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1. INTRODUCTION 

High energy electron flux is a very important radiation hazard to spacecraft electronics. 
Measurement of electron flux along with its variation in time and position across the magnetosphere 
allows a quantitative understanding of the radiation hazard. The goal of the work described in this 
report was to design a sensor that measures the high energy electron flux. 

A satellite sensor to detect 3 to 30 MeV electrons has been designed and developed. The 
sensor uses three solid state detectors (SSD) and a quartz Cerenkov radiator. Two SSDs in a 
telescope configuration form a 9° FWHM detection cone, while the Cerenkov radiator performs the 
particle energy measurement. The third SSD is behind the Cerenkov radiator, and discriminates 
electrons from relativistic protons. A fast triple coincidence of the two telescope SSDs and the 
Cerenkov detector initiates particle analysis. A microcontroller analyzes the detector outputs and 
stores the coimts in a seven-channel electron energy spectrum. Shielding is designed to reduce 
background coimt rates in the detectors to minimize random triple coincidences. The design is 
applicable to spacecraft in the Earth's trapped radiation belts, with the electronics design being hard 
to>100kRad. 

An initial breadboard sensor, then a modified breadboard sensor were designed, fabricated, 
calibrated, and tested. A protoflight sensor has been designed, and much of it fabricated. The 
electrical interface design is not complete, because a spacecraft interface has not been specified. The 
protoflight spectrometer outline drawing is shown in Figure 1. 

Figure 1     Protoflight Spectrometer Outline Drawing (all dimensions in inches). 
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The initial breadboard unit was calibrated with protons and electrons. The low-energy proton 
response is negligible, so non-penetrating protons will not contaminate the electron spectrum. 
However, the initial breadboard Cerenkov radiator design had a very broad energy response for 
electrons, and the design was modified to provide better energy resolution. The initial breadboard 
design, analysis, and test results are described in detail in Reference 1. 

2. SENSOR DESIGN, ANALYSIS, AND TEST RESULTS 

2.1 Conceptual Design 

The initial detector geometry is shown in Figure 2, with the modified detector geometry 
shown in Figure 3. Two substantial differences between the initial and modified detector assemblies 
are that four photomultiplier tubes (PMT) and a larger Cerenkov radiator are used in the modified 
detector design. 

A telescope arrangement of two SSDs (Dl and D2) is used to define the sensor field-of-view 
(FOV), with a 2.5 inch thick quartz Cerenkov radiator providing electron energy selection. A third 
SSD (D3), behind the Cerenkov radiator, provides discrimination between electrons and high energy, 
penetrating protons. Dl and D2 are 700 microns thick, 2 cm^ area totally depleted Si surface barrier 
detectors. The separation is 3.75 inches, which produces a geometric factor of 0.044 cm^-sr with a 
maximum off-axis detection angle of 9.5°. The firont collimator extension is used to reduce the Dl 
geometric factor for lower energy electrons and thus, avoid excessive co\mt rates. A 46 mil Be foil 
is used to shield Dl fi-om electrons below 0.5 MeV in the FOV. The Cerenkov radiator is 2.5 inches 
thick quartz, which is the range thickness for 31.76 MeV electrons and 125.5 MeV protons. The 
Cerenkov radiator has a 1.5 inch square entrance face and a 2.0 inch square rear face. The four sides 
are flat fi-om fi-ont-to-rear, and the design is such that all particles in the D1/D2 telescope FOV must 
pass completely through the radiator. Two PMTs are mounted side-by-side facing the other two 
PMTs mounted side-by-side. The remaining area of the radiator is covered with white reflective 
paint. D3 is a 500 micron partially depleted, 20 cm^ area Si detector, which covers the entire D1/D2 
telescope FOV. 

The calculated ionization energy loss in the SSDs and the Cerenkov radiator is shown in 
Figure 4, while the calculated Cerenkov light produced is shown in Figure 5. These calculations are 
used to provide the threshold values needed to produce the desired electron energy channels. Dl and 
D2 have nearly identical responses to electrons (>1 MeV) and protons (>350 MeV) which produce 
Cerenkov light in the quartz radiator, since the particles are all near the minimum ionization energy 
loss of 1.5 - 2 MeV-cm7g in Si. This is shown in Figure 4, which shows the energy loss for electrons 
and protons m the ihree SSDs and in the Cerenkov radiator. The energy losses are calculated fi-om 
the electron tables of References 2 and 3, and the proton tables of References 4 and 5. Note that the 
particle energy loss in the Cerenkov radiator should not produce any light, since pure quartz (fiised 
silica) has an extremely low scintillation efficiency. 
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Figure 2    Initial Detector Geometry (all dimensions in inches). 
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Figure 3    Modified Detector Geometry (all dimensions in inches). 



