - 35 to 148 MeV). Details of the calibration are
included in Appendix E. Calibration of the ONR-307-8 instruments will be

performed in house, using our recently constructed ion calibration facility.

Detailed requirements for agency tape contents and format were provided to
AFGL, which is tasked with generating the CRRES agency tapes. Several follow-up
meetings have finalized these requirements and a Data Management Plan has been

developed by AFGL that satisfies the needs of ONR-307 (Ref. 10).

The Air Force Satellite Control Facility (SCF), which will be responsible
for commanding and monitoring of CRRES, is currently undergoing a data system
modernization (DSM). Although CRRES was originally scheduled to be supported by
the old system, launch delays have assured that it will be operated under DSM.
We have had several meetings with SCF personnel to specify our display
requirements and develop detailed formats for instrument checkout and real time
operations. A set of display modes for the old system has been developed which,
although satisfactory, do not provide all of the capabilities that are desired.
Because of the transition to DSM, a new set of displays will have to be
developed. This task will be completed during ongoing contacts with SCF

personnel.




The primary advisory
the CRRES instruments has
have supported all of the
objectives will be met by
October, 1987. Following
evident that the NASA and

group to the Space Test Frogram on matters concerning
been the CRRES Experimenters Working Group (CEWG). We
CEWG meetings with the goal of assuring that ONR-307
the CRRES program. The 21st CEWG meeting was held in
the restructuring of the CRRES mission, it became

DoD participants would require a forum to resolve

issues associated with their simultaneous operations. A new working group, the

Flight Operations Working

Group (FOWG), was formed for this purpose. The first

FOWG meeting was held in May, 1988. In addition to the CEWG and FOWG meetings,

we have participated in a number of review meetings and special technical

meetings in support of the ONR-307 objectives.
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SUMMARY AND FUTURE ACTIVITIES

We have designed, manufactured. and tested the ONR-307 instrument package.
The instruments have been integrated with the CRRES spacecraft and tested with
the integrated system. Tasks remaining to bring the instruments to full flight
readiness consist of calibration activities, installation of a redesigned optics
support shelf in ONR-307-8-3, installation of flight detectors, and several
minor mechanical and electrical tasks. We expect to deliver the instruments for

re-integration in May, 1989, with a CRESS launch anticipated in June, 1990.
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9. The Spectrometer for Electrons and
Protons (ONR-307-3)

by

J B. Reagan, E.E Gaines, S J Battel,

D A Simpson, W.L. Imhof. and R R. Vondrak
Lockheed Palo Alto Research Laboratory
Palo Alto. CA 94304

1. SCIENTIFIC OBJECTIVES

Tie ONR-307-3 Spectrometer for Electrons and Protons (SEP) measures with
fine pitch-angle resolution the flux of energetic electrons in the energy range of
20-503¢ keV and the flux of energetic protons in the energy range 500 KkeV -1C0 NMeV.
The ONR-307-3 SEP consists of three identical particle telescopes composed of
surfzco-barrier silicon detectors with active anticoincidence shielding and rarrow
collimation (3° FWHM)., The energy spectra are measured with fine energy roso-
wution: 24 contiguous channels for the electrons, and 4§ contiguous channels for
protors. The three particle telescopes are mounted at optimum angles to the
CRRES spin axis to provide nearly complete pitch-angle coverage on cach syace-
craft spin.

The SEP is one component of the ONR-307 Energetic Particles and Ion Compo-

sition (EPIC) Experiment., The other EPIC instruments are the ONR-307-8-1,
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ONR-307-8-2 Low Fnergy lon Mass Spectrometers that measure primarily the ion
composition between 0.1 and 32keV/q, 1 and the ONR-307-8-3 Medium Erergy lon
Mass Spectrometer that measures the ion composition between 20 and 8000 keV -
ANU .“qz. 2

The overall objective of the ONR-307-3 experiment is to obtain necessary data
to construct predictive models, suitable for engineering purposes, of the energetic
particle and plasma environment in those regions of space of primary interest to the
DOD satellite operations. The specific science objectives of this experiment are:

(1) To measure the intensity, energy spectra, and pitch angle distribution of
energetic electrons and protons continuously as a function of time. These meas-
urements will characterize the dynamical behavior of the radiation belts.

(2} To compute accurately the total omnidirectional {lux at the satellite posi-
tion.

(3) To understand the physics of the sources, energization, transport, life-
times, and losses of energetic particles in thc Farth's radiation belts.

(4) To understand the details of wave-particle interactions (WPI), both natu-
rzl and manmade, that are a principal loss mechanism for radiation belt particles.
These WPI produce particle precipitation into the ionosphere that can disrupt
radio-wave communications of vital interest to the U.S. Navy.

(5) To utilize this experimental cata base to greatly improve the accurzcy of

the trapped radiation belt models and to characterize model particle precip:tation.

2. APPLICATION

The ONR-307-3 SEP Experiment will measure continuously the comrplete en-
ergy and angular distribution of the energetic electrons and protons. This meas-
urement of the complete distribution of the trapped energetic particle population
with fine argular resolution is x;ecessary to:

() "Remote sense’' the omnidirectional flux far away from the satellite orbit
p.ane by directly unfolding the measured in situ pitch angle distribution to derive
the pitch angle distribution at all lower altitudes. A measurement of the complete
pitch angle distribution at the CRRES satellite enables the experimenter, through

adiabatic transformation of the particle bounce motion, to define the particle popu-

1. Quinn, J.J., Shelley, E.G., Battel, S.J., Hertzberg, E., Roselle, 5., and
Saunders, T.C. (1985) The Low Energy Ion Mass Spectrometer
(ONR-307-8-1, ONR-307-8-2), AFGL-TR-85-0017 (this volume).

2. Voss, H.D., Shelley, E.G., Ghielmetti, A.G., Hertzberg, E., Battel, S.J.,
Appert, K.L., and Vondrak, R.R. (1985) The Medium Energyv lon \Mass
Spectrometer (IMS-HI) (ONR-307-8-3), AFGL-TR-85-0017 (this volume).
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lation on the field line below the satellite. Such measurements are absolutely es-
sential to the mapping of the radiation belts to all altitudes.

