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1. INTRODUCTION

It has been found that in the presence of magnetospheric substorm
particles a satellite may charge to negative potentials as high as ~10kV,
and to several hundred volts while runlit. This charge phenomenon has
been reported by DeForest (Refs. 1.1 and 1.2). Since this charge buildup
can have significant consequences in terms of proper satellite operation,
the Air Force is instrumentating a satellite to investigate this effect. One
of the instruments to be orbited on that satellite is the Rapid Scan Particle
Detector, designated as SCH, which is the subject of this report.

The instrument is designed to make simultaneous measurements
along two orthogonal axes of electrons with energy between 50 eV and 10
MeV and of protons in the range of 50 eV to 35 MeV. Each axis incorpor-
ates 4 electrostatic analyzers (ESA) and 2 solid state spectrometers (SSS).
The 4 ESA's are arranged in 2 complementary energy ranges for electrons
and protons. The low energy ESA's cover the energy range 0.05 to 1.7 keV
while the high energy ESA's cover the 1.7 to 60 keV range. Four measure-
ments are made over these ranges, plus a background measurement. The
electron SSS covers the 30 to 10,000 keV range. Ten measurements are
made over these ranges, in five groups of two (coincidence and ambicoin-
cidence).

The instrument's digital output data is read every 200 ms, thus a
complete energy spectrum can be generated every 1 second. A second
output - pulse amplitude modulated - provides data from a high speed
digital count ratemeter (~230us integrating time). The input to the rate-
meter is selected by a multiplexer from one of the 8 ESA and 8 SSS out-
puts. Control logic, prdgrammable by ground command, determines the
sweep rate of the ESA or SSS and selects the output from the detectors to
be processed by the ratemeter. Very high time resolution data can be
generated by the latter circuit. If the sweep rate of the ESA's or SSS's

is decr=ased, or fixed, the time resolution of portions of the spectrum




can be enhanced. A detailed description of the design aspect of this instru-
ment is given in Scientific Report No. 1 (Ref. 1.3) and will not be repeated
here.

As a result of the delayed selection of a Spacecraft Integrator the
interface control document (ICD) only became available in final form just

prior to this report date. The ICD specifies a serial entry command input

rather than a parallel entry for which the instrument was criginally designed.

This required a redesign of the interface circuit for the command input.
Also affected by the ICD was the PAM data assignment, and its subcommu-
tated mode frame assignment, as well as the timing and control logic for
this circuit.

The ESA uses a Spiraltron electron multiplier (SEM) for the detec-
tion of charged particles. Laboratory measurements were conducted with
the SEM to determine 1) the relative efficiency for monoenergetic electrons
and 2) the sensitivity to electrons incident on the outside of its glass body.
The relative efficiency is measured for three selected electron energies,
.47 keV, 7.5 keV and 15 keV. No significant variation of efficiency dis-
tribution across the funnel diameter is found for the three energies. The
sensitivity to electron irradiation is measured with 2 Sr-Y-90 source and
shows that 1/8 in. of brass covering 3/4 in. length of the Spiraltron (start-
ing from funnel end) gives adequate shielding for <2.2 MeV electrons. A
completed ESA assembly has been tested for its response to vacuum ultra-
violet radiation. Under worst case conditions the UV induced accumulated
counts per year compute to ~1.7xl 010 counts, which is appreciably less

011 counts.

than the minimum expected lifetime of the SEM, given as 2x1
The electron solid state spectrometer design was slightly modified
by introducing an absorber between the front and back surface barrier de-
tectors. This was done to improve the spectral information obtained at
and above 1l MeV.
The long term reliability of complementary metal oxide semicon-

ductor (CMOS) integrated circuits has been improved by the use of radia-

tion hardened CMOS devices throughout.
2




The package configuration for the Rapid Scan Particle Detector
has been finalized. Compared to the original size (Ref. 1.3) the package
is reduced by 2 in. in width and length, respectively. The field of view
and the location of the detector entrance collimators have been defined.
A mechanical interface control drawing, an analytical thermal model and
an electrical interface control drawing have been completed. Housings for
the ESA and SSS subassemblies have been fabricated as well as the preamp-
lifier circuits for the ESA detectors. The design for the multiple output
DC/DC converter has been completed, and fabrication of a prototype has
been started. Details of the design development and construction are pre-
sented in Sections 2 and 3, respectively and conclusions are given in
Section 4.
& DESIGN DEVELOPMENTS