Cerenkov 

1 10 100 
Incident  Particle  Energy  (MeV) 

i' I I I j 111—'—I—I—I I j I III 
2 468 2 «6B 

1000 

Figure 4    lonization Energy Loss in the Detectors. 

Particle energy discrimination comes from the Cerenkov light output of the radiator, with 
electron/proton selection coming from D3. The Cerenkov light produced in quartz is (Ref. 6) 

d^N/Cdxdv) = K (1 - l/(nP)^) photons/(cm-(cycles/s)) 

where N = # of photons, v = frequency (Hz), x = path length in radiator (cm) and 

K = 27i:z7(137c) 

(1) 

(2) 

with z the particle charge (in electron charges), v the particle velocity (cm/s), P = v/c, c = 3 x 10^° cm/s 
is the speed of light, and n is the index of refraction (= 1.49 for quartz). For a particle of kinetic 
energy E and rest mass E^, = mc^. 

p2 = (E^ + 2EEJ/(E + E„)2 

while the inverse is 

E = E„(1/(1-PT^-1) 

(3) 

(4) 

The minimum energy for Cerenkov light production is for p„ = 1/n, so for quartz the electron 
Cerenkov li^t threshold (m^c^ = 0.511 MeV) is 0.178 MeV, and for protons (nipC^ = 938.3 MeV) 
it is 327.4 MeV. The stopping power of quartz (S(E) in MeV-cmVg) is given for protons in 
Reference 4, while for electrons it must be calculated from the Si stoppuig power in Reference 3 and 



the O stopping power in Reference 2 using the mass fractions of the elements in quartz (SiOa). Using 
the energy loss per cm, dE/dx = -pS(E) where p = 2.20 g/cm^ is the density of quartz, and converting 
(1) to wavelength A, by dv = -cdi/A,^, the PMT photoelectron yield can be written as 

E 
Npe = /(QE(X)/A,2)dA X /   ' [Kc(l - l/(nP)V(pS(E))]dE (5) 

m 

where E„ is the Cerenkov threshold energy and ^ is the energy of the particle when it enters the 
Cerenkov radiator. QE(A.) is the fractional quantum efficiency of the PMT photocathode. The 
preliminary ruggedized PMT selected has a bialkali photocathode and a borosilicate glass face, giving 
a response range of 300 to 650 nm with a peak QE of about 0.27 (27 percent), which gives 
!(QE(XyX^)dX = 3520/cm. 

The integration over electron and proton energy m (5) was done numerically, using the 
appropriate range/energy table, to calculate ti^JE^ for several values of Ej. Note that Np^ from (5) 
is for complete light collection, and the actual value is expected to be about half of the (5) values. 
For the geometry of Figure 3 the light collection efficiency can be written approximately as 

L^ = fV[l-(l-fA)xR] (6) 

vdiere 4 -0.214 is the ratio of total photocathode area (4 PMTs, nominal area) to the total surface 
area of the Cerenkov radiator, and R is the reflectivity of the white paint. For R = 0.95, L^ = 0.845, 
while for R = 0.98 (possible with a very high quality BaS04 coating), L^^ = 0.932. Using a reasonable 
estimate of L^^ = 0.5, a 2.21 MeV electron (corresponding to a 3 MeV mcident electron) should 
produce a signal of about 21 actual photoelectrons, and this is definitely detectable with good quality 
PMTs. This corresponds to a proton energy threshold of 369 MeV (371 MeV incident energy), so 
it is also possible to measure proton energy spectra from 371 MeV to above 1000 MeV. 

The Ej values of (5) for particles in the FOV must be adjusted for the energy loss in the two 
telescope SSDs and in the 46 mil Be foil to give an E^^ value for the mcident particle energy. The 
results for electrons and protons are shown in Figure 4. Since electrons below 31.76 MeV do not 
penetrate the Cerenkov radiator, they do not produce a D3 pulse, while all protons producing a 
Cerenkov signal must produce a D3 signal. Thus, the D3 signal is used to distinguish electrons from 
protons. 