(b) Investigate the narrow '"source/loss cone' regions of the pitch angle dis-
tribution that are the primary sources and the major sinks of radiation belt parti-

cles. The pitch angle diffusion of particles into the atmospheric loss cone is one

of the principal mechanisms for radiation belt depleticn. Understanding the pitch
angle diffusion rates into the loss cone caused by natural and manmade waves is
central to modeling the dynamic behavior of the radiation belts.

: The ONR-307-3 instrument can accomplish these objectives because it has
comprehensive pitch angle measurements with fine angular resolution (3 FWHM).
The arrangement of the three identical telescopes, combined with the spin of the
spacecraft, will provide nearly complete measurement ol the particle distribution
function for all orientations of the spin axis to the magnetic field.

High temporal resolution measurements (0.25 sec) will enable the study of
g¢ource/loss cone transient mechanisms, substorm injections, and L.-shell splitting.
A 12-channel energy spectrum is obtained every 0.25 sec. The pitch angle distr:-
bution from 0 to 90° over 12 energy channels is obtained every 7.5 sec at a spin
rate of 2 rpm. Complete angular distribution functions over the entire energy
range for both electrons (24 energy channels) and protons (48 energy charnrnelis) can

be obtained in about 3 min.

3. MEASURING TECHNIQUES

1 Tre ONR-307-3 instrument is based heavily on the successful SC-3 spectro-
meter on the SCATHA mission and consists of a series of solid-state particie sg2:2-
{ trometers, each with four detector elements. The SC-3 instrument was descrited
in detail by Reagan et a13 and by Stevens and \'ampola.4 The configuration of each
specirometer is shown in Figure 26. Various logic combinations of the four detec-
tor elements in the spectrometer determine the particle types and energy ranges
that are measured in several command-selectable, time-multiplexed mocdes of
operation.

The D-detector, 200-um thick intrins:c S, measures both the rate of enerzv

loss of the higher energy particles, and directly stops and measures the lower en-

3. Reagan, J.B., Nightingale, R.W., Gaines, E.E., Imhof, W.L., and Stassino-
poulos, E.G. (1981) Outer zone energetic electron spectral measurements,
1 J. Spacecraft and Rockets 18:83-88.

4. Stevens, J.R., and Vampola, A.L. (1978} Description of the Space Test Pro-
gram P78-2 Spacecraft and Pavloads, Space and Nissile Systems Organiza-
tion, Alr Force Systems Command, TR-78-24.
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ergy particles. The E-detector, a stack of five 2-mm-thick detectors in parallel,
is located behind the D-detector to stop the higher encrgy particles and to measure
their total energy loss. The E “-detector, 1000 u4m thick, is located behind the

E-detector and is used as an active collimator. Behind the E “-detector is a tung-

sten absorber that sets the upper energy limit for analysis,
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Figure 26, Cross-Section View of the SCATHA SC-3 Energetic Electron/Proton
Spectrometer Showing the Various Sensor Elements and the Long Ccllimator

All of these detectors are fabricated of surface-barrier silicon and are
stacked together in a telescope configuration. The entire stack is surrounded by
tre A-anticoincidence detector, a plastic scintillator viewed by a photomultiplier
tuhe. The A-detector senses and rejects energetic particles and bremsstrahlun
that penetrate either the outer shielding walls of aluminum and tungsten or the si-
licon detector stack and absorber, The detector stack is located behind a long,
narrow collimator that defines the 3° angular field-of-view (FWHM). The instru-
ment geometric factor is approximately 3 x 10-3cm?'—ster.3

Three spectrometers are oriented at angles of 80°, 60°, and 40° to the CRRES
spin axis. These three spectrometers comprise the ONR-307-3-1 Sensor Package
(SP) shown in Figure 27. The instrument analyzer electronics are mounted near

the SP in the ONR-307-3-2 Analyzer Package (AP); both units are mounted on the
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bottom of the spacecraft. The AP and SP are separated to achieve a lower tem-

[b0]

perzture in the silicon detectors for improved low-energy electron detection,

+. FUNCTION BLOCK DIAGRAM

A function block diagram of the ONR-307-3 instrument is shown in Figure 23.
The instrument operates {rom a CMNOS memory of 788 8-bit words that are {ndiv1-
dually addressable and loadable via a 15-bit serial-digital commarnd. Twelve of

hese words (32-bit control register for each of the three sensors) complete.™

o

5. Voss, H.D., Reagan, J.B., Imhof, W.L., Murray, D.O., Simpson, D.A.,
Cauffman, D.P., and Bakke, J.C. (1982a) Low temperature characteristics
of solid state detectors for energetic N-ray, ion arnd electron spectrometcrs

[EEF Trans. Nucl. Sci. NS-_%__SMIBL

6. Voss, 1.D., Bakke, J.C., and Roselle, S.N. (1982b) A spacecraft multichan-
nel analyzer for a multidetector solid state detector array, [EEE Trans.
Nucl. Sci. NS—_Z_Z_F)_:ITB.
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define one operating MODE of the instrument. A MODE is defined by specifying
the logic conditions (coincidence/anticoincidence), gain, and energy thresholds
required between the four detector elements (D, E, E7, A) to uniquely establish
article type and enerZy range for analysis. A choice of twn amplifier gain set-

ings for the D- and E -detectors is available. The lover a  upper energy thrash-

selected for analysis by the 12-channel pulse eight analyzer (PHA) are de-
terminer to 8- and 6-bit resolution, respectively. FEither the D- or E-detector is
gelectable at any time for analysis by the PEA through the multiplexer. The en-
ergy threshold of the sensor not selected for analysis can be set to 8-bit resolution.

vpe, such

J

The operating modes can be structured to emphasize one particle t
as electrons, or all particle types; to concantrate on special events, such as solar
particle events; or to dwell on a narrow energy region of interest with any particle
type. The commandable options are extensive, but an optimum operating corfig-
uration will be loaded initially and adjusted as conditiors dictate. A hard-wired
backup MODE can pe selected if a major failure-occurs in the memory operation.
The kard-wired backup MODE measures the higher energy electrons (300-5100 xeV')
and is independent of the memory. The instrument operates in this condition auto-

s whenever the memory is being loaded or disabled.