This instrument performs a differential energy analysis of 0.05to
10,000 keV electrons and 0.05 to 35,000 keV protons. This is accomplishea
by using low energy ESA's to cover the 0.05 to 1.7 keV range, high energy
ESA's to cover the 1.7 to 60 keV range, and solid state spectrometers for
measurements above that range. Two complete sets of detectors are used,
one of which is to be oriented perpendicular to the satellite spin axis and
the other parallel to the spin axis. A simplified instrument block diagram
is shown in Fig. 2.1 which reflects the redesign of the command interface
as well as the deletion, addition or change of certain signals provided by
the spacecraft, The spin pulse and 1 MHz clock signals previously control-
ling the PMA timing are deleted. The timing is now generated by an inter-
nal 1 MHz clock and the control circuitry which derives an additional 1 Hz
sync. and an 8 kHz clock signal (previously 16 kHz) from the spacecraft
telemetry. The command input features an added magnitude command
interface, converting the serial comman_d word into parallel entry.

The instrument package has been reduced to a volume of approxi-

mately 600 cu. in. (.35 cu. ft.) measuring 10xI1 0x6 in., not including the

Q-
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small mounting tabs. An instrument outline drawing is shown in Fig. 2.2.
The location and geometry of the detector entrance collimators have been
changed slightly. Two groups of 6 apertures are located in two opposite
corners of the instrument with well defined field of views being mutually

perpendicular. Thus, one group will be oriented with a field of view paral- ,

lel to, and the other perpendicular to, the spin axis. f
A detailed discussion of those sub-assemblies affected by the inte- |

grator's final interface control document (IDC), or those which have been

improved or tested for performance, is given in the following sections.

2.1 Electrostatic Analyzer
Three separate tests were made with a prototype ESA to determine:

1) the relative efficiency of the SEM with monoenergetic electrons, 2) the

" response to vacuum ultraviolet radiation and 3) the sensitivity of the SEM

' to electrons incident on the outside of its glass body. Tests were also con-

ducted to determine the absolute detection efficiency. The relative effi-

ciency of the funnel for monoenergetic electrons has been measured with

the test setup of Fig. 2.3. A potential of +50V is applied to the source to

reduce secondary emission. By scanning a monoenergetic electron beam

across the diameter of the funnel, the relative efficiency is determined at

8 discrete positions. Figures 2.4 and 2.5 are graphs of such scans with

the funnel biased at +500V (VF = 500V) and ground potential, respectively.

The graphs show the relative response for three selected monoenergetic

electron energies, namely, .47 keV, 7.5 keV, 15 keV, normalized to their

value at the center. It can be seen that no significant variation of the dis-

- tribution of efficiency across the funnel diameter is found for the three
energies.
. The response of the SEM to solar Lyman a has been determined

with a krypton lamp, EMR 582K-09, whose main output is at 12004.
Measurements made with this UV source indicate that the SEM count rate

when viewing the sun directly will be of the order of 10 kecps. The SEM
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full width view angle is approximately 20° or 1/18 of a satellite rotation.
Thus, under worst conditions the SEM is viewing the sun directly for 1/18
the time of expected instrument lifetime. With a UV induced count rate of

10 kcps the accumulated counts per year compute to approximately 1.7x1010
counts. This is appreciably less than the minimum expected lifetime of the
SEM, given as 2xl 011 counts, and turning off the ESA every time it is view- 1

ing the sun is not absolutely required. However, %o increase reliability it 1

is plarned to incorporate a sun sensor (photodiode) which shuts down the _
ESA power for a duration equivalent to 20° roation. For added flexibility b
this photodiode control can be disabled by ground command. The lifetime
of the SEM is further enhanced by the ground controlled increase of its
bias H. V.

The above calculation of accumulated counts assumes that the in-
strument is on 24 hours a day for 365 days, and that the sun will be in the
equatorial plane of the satellite's spin axis, neither of which is likely to

be true.