The calculated elecfron energy losses and Cerenkov light outputs assume a straight line path 
for the electrons. Because of scattering, the actual electron paths are irregular, and thus some 
electrons above the 31.76 MeV Cerenkov radiator thickness range will still stop within the radiator. 
The sensor will thus have some reduced response to higher energy electrons, and may be useable for 
electrons up to 40 MeV. 
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Figure 5    Cerenkov Light Production in the Radiator. 

r                                    Table 1    SSD Energy Loss Threshold Values 

Detector Level Value (MeV) Particle Energy (MeV) 

Electrons Protons 

Dl LL 0.13 >0.54 >12.35 

(( UL 0'5 - 12.40 - 275 

D2 LL 0.13 >0.80 >16.36 

6( UL 0.5 - 16.41 - 275 

D3 LL 0.13 >33.3 >128 

A preliminary set of SSD thresholds is given in Table 1 along with the corresponding incident 
electron and proton energies. The Cerenkov pulse spectrum is sorted into 8 levels, with the 
corresponding electron and proton energies bemg listed in Table 2. The energies in Table 2 are 
nominal calculations, and in practice will be replaced with calibrated values obtained from actual 
electron calibration data. Electron (no D3(LL)) and proton (with D3(LL)) spectra are generated by 



a fast triple coincidence of D1(LL) * D2(LL) * PMT(LL) (t = 0.1 fxs resolving time), with the energy 
sorting by PMT(Li). Spectra are only taken for Dl and D2 energy losses in the range of LL to UL, 
which eliminates possible low-energy proton contamination (protons < 275 MeV). All thresholds are 
counted, providing several additional counts which allow correction of the measured data for 
deadtime and random coincidence effects. 

Table 2   Cerenkov Light Thresholds and Particle Energies 

Cerenkov Level Calculated 
Photoelectrons 

Particle Energy (MeV) 

Electrons Protons 

LL 41.6 3.0 371 

LI 74.8 4.4 391 

L2 149.6 7.8 445 

L3 224 11.7 522 

L4 299 15.8 626 

L5 374 20. 812 

L6 449 25. 1179 

L7 523 30. 2431 

An updated electronics block diagram generated for use v^th the SOBEDS (Small Onboard 
Environmental Diagnostic Sensor) Package is shown in Figure 6. The two front SSD (Dl and D2) 
output signals are amplified and shaped, then the signal is applied to two threshold discriminators 
(TH/OSs) and a zero cross sensor (Z/C). The PMT output signals are summed, amplified and shaped 
and then applied to a low level threshold discriminator (TH/OS), a zero cross sensor (Z/C) and an 
array of seven additional threshold discriminators (TH/OS). TTie rear SSD (D3) output signal is 
amplified and shaped, then applied to a single threshold discriminator (TH/OS). A small "alpha lamp" 
(a small scintillator piece with a weak Am-241 alpha particle emitter embedded in the scintillator) is 
used to monitor and set the PMT gain, both on the groimd and in orbit (during low ambient 
background periods). 

Incident electrons greater than 3.0 MeV within the FOV trigger the Dl, D2 and PMT zero 
cross sensors, yielding a fast coincidence (FAST COINC) output pulse (COINC). Incident protons 
greater than 371 MeV within the FOV also trigger the Dl, D2 and PMT zero cross sensors; however, 
these particles also trigger the rear SSD (D3) threshold (TH/OS). The COINC pulse latches the 
state of the SSD and PMT TH/OSs and interrupts the microcontroller, which reads and resets the 
latches, and increments a random access memory (RAM)-based COINC pulse counter. Based on the 
state of the latches, the microcontroller also increments one of an array of RAM-based counters. The 
microcontroller then retums to its background processing task, until it is again interrupted by a 
COINC pulse. Thus, seven differential-channel and one integral-channel energy analyses of electrons 
from 3.0 to >30. MeV, and of protons from 371 to >2431 MeV are performed. The SSD and PMT 
TH/OS and FAST COINC output pulses are also accumulated in hardware counters, which are 
periodically read and reset by the microcontroller in order to establish a dead-time-correction factor. 



Figure 6    Spectrometer Electronics Block Diagram. 



It was anticipated that data packets would be transferred to the SOBEDS Package central 
processing unit via a buffered universal asynchronous receiver/transmitter (UART). The 
Spectrometer microcontroller would format the Spectrometer data in a packet structure defined by 
the SOBEDs interface. During the latter part of 2000 the use of the Spectrometer for SOBEDS was 
no longer viable, but a possible use on the AFRL/NASA MEX spacecraft arose. This was explored 
for several monlhs, but in early 2001 NASA dropped out of the program and it was canceled. There 
was no flight set for the Spectrometer, so the interface electronics design was kept on hold. This was 
a cost effective approach, since it avoids fabricatmg an interface PCB which would have to be 
redesigned and a new one fabricated after a specific spacecraft interface was provided. 