The operating modes will be selected as required to optimize data collecticn
in the inner and outer radiation belts. Tune basic programmable mode parameters
are the energy range and energy channel widths for the electrons and for the pro-

tons. Typical modes that may be used during the CRRES mission arz showrn in

Tzile 13, Spertrometer for Elelirons and Protons Nicdes
Species Node Energy Range Chanrnel Width
Eleoirons ELECI 2C0-300 keV 2Q e’V

ELEC2 I0C-3000 ReV U0 pav
Pro 3 PROT. U, 2-3.0 Me! 33U ne
PROT2 4,5-20 MeV 1,25 MeV
PROT3 20-43 MeV 2.0 NMeV
PRCTH 45-100 MeV 4.2 MoV
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Palo Alto, CA 94304

1. SCIENTIFIC OBJECTIVES

Tre Low Energy lon Mass Specirometer (IMS-LOJ is designed to measure
piasnias that are the sources of radiation belt particles, and to provide data on the
eorigin and acceleration processes of these plasmas. To achieve these objectives,
the [MS-LO measures energy and mass spectra covering the ranges of E/q =
0.1 - 32xeV/e and M/q from <1 to >22 AMU/e with good coverage of pitch angles
thiroughout the orbit.

These data will be used to 1nvestizaie plasma interaction processes includin::
(1Y the plasma and field conrditions that produce ionospheric acceleration, precipti-
tation of energetic particles from the trapped populations, and very-low frequency
{(v1f}) wave generation and amplification; (2) the local time and invariant latitude
distributions of ionospheric ion source regions; and (3) the large-scale and small-

scale transport and energization processes for the hot plasmas.

B-1



2. APPLICATIONS

A series of spacecraft instrumented to measure plasma composition has
vielded important results from a wide variety of magnetsspheric locations., One
of these was the 53-3 satellite, launched in July 1976, that led to the discovery of
intense upflowing icnospheric ions at altitudes near IRE and the determination of
the morphology of these flows. Increase in the ionospheric component of trapped
keV ring current icns with storm activity was also established with these data.
The S3-3 results are reviewed by Sharp et al, !

Following S3-3, plasma composition measurements were made on Gerus-i,

launched in April 1877 into an eccentric equatorial orbit;2 ISEE-1, launched in
i
Qctaber 1977;3' 4 GEOS-2, launched into geosynchronous orbit in July 1£78;"

PROGNOZ-T, launched into a highly eccentric orbit with 65° inclination in Qctcber
1978;° SCATHA, launched into a near-geosynchronous orbit in January 1978;™" 6

DE-1, launched into a polar eccentric orbit with apogee of 4. SRE in August 1e31;"

1. Sharp, R.D., Ghielmetti, A.G., Johnson, R.G., and Shelley, E.G. (12833
Hot plasma composition results from the §3-3 spacecraft, in Energetic I a2
Comrosition in the Earth's Magnetosphere, R.G. Johnson, Ed., TERK.--UE,
Tokyo.

Balsiger, H., Geiss, J., and Young, D.T. (1383) The composition of thermal
and hot ions observed by the GEQS-1 and -2 spacecraft, in Energetic lcn
Composition in the Earth’s Magnetosphere, R,G. Johnson, Ed,, TERRAPUBE,
Tokyo.

3, Sharp, R.D., Johnson, R.G., Lennartsson, W., Peterson, W.K., and Shei-
lev, E.G. (1983u) Hot plasma composition results from the ISEE-1 space-
craft, in Energetic Iocn Compesition in the Earth's Magnetosshere, R.G.
Jonnson, Ed., TERRAPUB, Tokyo.

Horowitz, J. L., Chappell, C,R., Reascner, D.L., Craven, P.D., Green,
J.L., and Baugher, C,.R. (1983) Observations of low-energy plasma compo-
sition from the ISEE-1 and SCATHA satellites, in Energetic Ion Composition
in the Earth's Magnetosphere, R.G. Johnson, Ed., TERRAPUR, Tokvo.

5. Lundin, R., Hultqvist, B., Pissarenko, N., and Zachorov, A, (1983) Compo-
sition of hot magnetospheric plasma as observed with the PROGNOZ -7 satel-
lite, in Energetic Ion Composition in the Earth's Magnetosphere, R,G.
Johnson, Ed., TERRAPUB, Tokyo.

5, Johnson, R.G., Strangeway, R.J., Shelley, E.G., Quinn, J. M., and Kave,
S. M. (1983) Hot plasma composition results from the SCATHA spacecraft,
in Energetic Jon Composition in the Earth's Magnetosphere, R.G. Johnson,
Ed., TERRAPUB, Tokyo.

7. Shelley, E.G., Balsiger, H., Eberhardt, P., Geiss, J., Ghielmetti, A.,
Johnson, R.G., Peterson, W,K., Sharp, R.D., Whalen, B,A., and Young,
D.T. (1983) Initial hot plasma comrposition results from the Dynamics Ex-
plorer, in Enerpgetic Ion Composition in the Earth's Magnetosphere, R.G.
Johnsen, Ed., TERRADPUB, Tokyo.
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and AMPTE/CCE, launched into an eccentric low latitude (~ 5°) orbit with apogee
of 8.8 Ry in August 1984, 8

The contributions of these instruments are too numerous to list here; how-
ever, the plasma composition of a large number of magnetcspheric regions has
now been examined, The data show intricate dependences on local time, radial
distance, pitch angle, energy, magnetic storm and substorm activity, and solar
cycle., Sufficient information about the plasma morphology and dynamics have
been obtained to make an excellent starting point for the modeling goals of CRRES.

Determining the behavior of differert ion species in the energy range covered
vy the IMS-LO inotrunent~ ic critical to the develonmenrt of detailed ring current
models. A thorough understanding of ring current dynamics will require detailed
knowledge of the particle source contributions, transport phenomena, energization
processes, and, finally, scattering and loss mechanisms, Although initial at-
tempts to model ring current dynamics cannot await such a comprehensive under-
standing, the basic components of source, transport, and loss must be repre-
sented as accurately as possible. Ion composition data are essential for deter-
mining total ion energy density (ring current) and they provide a necessary link in

modeling the life of ring current ions.