The recently measured electron spectrum at synchronous orbit by
Aerospace (J. B. Blake) has been incorporated in the ICD as a guide for long
term reliability aspects of the on-board instruments. Based on this new
penetrating electron spectrum, laboratory measurements of the Spiraltron
electron multiplier (SEM) were made to determine the required amount of
shielding to prevent false stimulation of output pulses by these electrons.

The Spiraltron electron multiplier (SEM) for the ESA assembly is

known to produce output pulses for energetic electrons penetrating the glass

envelope of the detector. Tests were conducted to verify this phenomenon

and to determine the length over which the SEM would be sensitive to such
radiation. A collimated Sr-Y-90 source of 2.2 MeV maximum energy was
employed to irradiate the envelope over a narrow portion of its length.

Scanning the full length of the Spiraltron with and without shielding around
it determined the required amountand configuration of shielding. Prelimi- 1
nary results show that 1/8 in. of brass covering a 3/4 in. length of the

10
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Spiraltron (starting from funnel end) seems to give adequate shielding for
=2.2 MeV particles. Considering that the SEM is surrounded by various
spacecraft and experiment materials with an average equivalent thickness

of brass amounting to approximately 1/16 in., the additional required shield-

ing should be1/16 in. of brass. The latter will be machined or formed so0

as to fit closely the dimensions of the Spiraltron itself in order to minimize f

added weight. ;
In order to determine the absolute detection efficiency it is neces-

sary to measure two quantities: 1) the relative spectral response of the u3

source, and 2) the absolute electron flux from that source. The first of

these measurements has been carried out and the results are plotted in

F:g. 2.6. The spectrum differs somewhat from that of standard H3, be-

cause the source is thick and has a cover. The peak is in the correct

location. The second quantity has been measured by use of a Faraday cup

under vacuum and an external digital electrometer. Preliminary results

with a tritium source (H3) of 75 mCi nominal intensity show that the elec-

tron spectrum peaks at 7-10 keV with a flux of about 1.2x1 07 el (cm?-sec-

sr-keV). The measurement system is presently being improved to reduce

errors from leakage currents to allow precise measurement of the spec-

tral shape.

2.2 Solid State Spectrometer
The electron solid state spectrometer has been modified by adding

an absorber between the two detectors. This improves spectral data at

high energies by giving a differential flux measurement at 1 MeV, and a

thr eshold measurement above 1 MeV. Revised values for AE, detection

energy range and detection mode for the electron solid state spectrometer

are given in Table 2.1.

11
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Table 2.1
Energy Detection Ranges for the Electron Solid State Spectrometer
AE energy Electron detection Proton contaminant
Channel loss range energy range range Mode
designation (keV) (keV) (keV) type
EAOQ 25-41 30-45 255-270 anti
EAl 41-67 45-70 270-290 il
EA2 67-118 70-120 290-330 Ie
EA3 118-300 120-550 330-365 i
EA4 168-300 170-265 365-430 1A
ECO 25-41 950- 00 - coinc f
ECI1 41-67 980-1100 - it «
EC2 67-118 70-950 - anti ;
EC3 - 950- - single
EC4 - 980-1100 - ) §

2. 3 Broadband Data Multiplexer and Signal Processor

A block diagram of this subsystem is shown in Fig. 2.7. The 8
pulse outputs from the ESA's, the 8 pulse outputs from the SSS's and the
2 fixed threshold pulse outputs from the e SSS's are applied to the inputs
of a digital multiplexer. One of these inputs, as selected by the timing
and control logic, is directed to the input of the signal processor.