2.2 Modified Breadboard Detector 

The measured electron responses of the initial Cerenkov detector show that the response is 
more a set of integral electron channels, rather than differential channels. This is partly the result of 
using only two PMTs, also partly the result of a small Cerenkov radiator, where some high energy 
electrons scatter (leak) out of the sides and thus generate only a Section of the full CerenJcov light 
for an electron that stops in the radiator. The desired response to high-energy electrons is for 
differential channels, since the deconvolving of integral channel responses is less accurate. Thus, the 
initial detector assembly design was modified then retested. The modified breadboard detector 
assembly is housed in the same steel NEMA electrical enclosure that was used for the initial design, 
as shown in Figure 7. The modified breadboard Cerenkov radiator is larger than the initial radiator, 
as is shown in Figure 8. The modified design allows for larger PMTs mounted to the radiator sides. 
Also, there are four PMT's (PMT1=1", PMT2=1", PMT3=1.5" and PMT4=1.5" diameter 
photocathodes) in place of the initial detector array using only two PMT's (PMT1=0.75" and 
PMT2=1" diameter photocathodes). 

The Cerenkov radiator has a reflective paint (BaS04) on all surfaces except PMT moimting 
surfaces and the alpha lamp mounting surface. In addition, a thin layer of aluminum foil is mounted 
on the outside of the paint. The modified design improves the light collection efficiency of the 
detector array to satisfy the energy resolution goals of this instrument. 

Testing was done at Panametrics using radioactive sources, atmospheric muons and electrons 
at Rensselaer Polytechnic Institute (RPI) Linear Accelerator, in Troy NY. 

2.3 Analog Signal Processing Electronics 

The signal processing electronics consists of the Dl, D2, charge-sensitive preamplifiers 
(CSPA), PMT buffer amplifiers, PMT summing amplifiers, shaping amplifiers (SH AMP), threshold 
discriminators/one shots (TH/OS) and zero-cross sensors (Z/C). 

Each of the functional blocks, titled TH/OS in Figure 6, consists of an analog threshold (TH) 
discriminator whose output is input to a timing element called a one shot (OS). The OS provides 
critical timing that is generally designed with discrete hardware (monostable miiltivibrator) for each 
TH/OS functional block. A single Field Programmable Gate Array (FPGA) has been designed and 
tested to implement the OS function, digitally. Since seven different analog signal paths require the 
OS function, the FPGA use saves a significant amoimt of Printed Circuit Board (PCB) space. 
Reducing PCB space helps to keep the overall spectrometer package size small, and reduces 
instrument mass. Fast coincidence logic was also designed into the same FPGA. 
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2.4 Digital Electronics 

The digital electronics consists of latches and counters that interface to the analog 
discriminators and the microcontroller (^C) with its associated support, including the spacecraft 
interface. The baseline design uses an mdustry standard microcontroller architecture, hitel's 
8XC51FC, manufactured by United Technologies Microelectronics Center (UTMC), UT69RH051, 
which is radiation hard to a total dose of 1 x 10* rad and is latch-up immune. Microcontroller intemal 
features include: 

* Three programmable 16-bit timer/coimters 
* Intemal clock/oscillator, of static design, controlled by an external crystal 
* 256 bytes of on-chip [intemal] Read/Write Memory 
* Industry standard MCS®-51 instruction set 
* 64k of external program and data memory space 
* Universal asynchronous receiver/transmitter (UART) 

The microcontroller executes its program from external rad-hard non-volatile PROM. Since 
the //C operates out of PROM, imambiguous program operation is guaranteed. The proposed design 
does not allow for on-orbit changes to the program; however, the design can easily be changed to 
accommodate this should it be needed. The initial design uses extemal ReadAVrite Memory (RAM) 
to augment the microcontroller's intemal memory. During the final design phase we will examine the 
memory requirements, in detail, to eliminate extemal volatile memory if possible. 

A watchdog timer provides a measure of CPU fault tolerance by activating the 
microcontroller's hardware reset if it times out. This provides a means to recover from a Single 
Event Upset (SEU) event that will induce errors or other anomalous conditions. Part of the flight 
software housekeeping procedure is to reset the watchdog periodically. If a watchdog timeout 
occurs, the microcontroller is reset and program operation begins from a known configuration. All 
watchdog events are reported in the spacecraft digital serial telemetry stream. 