3. MEASURING TECHNIQUES

The [MS-LO-1 and INMS-LO-2 instruments rely upon the same design that was
successfully implemented with previous Lockheed instruments on SCATHA
(launched January 1979) and $3-3 (launched July 1876). Each version of the in-
strument has had improved range of coverage, resolution and operating flexiziiity,

INIS-LO-1 and INMS-1.0-2 are identical instruments mounted at 453° and 73° to
he spacecraft spin axis tc maximize coverage of fluxes near the magne*ic field
line direction. Each instrument periorms lon composi.noa measurements in the
energy vor charge range 0.1-32ke\V' /e and the mass per charge range <1 tc >32
AMTI/e. The energy range is broken inte three contiguous parts, each consisting
of 15 energy steps, a coverage of 45 energy steps in all. The three porticns of
the energy coverage are sampled in parallel b+ three separate analyzer ari son-
sor heads, After each 15-step sequence, the tackground counting rate is meas-
ured fur each sensor head. The mass range ({1 to >32AMU/e) is covered by
32 steps., Alternatively, the spectrometer can be commanded to sample the high

mass range above 16 AMU/e. In addition to icn measurements, each of the two

8. Shelley, E.G., Ghielmetti, A., Hertzberg, E., Battel, S.J., Altwegg-Von
Burg, K., and Raisiger, H. (1984) AMPTE/CCE hot plasma composition
experiment (HPCE), submitted to IEEE Trans., Remote Sensing.
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instruments monitors the background electron flux at four fixed energies. The

electron channels are described in Section 3. 1.

3.0 Ton Opties

Each of the IMS-LO instruments consists of three parallel analyzer units (or
heads) which measure ions in a different portion of the E/q range from 0. 1-
32keV/e. One of the analyzer heads is illustrated in Figure 45. Collimated ions
enter a crossed electric and magnetic field velocity filter (Wein Filter), pass
through an angle-focusing, hemispherical sector, electrostatic analyzer, and are
detected by a chaunel eloctiren multirlier., Detaile of the optics svstem follaw,

lons enter the instrument through a collimator with an acceptance cone of ap-
proximately 5° full width, Following collimation, the ions enter the crossed elec-
tric and magnetic field velocity filter, which, in conjunction with the electrostatic
energy analysis, acts as the mass analyzer (MA), The MA consists of a fixed
magrnetic field and a crossed electric field that is varied according to the value of
E/q and M/q being sampled. The fields are oriented so that the electric and mag-
netic forces on an ion are in opposition, and the electric field is chosen so that
there is no net force on an ion of the desired mass and energy, allowing it to pass
through the MA in a straight trajectory. The MA magnetic field values in the
three heads are nominally fixed at 445, 1211, and 3304G. The electric field
plates of the MA are driven symmetrically and the voltages for a given mass se-
lection scale as the square roct of the ion energy as determined by the voltage

applied to the electrostatic analyzer (EA) discussed later in this section. The

vzlue of M/g and the maximum value of E/q sampled within each head, are ncmi-
nally =35, % 253, and £1850 V for the normal mass range and a factor of four lower
for the heavy lon mode. The three heads are driven by a common high voltage
power supply and voltage divider network that provides the different ranges re-
guired,

Following the velocity filter, ions are bent 180° in a spherical sector EA that
15 angle focusing and energy dispersive. As with the MA, the EA plates in the
three heads are driven by a common power supply and voltage divider network.

is

w

The ratio between consecutive values of the logarithmically spaced energy step
approximately 1.14, and there are 15 energy steps within each head., Thus, the
values of E/q simultaneously sampled by the three heads are spaced by a factcr of
approximately seven, with the first head covering from 0.1-0.6keV /e, the second
from 0.7-4.5keV/e, and the third from 5-32keV/e. The EA plate separation in
the high energy head is reduced from that of the other two heads to achieve the de-
sired energy range without excessively high voltages. After exiting the EA, icns

are post-accelerated and enter the channel electron multiplier.
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COUNTS PER CHANNEL

Figure 46 shows peak shapes obtained from the Lockheed mass spectrometer
on 53-3. The open circles with error bars are on-orbit data; the dashed line re-
presents inferred peak shapes. Separation of the species is quite good.

The coordinated stepping of the EA and MA is done under digital control in a
number of modes as described in Section 3.2. Each sample of a particular mass-
energy value requires 64 ms. A 12-ms deadtime at the beginning of each sampling
peried ensures complete settling of the analyzer power supplies.

Each of the three heads measures background counts in "Energy Step 0, " an
additional step to the 13 energy steps described above, The background measure-
ment is performed by disabling the MA power supply and setting the EA power
supply te step 4. A5 the MA power supply decays toward zero, the analyzers pass
continually higher masses. Foiicwing the 12-ms deadtime, the background chan-

nel is sampling M/q values well above the ambient ion mass peaks and measures

WEIN FILTER MASS RESOLUTION AT E/Q = 650 V
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Figure 46. M\lass Peak Shapes for the Wein Filter Spectrometer




U

the instrument background response only. The instrument geometric factors are
approximately 4 x 10-4cm2-ster for the two low energy heads and about one-half

this value for the high energy head. AE/E is apprcximately 10 percen:.

3.2 Operating Modes

The two basic submodes of operation are SWEEP and LOCK. In LOCK mode,
the instrument locks onto a particular M/g value while stepping in energy. Each
of the 15 energy values and background are sampled for 64 ms in each of the three
heads, giving a 45-point energy spectrum for a particular species in 1.024 sec-
onds (approximately 12° of spacecraft rotation). The LOCK submode obtains 32
consecutive energy spectra at a fixed mass value (approximately one spacecraft
rotation) before moving into the next submode.

In SWEEP submode, the instrument sequentially ''sweeps'' through the 32-step
mass range at each of the 15 energy steps and background. A mass sweep at one
energy step requires 2.q@se.<’:<‘>nds. The entiré 32.768-~second SWEEP submode
obtains a complete sampling of the 32 by 48 mass-energy array (32 by 16 in each
of the three heads). As in the LOCK submode, 3 of the 48 energy points are actu-
allv background measurements (1 in each head).

The duration of each of the submodes is 32. 768 seconds, approximately one
spacecraft spin. The submodes may be combined to form the three basic modes
of operation: LOCK-ONLY, SWEEP-ONLY, and SWEEP-LOCK. As the names
imply, LOCK-ONLY consists only of LOCK submodes, SWEEP-ONLY of SWEEP
stubmodes, and SWEEP-LOCK alternates between SWEEP and LOCK, In either
the LOCK-ONLY or SWEEP-LOCK modes, the mass channels used for the LCCH
sutmode are sequentially executed from fcur values commanded into the instru-

men: memcery., These values may select any 4 of the 32 \/q steps correszpendin

(@}

to anyv four ion species, for instance, H-, He~, He--, O~, or H~, O-, K-, O-: or
O-, O-, O+ 0O+ IMS-LO-1 and INMS-LO-2 are commanded independently so tha:

the two instruments can ogerate in different modes simultaneously,

In addition to the normal range of mass coverage, the instrument can te com-

manded into a Heavy lon Mode. In this mode, the MA voltages are reducad by a

factor of 4, scaling the M/qg coverage upward by a {actor of 16.