The signal processor is a high time resolution digital count rate-
meter, controlled by an internal 262.144 kHz clock,as shown in Fig. 2.8 -
the processor timing diagram. The selected input counts are accumulated
in a 5 bit compr ession counter (3 bit mantissa plus 2 bit exponent) while
the ENABLE line is high (236.5 usec). The counter contents are then
strobed into a 5 bit latch, the counter is reset, and the next accumulation
interval started. The contents of the 5 bit latch are applied to a Dto A
converter yielding the output voltage versus input count characteristic

shown in Table 2.2. This arrangement assures the resolution of single

13
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Table 2.2

~ Broadband Data Ouput Voltage Level
vs Input Counts (236.5 sec accumulation time)

Input Counter State Nominal
Counts Exponent | Montissa o“‘trP“t
0 00 000 0. 000

1 00 001 0.161

2 00 010 0. 323

3 00 011 0. 484

4 00 100 0. 645

5 00 101 0. 806

6 00 110 0. 968

7 00 111 1.129
8,9 01 000 1.290
10,11 01 001 1.452
12,13 01 C10 1.613
14,15 01 011 1. 774
16,17 01 100 1.935
18,19 01 101 2. 097
20,21 01 110 2.258
22,23 01 111 2.419
24.-27 10 000 2. 581
28-31 10 001 2. 742
32-35 10 010 2.903
36-39 10 011 3. 065
40-43 10 100 3. 226
44 -47 10 101 3. 387
48-51 10 110 3. 548
52-55 10 111 3.710
56-63 11 000 3. 871
64-71 11 001 4, 032
72-79 11 010 4.193
80-87 11 011 4. 355
88-95 11 100 4.516
96-103 11 101 4. 677
104-111 11 110 4. 839
112-119 11 111 5. 000




counts at low rates while still providing adequate accuracy at higher count
rates. The use of a 5 bit compression counter and a 6.5 usec accumulation
time provides for satisfactory operation up to count raies of 500 kHz, which
should be quite adequate in this application.

'f: B The output of the signal processor along with the UV photodiode sig-

nal and the ID generator output are fed to an analog multiplexer. One of
these inputs, again selected by the timing and control logic, is fed through
a unity gain buffer amplifier to the satellite PAM signal processing circuitry.
The Broadband Data channel assignment is controlled by 6 bits from
the magnitude command. These 6 bits are applied to the timing and control
logic allowing 64 possible assignment modes as shown in Tables 2.3 and 2.4.
In the subcommutated modes the broadband data channel is assigned to each
unit for a complete energy sweep, or if the unit is not sweeping, for a single
digital data accumulation time (0.2 sec). The switch to the next unit is initi-
ated as the energy channel goes from 4 to 0, or at the beginning of a digital
data accumulation interval. An additional bit from the magnitude command
is used to control the subcommutated modes dwell time - setting this bit
changes the above dwell time to 10 energy sweeps or 70 seconds respectively.

The Broadband Data channel assignment, and the energy channel of

the unit to which it is assigned, are specified by an 8 bit ID word which is
generated every 200 msec - at the beginning of each data accumulation period.
The ID word format is given in Table 2.5 and a typical broadband data output
is shown in Fig. 2.9. Note that each ID word is preceded by a 5.0 volt synch-
ronization level and that a pseudo RZ format is used wherein the output goes
to 2.5 volts between data bits. These two levels plus a zero volt logic out-

put level (assuming at least one ID bit is zero) give a 3 point calibration of !

o the entire PAM processing system.
: 2.4 Magnitude Command Interface Circuitry
A block diagram of the magnitude command interface circuity is i ;

shown in Figure 2.10. This circuitry converts the 22 bit serial command ! i
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Table 2.3
Broadband Data Channel Assignments
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Table 2. 3 (cont'd)
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Table 2.5
Broadband Data ID Word Format

PAM Group ID Unit ID Energy Channel
Assignment 1 2 3 4 5 6 2 8
LE | e Esa 0| o ojlojo
LE || e Esa 0| o 0.1 811
HE | e EsA of o o|l11}o atimilis
HE || e Esa o| o el b 518 4B
LE | p ESsA o o 1 10 fo 5 5 5
LE || p Esa o o 1 {0 }1 é é é
HE | p EsA 0| o -1 ET90
HE || p EsA o| o oy bid
] e S8Ss COINC 0} 1 0ojlo0]o0
|| e 8Ss COINC ol 1 01 011}
| e Sss COINC 0| 1 o|l1]0 |~ | ~
o S 80 BT
|| e SSS COINC o 1 oL Vi olo | o
: é o lo 21 El 2
| p SSS COINC o 1 1 Al &8 | &
£ 7} )
'| p sss COINC ol 1 48 1 @ 8 |a
1 p 8SS COINC o] 1 | 1 | o
|| p $SS COINC o 1 ok T
]l e SSS Fixed Th | 1| 0 ojo o x| x |'x
|| e SSS Fixed Th {1 | 1 ol oo x| x | x
Photodiode 1 X 1 1 1 x x x