The heart of the logic needed for microcontroller support will be implemented with a Field 
Programmable Gate Array (FPGA). A second FPGA provides detector pulse latching and counting 
along with peripheral decoding, watchdog timing, spacecraft telemetry timing and various 
housekeeping fimctions. Figure 9 shows the fimctions designed for the Digital Processing FPGA. 
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2.5 Modified Breadboard Calibration Data Analysis 

A brief summary of the analysis of the modified breadboard calibration data is provided below. 

2.5.1 Atmospheric Muon Test Results 

Atmospheric muons are a particle source to verify basic operation and provide initial data used 
to determine PMT response. Figure 10 shovi^s the muon response compared with the response to 8.9 
MeV electrons. Note that this provides a cross calibration so that atmospheric muon response can 
be used to calibrate the alpha lamp peak, and thus set the PMT gain for electron response. 

2.5.2 Electron Tests at the RPI Linear Accelerator 

The modified breadboard Cerenkov detector was calibrated, at RPI, with electrons in the 
energy range of 3.0 MeV to 33.3 MeV. The results show sufficient energy resolution for seven 
differential channels for electrons and protons and one integral channel for electrons (> 30 MeV) and 
protons (> 2430 MeV). Some of the measured electron responses are shown in Figures 11 and 12. 

 Muon response (relative) 
o»-eo-o Gf for 8.9 MeV electrons 

Normalized   Pulse   Height 

Figure 10  Muon Response and 8.9 MeV Electron Response. 
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Gf(3-5 MeV chonnel) 
— Gf(3-5 MeV/Pb coll) 

Gf(10-15 MeV channel) 
Gf(10-15 MeV/Pb coll) 
Gf(20-25 MeV chonnel) 
Gf(20-25 MeV/Pb coll) 

I I I I I I I I I I I I I ' I I ' ' ' I ' I ' I I I ' ' ' I 
5 10        15       20       25       30       35       40 
Electron   Energy   (MeV) 

Figure 11   Electron Response vs. Electron Energy for Three Energy Channels. 

Gf(5-7 MeV chonnel) 
 Gf(5-7 MeV/Pb coll) 

nt^i-o-e Gf( 15-20 MeV channel) 
o<w><«) Gf( 15-20 MeV/Pb coll) 

Gf(25-30 MeV chonnel) 
Gf(25-30 MeV/Pb coll) 

- I I I I I I I I ' I ' I '' I ' ' I I I ' I I I I I ' I 
0 5 10        15       20       25       30       35       40 

Electron   Energy   (MeV) 

Figure 12  Response vs. Electron Energy for Three Energy Channels. 
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3. SENSOR DESIGN STATUS 

Following the Critical Design Review on 11 September, 1998, the electronics design was 
completed. However, as noted previously, the interface design is currently on hold, since there is no 
spacecraft designated for the Spectrometer. 

The modified Cerenkov radiator protoflight detector assembly has the following 
characteristics: 

(1) Truncated pyramid-shaped radiator. 

(2) Four PMTs; two 1.0 inch and two 1.5 inch. 

(3) Three planar SSDs; two 2 cm^ in the front telescope and one 20 cm^   behind the 
radiator. 

3.1 Analog Signal Processing 

The analog processing breadboard electronics that have been designed and built include 
Charge Sensitive Preamplifiers (CSPA), buffer amplifiers, a summing amplifier, the shaping amplifiers 
and all the threshold detectors. 

3.2 High Voltage Power Supply 

The high voltage power suppUes were tested during the spectrometer calibration and operate 
satisfactorily. Modifications necessary due to the addition of two PMTs have been completed. The 
PCBs have been designed, fabricated, assembled, and tested. 

3.3 Digital Processing 

Design of the microcontroller circuitry has been completed. Hardware and software designs 
are complete to the point that the design of the digital processing FPGA has been completed (Figure 
9). The proposed spectrometer telemetry format is shown in Table 3. However, the complete 
software design depends on the spacecraft interface, so this must wait until a specific spacecraft 
interface is provided. 

3.4 Mass, Power and Summary of Characteristics 

Table 4 lists a summary of the spectrometer characteristics including mass and power. 
Adjustments to the mass reflect the increased shielding needed for the coUimators and changes to the 
Cerenkov radiator. Tungsten (W) and copper (Cu) will replace the aluminum coUimators. The 
power requirements changed only slightly due to the addition of two PMTs. 