3.3 Electron Detectors

Each of the IMS-LO instruments contains a set of four broadband, fixed-energy
electron detectors that monitor electron fluxes between 50eV and 25keV. The
AL/E for each detector is 50 percent and the central energies of the four electron

channels on IMS-1.O-1 and IMS-1.O-2 are interleaved, providing a total of eight
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channels with central energies from 0.067 to 20keV. The electron detectors
accumulate for 512 ms, providing samples approximately every 6° of spacecraft
spin.

Figure 47 schematically illustrates the electron optics for one of the eight
detectors., Entering electrons are collimated to a 5° acceptance cone and pass

through an aperture that sets the geometric factor. The electrons are then bent
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REPELLER~JH— ||| —F \{
Fﬁ_‘ L _ |\2}) -MOMENTUM APERATURE
ry! . %\l

+10 VOLT 'R
10

\

‘A\ v 7| —-=—YOKE

\\ i N\‘\MAGNET
U
N TN

1
H J| \<aNTISCATTER sToPs

A

3 }
: $—=—ULTRAVIOLET LIGHT DUMP

ViR araul

MAGNETIC ELECTRON SPECTROMETER

Figure 47. Schematic Illustration of the Electron Detector for the Low Encrgy
lon Mass Spectrometer (IMS-LO)




180° in a magnetic analyzer and pass through an exit aperture that sets AE/E be-

fore entering the channeltron sensor.

4. FUNCTION BLOCK DIAGRAM

The block diagram shown in Figure 48 illustrates the flow of data through the
instrument. Counts from the preamp/discriminators increment 15-bit accumula-
tors. Data from the accumulators are read into buffers every 64 ms for ions and
every 512 ms for electrons. These data are then log compressed into 8 bits and
are sequentially fed into the data stream.

The discriminator threshold for each sensor is set by command to one of four
values. A special calibration cycle may be commanded that sequentially steps
through the four thresholds while remaining locked on a selected mass step. In
addition, the calibration command may optionally enable a pulser that checks each
preamp/discriminator and accumulztor by injecti'ng pulses at a fixed rate.

The channel electron multiplier bias is command selectable to one of four va-
lues to compensate for possible channel multiplier gain degradation. The gain of
each channel electron multiplier is periodically determined via the calibration

cyvcle described above.
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R.D Voss, E.G. Shelley, A.G. Ghielmetti, E. Hertzberg,
S.J. Battel, K.L. Appert, and R.R. Vondrak

Lockheed Palo Alto Research Laboratory

Palo Alto, CA 94304

1. SCIENTIFIC OBJECTIVES

nece

abov

ONR

mipiing. The ion energy ra

The primary objective of the ONR-307 instrument complement is to obtain the

ssary data to construct models of the energetic pzrticle and plasma enviren-

t 07 the Earth's radiation belts. The Medium Enerzy lon Mass Spectrometer

S-HT) measures both the energetic ion composition enersy specira and pitch

ibutions, and the energetic neutral particle energy specira and putch

1o distributions, with good mass, temporal, spatial, and energy resolution,

v

[M3-HI s located at an angle of to the spin axis to maximize pitch angle
ge is approximately 20 to 8000 kel -A .\IC/qg.

The INMS-HI extends the energy range of ion compasition measurements wall
¢ that of the traditional INMS-LO instruments, which are also part of the

-307 Experiment. The principle of the INMS-HI is based on ion momentum son-

aration in a magnetic field followed by energy and mass defect analysis using an

areas

v of cooled silicon solid state sensors. The technijue of cooling solid state



————

detectors for high resolution (< 2keV FWHM) energetic ion measurements in
spacecraft instruments was reviewed by Voss et al1 and was successfully demon-
strated in the Stimulated Emission of Energetic Particles (SEEP) experiment on
the S81-1 satellite, 2 The IMS-HI features a parallel architecture wi*h simultane-

ous mass and energy analysis at relatively high sensitivity.

2. APPLICATIONS

One of the key unknowns of the radiation belt models is the medium energy
(30 < E < 600 xeV) ion composition of the Earth's ring current. 3 The reascn is
that the major part of the ring current plasma falls in the gap between measure-
ments of ion composition by traditional electrostatic and magnetic deflection svs-
tems (E < ~30- 7} and measurements by differential energy loss and total energy
deposition in sol.u state detector instruments (E > ~600keV). The INMS-HI incor-
porates elements of these two traditional techniques to measure directly this im-
portant energy/mass range that is not accessitle by application of either tradi-
tiornal technique independently.

A knowledge of the ring current ion composition is important from a gecphy -
sical standpoint and for obtaining an accurate radiation belt model to correctly
predict electronic component and material irradiation effects. It is known, for
example, that the irradiation effects on materials such as thermal control sur-
faces on long-lived satellites is strongly dependent on the mass of the impinging
ions, This is particularly important at geos,uchronous altitu

4 oo . 2 . : .
Lvons and Evans, ~ Spjeldvik and Fritz,” and Tinsley™ have demons:rated 'he

., Reagan, J.B., Imhof, W.L., Murrav, D,O., Simpson, D.A.,
D.P., and Bakke, J.C. (1882) Low temperature characteristics

\ebilia, J., Helliwell, R.A,, Inan, U.S., Katsufrakis, J., and Joiner,
R.G. (1983) The modulated precipitation of radiaticn belt electrons by con-
trelled signals from VLF trans.mitters, Geophvs, Res, Lett, 10:8, 6153,

3, Williams, D.J, (1979) Ring current composition and sources, in Dvnamics of
the Magnetosphere, S.I. Akasofu, Ed., D. Reidel, Dordrecht, Hollard,
pp. 407-424.