Lt e 14




1I€ TO¥MINOD LISIY

um!_L

TO¥LINOD =
dJdo 1nHS €&

olav vs3

INIL TTING g ]

v1iva 94

HIASNVYEL

)
ININNDISSV = R it =
viva g4 e S (9) »
UAASNVYEL § 3
@
2 ™
o »
2 B
TO¥LNOD 2 8 &
R‘ H
A SVIE W3S _ (¥) @
4IISNVYEL P
s oo BRI
Buenied &
TO¥LNOD %) viva ™
HD N SSS 9

dIASNVYL

IM)
LATCH

TOYLNQD
HO N3 vsd

(¥) viva r ® |

HIASNVYL

-

DATA

Magnitude Command Interface Circuitry Block Diagram.

Fig. 2.10.

s




received from the spacecraft into the parallel format required by the vari-

ous instrument subsystems. The 22 bits are utilized as follows:

4 bits - ESA energy channel control

4 bits - SSS energy channel control

4 bits - SEM bias voltage control

6 bits - Broadband data channel assignment
1 bit - Broadband data subcomm dwell time
_2 bits - ESA auto shutoff circuitry control
21

The remaining bit is used as a reset control bit. The control logic is such

that a latch:

1) is updated if any of its data bits are set and the reset bit is not set

2) is cleared if any of its data bits are set and the reset bit is set

3) remains unchanged if all of its data bits are zero.

This scheme allows completely independent control of the various logical

bit groups - the ESA energy channel control bits may be changed without

affecting the SSS energy channel control bits, or any of the other control

bits. This scheme also allows for simultaneous updating of 2 or more

groups of control bits - the SSS and ESA energy channel control bits may

be changed with a single magnitude command.

2.5 System Parameters

Since the outline dimensions of all major system components are

now well specified, the package configuration and systems wiring of the
Rapid Scan Spectrometer have been finalized. This made it possible to
characterize the system and submit the following documentation to the
integrator:

1) The mechanical interface control drawing showing mounting

arrangement, center of gravity and the niass moment of inertia.

(D4061)

2) An analytical thermal model of the system, based on power dissi-

pation of major components, their location and the structural

materials used. (D4073)
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3) The electrical interface control drawing showing all input and
and output connections, pin assignments and connector type.
Typical output circuits are given with output voltage range and
impedance. (D4093)
3. FABRICATION ;

Eight housings for the electrostatic analyzer subassemblies for two
satellite systems have been completed. Four housings for the solid state
spectrometer have been completed. Since the housings for the electron
and proton spectrometer are identical, they can be used to complement
two rapid scan spectrometers with electron detectors in case it is decided
that no proton detectors are to be flown. If the proton detectors are to be
included, four more housings will have to be constructed. Eight preamp-
lifier boards for the electrostatic analyzer have been assembled and func-
tionally tested.

4. CONCLUSIONS

The dea‘ign of the Rapid Scan Spectrometer has been completed.

The development work reported herein shows that considerable
redesign had to be done to accomodate the serial entry command input re-
quired by the integrator. Further, the command word was increased to
22 bits (16 previously) allowing for the monitoring of 64 assignment modes
(16 previously) of the broadband multiplexer, thus increasing the versa-
tility of the instrument. Of course, the additional command bits also in-
creased the complexity of the control logic for the broadband multiplexer.
The ESA tests served to enhance the reliable operation of this unit under
conditions of undesirable UV and electron irradiation. The relative effi-
ciency measurements will ultimately be used to arrive at an absolute calib-
ration of the SEM electron detection sfficiency. A very worthwhile improve-
ment of the electron spectrum information available from the SSS's has been
achieved with the simple addition of an absorber between the front and back
detectors of that unit.

The fabrication of subassemblies has progressed at a normal rate

indicating that the delivery schedule can be met.
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