3.5 Spacecraft Interface 

The spacecraft provides a +28V Main Bus for the Spectrometer. Commands and telemetry 
with the spacecraft are assumed to be similar to that for the APEX spacecraft. The interfacing 
hardware is expected to be similar to the industry standard RS422 balanced (differential) 
transmitter/receivers. We plan to examine the MIL-STD-1553 Remote Terminal interface/protocol 
that will allow an interface to different spacecraft busses. However, as noted previously, the interfece 
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design is not complete since there is no specified spacecraft interface. 

4. SENSOR STATUS 

The sensor status is as follows: 

1) Assembly and testing of the Sensor electronics has been partially completed. The interface 
PCB design must be completed, and the PCB fabricated and tested, after a spacecraft 
interface has been defined. 

2) Assembly of the detector section is mostly complete. The mechanical housing design must 
be finalized, fabricated, and assembled. 

3) The completed sensor must be calibrated for electronic gains and thresholds. The final 
completed sensor must be calibrated at the RPI Linear Accelerator to provide the final 
electron response. 

4) The calibrated sensor must undergo protoflight testing - vibration, EMI/EMC testing, and 
thermal vacuum testing. 

5) The AFRL must be supported as necessary for placmg the Sensor on the selected spacecraft. 
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1                              Table 3   Proposed Spectrometer Telemetry Packet                              || 

Data Number 
of Bytes Data Number of 

Bytes 

SSDl LL TH/OS Hardware Counter 3 RAM Counter 11 (445 - 522 MeV p) 2 

SSDl UL TH/OS Hardware Counter 3 RAM Counter 12 (522 - 626 MeV p) 2 
SSD2 LL TH/OS Hardware Counter 3 RAM Counter 13 (626 - 812 MeV p) 2 

SSD2 UL TH/OS Hardware Counter 2 RAM Counter 14 (812 - 1180 MeV p) 2 

PMT TH/OS Hardware Counter 3 RAM Counter 15 (1180 - 2430 MeV p) 2 

SSD3 TH/OS Hardware Counter 3 RAM Counter 16 (>2430 MeV p) 2 

Fast Coincidence Hardware Counter 2 RAM Counter 17 (Diagnostic count) 2 

RAM Counter 1 (3.0 - 4.4 MeV el) 2 RAM Counter 18 (Diagnostic count) 2 

RAM Counter 2 (4.4 - 7.8 MeV el) 2 RAM Counter 19 (Diagnostic count) 2 

RAM Counter 3 (7.8 - 11.7 MeV el) 2 RAM Counter 20 (Diagnostic count) 2 

||RAM Counter4 (11.7 - 15.8 MeV el) 2 RAM Counter 21 (Diagnostic count) 2 

1 RAM Counter 5 (15.8 - 20 MeV el) 2 RAM Counter 22 (Diagnostic count) 2 

RAM Counter 6 (20 - 25 MeV el) 2 RAM Counter 23 (Triple Coincidences) 2 

RAM Counter 7 (25 - 30 MeV el) 2 Analog Subcommutator 1 

RAM Counter 8 (>30 MeV el) 2 Bilevel Subcommutator 1 

RAM Counter 9 (371 - 391 MeV p) 2 Cal/Norm Flag and Subcomm Frame 
Identifier 

1 

RAM Counter 10 (391 - 445 MeV p) 2 Checksum 2 

1                                                         70 Bytes Total 

17 



Table 4   Spectrometer Summary of Characteristics                                     II 

Detectors 3 planar silicon solid state detectors and a Cerenkov radiator with 
two photo multipliers in a telescope configuration 

Field-of-View 9.5° maximum Field-of-View (FOV) angle 
 ^  
Energy Ranges Electrons: 3 MeV to >30 MeV 

Protons: 371 MeV to >2430 MeV 

Output Data Format 560 bits (70 bytes) serial, read once per second, includes 
commutated autialog monitors 

Command Requirements possible: Normal Mode, Calibration Mode, HVPS level (1 of 8), 
Data Request 

1 Size 11.40 L X 9.00 W X 3.60 H (inches) 

1 Mass -10 lbs (4.5 kg)                                                                            II 

1 Power -LOW 

Temperature Range 0° C to +30° C Nominal Operating 
-20° C to +35° C Maximum Operating 
-20° C to +40° C Non Operating 

1 Geometric Factors, Proton 0.044 cm^ sr 

1 Geometric Factors, Electron 0.01 cm^ sr at ~3 MeV ;   0.03 cm^ sr for > 10 MeV 
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