4. lLyons, I..R., and Evans, D.5. (1876) The inconsistency between proton charge
exchange and the observed ring current decay, J. Geophvs, Res, 81:6197,

5. Spreldvik, W.N., and Fritz, T.A. (1278) Energetic ionized helium in the quict
rime radiation belts: Theory and comparison with observations, J. Geophvs,
Rrs, 83:6534,

6. Tinsley, B.A, (1878) Effects of charge exchange invelving H and H™ in the up-
per atmosphere, Planct. Space Sci. 26:847.
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importance of including ions and neutrals other than protons to explain the decay
rates observed in the ring current recovery phase. The ions of the ring current,
by charge exchange with thermal hydrogen atoms, become neutrals and can thus
escape from the Earth's environment. This is a significant loss process of the
ring current medium energy ions. ° A relatively small percentage of these ions
are directed toward the Earth, where they ionize the low latitude atmosphere.
These can be used as tracers of the ring current composition.

Low altitude satellite measurements of energetic ions associated with the ring
current have been reported by I\Ioritz7 and Mizera and Blake;8 helium emissions
have been measured by Meier and Weller. 9 Rocket measurements of helium and
hydrogen at the equator during the ring current recovery phase were reported by

10 Measuring the ring current energetic neutrals over the regions

Voss and Smith,
of space covered by the CRRES orbit will provide additional information on the

ring current decay rates, spatial geometry, and temporal changes weighted by the
appropriate cross sections and neutral hydrogen density. Both the direct medivm
energy ion composition and the indirect neutral atom tracers can be analyzed with

the IMS-HI Spectrometer.

3. MEASURING TECHNIQUES

The IMS-HI is based on icn momentum separation in a magnetic field follcwed
by energy and mass defect analvsis using an array of cooled silicon solid state
sensors as shown in Figure 49. The entrance collimator defines the ion team an-
gular rescluticn using a series of rectangular baffles and includes a breem magne:
to reject elecirons with energy less than 1\MeV,

At the ccllimator exit, an annular solid state detector with a central hole
he integral ion and neutral energy spectrum of the beam supplied to the
muagnet for momentum analysis. A 7-kG magnetic field then disperses the colli-
atod jons onto a set of six passively cooled (-30°C) silicon surface barrier de-

tecters. The energy range, which varies with ion species, is approximatelv

7. Meortiz, 1. (1972) Energetic grotons at low equateriai altitudes: A newlv dis-
covered radiation telt phenomencn and its explanation, J. Geophvs. Res.
33:701.

8. Mizera, P.F,, and Blake, J.B, (1973) Observations of ring curren: protons
at low altitudes, J. Geophvs., Res. 28:1038.

0. Aleier, R.R., and Weller, C.S. (1975) Observations of equatorial EUV band
Lvidence for low-altitude precipitation of ring current helium, J. Geophvs
Res, 80:2813,

10. Voss, I, D,, and Smith, L.G. (1980) Rocket observations of energe*ic jons in
the nighttime equatorial precipitation zone, Space Res. 20:149,
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sesign and parallel processing electreonics, the dynamic rang
s aporoximately six orders of magnitude.

A simulation of the {on separation in a 7-xG magnetic fleld is sh

I’

!
iticn-energy diagram of Figure 50. The image plane, S

.engthy, beginning at the cellimateor, for a radiu

1 - T are located at angle, 6, of 30>, 65, %0°, 113°, 1407, , re-
spectively., Solid state detectors 1 -6 are n-tvpe silicon having either 20 ¢r 40

-2
zrams cm T of gold surface deposit, The neutral and annular

»-type silicon to improve light rejection and radiation damage zensitivity,

nass defect in solid state detectors results from energy loss
ciear collisions within the solid that reduce the efficiency of elecironic sigral gon-

eration. The mass defect increases with atomic weight of the nuclei in a well un-
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derstocd way, and causes further mass sepdration, with commensurate energy

, for the heavier nuclei,

The magnet section consists ¢f a yoke, pole pieces, and a rare earth perma-
nent magnet, To produce a homoegeneous magnetic field of about 7000G in the
d-mim gap and minimize weight, the best commercially available magnetic mate-
rial ($mCod with 25 MGQe energy product) is used. The voke completely sur-

rounds the magnetic field, permitiing one to reduce the magnetic resistivity in the

eturn flux section and to minimize the magnetic stray fields. Shape and dimen-

o}

lons are optimized to save weight and to assure a uniform magnetic inducticn anv-

"

where within the yoke, The resultant complex shape necessitates the use ¢! nu-
merical machining metheds to mee! the weight requirement and design goal of

< ~100nT magnetic stray field at a distance of 1 meter, A voke material (Hyper-
co 30) that possesses relatively high permeability (2000-4000) at high inducticn
levels (20KG) was chosen, The design weight of the 7-kG flight magnet assemily

is abeout 5.7 kilograms.

1. Feorcinal, G., Siffert, P., and Coche, A. (1968) Pulse height defects due to
nuclear collisions measured with thin window silicon surface barrier detcc-

tor, JELL Trans, Nucl, Sci, (NS-15):475,
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4. FUNCTION BLOCK DIAGRAM

A function block diagram of the IMS-HI is shown in Figure 51. Variable pulse
height signals from the ion senscrs are each routed for analysis to a peak detector
circuit and analog multiplexer. Each peak detector circuit is allowed to track and
hold the highest peak value for input pulses below the programmable threshold, \'T.
and to hold and stop sampling for input pulses above VT' The sample interval for
each detector is 45 usec, The read and reset of each peak detector circuit is con-
trolled by the master clock strobes so that a continuous and sequential scan is
made of each detector.

Simultaneous with the reset command, the 256-channel analog-to-digital cen-
verter is activated, and the resulting digital pulse height (8 bits) is placed on the
address bus of the c«nergy look-up table. Also placed on the address bus of the
RANM are the 3 bits that specify which detector is being processed. The content of
this memory cell (16 bits) is read into the accumulator, incremented by one, and
then read back into the memory cell. An address counter is then used to sequen-
tially step through the entire RAM for telemwtry readout. A data compressor
packs the 16-bit sum into an 8-b:t byte for serial interface with the satellite
telemetry.

The two basic medes of instrument operaticn are Mass Lock and Maszs Sean.

In the Mass Scan mode, each of the seven solid state sensors is pulse heoight anat-

vzed nto 2358 levels of which 64 intervals are accumulated in memory and

This mode 1s uged to scan all mass peaks within the

the sensor relative to the background centinuum. In the NMass Locx maode, vuch of

the seven sobid State sensgors s pulse height anzlyeed into 256 levels, of wiien Iour

itervals (typically, four lons) are accumulated in memory and read out every half

o

scecond. This mode 15 used for making rapid sgectral snapsho!s of fcur 1ons as a
function of piten angle. Baseline operation of the instrument will be a toz

(32,768 seo) betweon the Mass lLock mode and the NMass Scan mode.
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15 JULY 1986

STATEMENT OF CONFORMANCE
FOR ONR-307 PAYLOAD

Contract: N0OOO14-33-C-0476

BASD/CRRES ICD: CRRES-227
- CRRES-228

This certifies that the following listed contract end items have been
fabricated, inspected, calibrated, tested and documented, as indicated herein,
in accordance with applicable contractual documents. Results of prescribed
tests and inspections indicate conformance to all contract requirements,
except as otherwise indicated.

DELIVERABLES
Item 1 - ONR-307 Flight Hardware:

a. ONR-307-3-1 SEP Sensor Package

b. ONR-307-3-2 SEP Analyzer Package

c. NR-307-8-1 IMS-LOl

d. ONR-307-8-2 IMS-L02

e. ONR-307-8-3 IMS-HI

f. SEP-IH Interconnect Harness (PN11860-101;SN-01)

g. 3 ea. Arc Suppression Assezbly (PN12785-1Q1;SN-02,03,04)

Item 2 - Acceptance Data Package consisting of the following items:

a. ICD Compliance Summary (LMSC/F0678684).

b. Acceptance Test Plan (Redlined) (LMSC/F067866).

c¢. Electromagnetic Compatibility Test Data Package (LMSC/F067882).
d. Thermal-Vacuum Test Data Package (LMSC/F067877).

e. Random Vibration Test Data Package (LMSC/F067878).

f. Mass Properties Data Package (LMSC/F067879).

g. Stress/Fracture Analysis (LMSC/F018849).

h. Safety/Hazard Analvsis (LMSC/F067881).

i. Flight Configuration Power Estimates

j. Redlined Mechanical Drawings Showing "As-Built' Configuration

Instrument Packauge Drawing Number/Rev
ONR-307-3-1 11503/F
ONR-307-3-2 ) 11404/C
ONR-307~-8-1 11405/F
ONR-307-~-8-2 11405/F
ONR-307~8-3 11759/F




LHSC/ FCb7 883

, k. Mechanical Configuration Drawings Idenifying Part Number and Locations
| of Redtag and Greentag items
Instrument lackage Drawing Number/Rev

ONR-307-3-1 11780/A

ONR-307-3~2 11768/A

ONR-307-8~1 11778/A

ONR-307-8-2 11778/4A

ONR-307-8-3 11760/D

A compliance summary, which identifies waivers and deviations is attached
as Appendix-A of this document,

The following requested data are not included as part of this A:ceptance
Data Package for the reasons specified:

i a. Acoustic - Testing to be performed at spacecraft level only.

b. Functional/Calibration - Data other than those required for formal
acceptance test testing are contained in logbooks which are
proprietary to LMSC. All test data are available to government
representatives for on-site inspection. Monitor calibration dara is

] in preparation and will be submitted at the time of instrument

delivery.

‘ ¢. Shock - Testing to be performed at the spacecraft level only.

d. Magnetic Field Report - Testing to be performed by BASD.

e. Radioactive Scan Report - Flight detectors for the ONR-307-3-1

[ package which contain radiocactive sources, are not installed for
initial delivery. Therefore, a radiocactive scan was not perforumed.
ﬁ f. Special Handling Requirements Update - No special handling

J requirements are required besides those specified in the ICD or

previously provided.

g. GSE Documentation - No GSE equipment will be interfaced to the
‘ ONR-307 Payload when it is on the CRRES Satellite.

Certified By: 4 ;//:/Yl

S. J. Battel
ONR-307 Program Manager
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LMSC/FU678BES

COMPLIANCE SUMMARY

The following general requirement areas have beca reviewed aud are certified

as being compliant unless otherwise noted. Any noted non-compliances, along
with eirher the reason(s) for non-compliance or the corrective action(s) that
were/will be taken, are described on the following pages. For a detailed
review of ICD compliance see the ONR-307 ICD Compliance Sunnmary

(LMSC/F0678684) which has been provided as part of the Acceprtance Data Package.

REQUIREMENT COMPLIANT (VYes/No)
l. Safety and reliability Y

2. Physical interfaces

a. Mechanical N (Note 1)
b. Electrical N (XNote 2)
¢. Mechanical GSE Y
d. Electrical GSE Y
3. Environmental interfaces
a. Structural Y
b. Thermal Y (Note 3)
¢c. Mass properties Y
d. Magnetic fields Y (Note 4)
e. Tenmperature N (Note 5)
. Humidity Y
g. Cleanliness Y
h. Dynamic (shock/vibration/acoustic) N (Note 6)
4. Functional interfaces
a. Power Y (Note 7)
b. EMC Y (Note B}
¢. Commanding Y
d. Telemetry ’ Y
e. TIsolation N (Note 9)

D-3




LMSC/FO67883

NOTES ON COMPLIANCE

Supplied "As-Built” mechanical configuration drawings accurately represent
existing instrument design. The existing configuration differs slightly
from ICD drawings. BASD is aware of these variances and has prepared a
PIRN which documents then.

A test non-conformance (See NCR-]l included in ONR-307 Random Vibration
Test Report-LMSC/F(067878) has been identified for the ONR-307-8-3
instrument which will require a design modification. The plan for this
modification has been documented in a letter to STP (S. Battel to Maj.
Trever, 3 July 1986) which is included herein as Appendix-B.

Some minor variances to the electrical interface exist with BASD
cognizance. These items are identified and discussed in the ONR-307 ICD
Compliance Summary -LMSC/F067868. BASD has prepared a PIRN for all items.

A final thermal model update for the ONR-307-8~3 instrument is in process.
This update is being performed with BASD cognizaunce and will be provided
before instrument delivery.

Magnetic field measurements will be performed by BASD. It is estimated
that the ONR-307-3 and ONR-307-8~3 will have a residual magnetic field of
< 100¥ and 100Y to 180Y respectively. These estimates have been
previously reported to STP.

The ONR-307-8-3 instrument sensor assembly has a cold survival and
acceptable temperature limit of ~90°C and -70%¢ respectively. Due to
laboratory equipment limiLaC%ons, it has not b%en possible to cycle the
sensor temperature below -80 C. Therefore -80 C should be considered the
new cold survival temperature limit. To exceed this lower temperature
limit will change the sensor magnetic field strength and resulr in a
change in instrument calibration,

As discussed in Note ], a test non-conformance occurred on the ONR-307-8-
instrument which will require a design modification before random
vibration qualification can be completed. Shock and acoustic testing is
to be performed at the spacecraft level oaly.

The ONR-307 instruments use substantially less power than their present
allocation. This is the result of a commitment made by the ONR-1307
program to reduce power and, in doing so, eliminate the need for duty
cycling during extended shadow periods on~orbit. The expected flight
power numbers are provided in the acceptance data package and have been
provided to BASD as a PIRN.

D~4



The ONR-307-3 instrument is composed of two packages one of which, the
ONR-307-3-1, is isolated from the Spacecraft in the flight configuration.
During electrostatic discharge (ESD) testing in this configuration it was
noted direct discharges to the ONR-307-3-1 package of potential greater
than a few kilovolts (kv) induced instrument upsets. These upsets did not
prove harmful but would require the execution of ground commands before
useful data taking could resume if such upsets occurred on-orbit.

At voltages above 8 kv a latchup condition was noted on 1 of approximately

- 20 occasions of when an arc was drawn to the instrument enclosure. This

latchup condition could not be reproduced on further testing and,
therefore, could not be investigated in detail. It did not, however,
appear to not be serious in that the power rise was not great and the
instrument returned to a normal operating condition following a power
ON/OFF cycle.

Following these observations, a telephone.discussion was held with H. Koon
concerning ESD test thresholds and instrument safety. He indicated that
he had recommended only a radiated ESD test be performed on CRRES
instruments and felt that a direct discharge was a useful sensitivity test
but probably not necessary. Therefore, 1t was agreed that the test
requirements would be modified such that instead of a 10 kv discharge,

a discharge of increasingly high level (up to a waximum of 10 kv) would be
applied to measure instrument ESD sensitivity. The maximum direct voltage
applied would be limited to that which resulted in "safe" upsets and would
not damage the instrument. The radiated ESD setting would remain 10 kv
for all tests. The remaining instruments, when tested, proved not
susceptible to either radiated or direct ESD.

Measurements between instrument chassis, signal return and power return
consistantly show capacitance readings of approximately 0.13uf for each
case. This value exceeds the Q.luf value specified in the ICD. A waiver
is requested to allow this slightly large value. The alternative would be
to disassemble the instruments and replace the present .luf capacitors
with lower values.
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ONR 307-3 CALIBRATIONS

The SEP sensor heads of the ONR 307-3 experiment were calibrated using
electron and proton beams from accelerators at Goddard Space Flight Center and

Harvard University in the time period from 7 April to 19 April, 1986.

Two accelerators were used at GSFC, a low energy electron machine with
maximum energy of 150 keV and a Van de Graaf accelerator with maximum energies
for electrons and protons of 1.5 MeV. For all of these runs, the sensors were

; . o

in vacuum. All runs were at nominal room temperatures between about 18°C and
o

257¢C.

High energy proton calibrations were done at the Harvard Cyclotron
Laboratory. The cyclotron beam energy of 159 MeV 1is reduced hy the use of
absorbers yielding a beam energy spread of less than 5 MeV at energies greater
than about 90 MeV. Below 90 MeV, this energy spread increases to about 15 MeV

at 35 MeV. The sensors were in air for these runs.

The sensor heads include the flight detectors, preamplifiers and shaping
amplifiers. The gains of these systems were measured with a Canberra Model 40
multichannel pulse height analyzer controlled by a microcomputer and other GSE

as shown in Figure 1.

The initial runs at GSFC were energy calibrations with low energy
electrons. FEach sensor was exposed to nominal energies of 25, 30, 40, 60, 100

and 150 keV.

The beam rate from the low energy electron accelerator was kept between
1000 counts/s and 6000 counts/s, the variability being due to retuning the beam
with a change in energy. For any given run, the beam rate was stable to about

25 percent. The results of these runs are shown in Figure 2.

The sensors were then individually installed in the Van de Graaf vacuum
chamber. Head #1 was run first and was initially exposed to 147 keV electrons
at a series of angular steps 0.2 to 0.3 degrees apart in order to determine the

beam-collimator alignment and at the same time to measure the angular response



of the collimator. Figure 3. shows the angular definition of the Head *1
collimator to a collimated beam of low energy electrons. Then, at the center
angle, electron energy calibrations were taken at 192, 248 and 295 keV in the
DE/DX detector. High energy electron runs were made at 292, ~ ., 384, 474, 970,
and 1464 keV in the E detector. The electron beam flux from the Van de Graaf
varied from 1200 counts/s to 2500 counts/s run to run. Head #2 was installed
next and exposed to 150, 198, 248 and 297 keV electrons for the DE/DX
calibration, and 296, 345, 394, 493, 1005 and 1487 keV electrons for the F
detector. Head #3 was then calibrated with 150, 200, 248 and 300 keV electrons
for the DE/DX detector and 299, 346, 395, 498, 1006 and 1490 keV electrons for

the E detector. The Van de Graaf was then configured to accelerate protons and
Head #3 was exposed to 494, 700, 1012, 1231 and 1500 keV protons. Head #2 was
reinstalled and calibrated with 500, 698, 1008, 1204 and 1498 keV protons.
Finally, Head #1 was calibrated with protons of 501, 700, 1004, 1210 and 1507
keV, completing the low energy particle runs at GSFC. The results of these

/.

calibrations are shown in Figures 4 and 5.

At the Harvard Cyclotron Laboratory, a precalibration run was made using a
Nal scintillator furnished by the Laboratory to determine the energy spread of
the beam at energies from 35 MeV to 148 MeV. The sensor heads were each exposed
to the collimated proton beam at 35, 45, 55, 65, 75, 35, 95 and 100 MeV
energies. During the sequence of runs, the E” detector singles rate was
recorded at energies up to 90 MeV and the Anti rate recorded at 90 MeV and
above. The high energy proton data presented in Figure 6. shows the expected
peak in energy deposition at 45 MeV (the thickness of the DE/DX and E detectors
is nominally 1.02 cm which 1is the range <f 45 MeV protons in silicon). The
measured energy deposition from higher energy protons penetrating the detectors

is within 1 MeV of calculated values.
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