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In this work, the results of the calibration of the solid-state detectors and electronic channels of the SIDRA satellite-
borne energetic charged particle spectrometer-telescope breadboard model are presented. The block schemes and
experimental equipment used to conduct the thermal vacuum and electromagnetic compatibility tests of the assemblies
and modules of the compact satellite equipment are described. The results of the measured thermal conditions of
operation of the signal analog and digital processing critical modules of the SIDRA instrument prototype are discussed.
Finally, the levels of conducted interference generated by the instrument model in the primary vehicle-borne power

circuits are presented.

PACS: 29.30.-h, 06.30.-k, 06.90.+v

1. INTRODUCTION

Scientific equipment, engineered for space research
purposes, calls for thorough ground-based optimiza-
tion and development of several models, each of them
should undergo in specialized tests that emulate the
different flight operation phases [1]. Scientific instru-
ments accumulate data in the course of an experi-
ment under harsh conditions like high vacuum, tem-
perature variations in the range of operation, ioniz-
ing space radiation, as well as the close presence of
other scientific and service equipment. The above
factors have an effect on the equipment during its
live. The need to take the above-listed outer space
factors into account becomes still more urgent in
those cases where the equipment is engineered to ac-
complish interplanetary missions, including those to
study the Sun at a close distance [2-4]. In the lat-
ter case, thermal and radiation inputs received by
the scientific instrument are higher than those re-
ceived on scientific equipment on board space ve-
hicles in near-Earth orbit. Therefore, different in-
strument models shall be comprehensive tested [5]
under high-vacuum conditions and at different tem-
peratures on the instrument-mounting platform. To
reduce the tests costs, some adjustment and testing
operations are performed with the use of a common
model. In our case, the laboratory model of the

SIDRA (Space Instrument for Determination of RA-
diation environment) [6-10] compact satellite-borne
energetic charged particle spectrometer-telescope was
used for this purpose. The adjustments and tests per-
formed in the laboratory model of SIDRA include the
tuning of instrument electrical parameters, thermal
and vacuum testing, calibration of detectors with the
use of accelerated charged particles and radioactive
isotopes and finally the electromagnetic compatibil-
ity tests.

This paper presents the test results of the bread-
board model of the SIDRA compact instrument un-
der conditions of high vacuum and with variation
in temperatures from -34 to +50°C. It also shows
the electromagnetic interference generated by the in-
strument model in the vehicle-borne primary power
circuits, as well as the results of the detectors cali-
bration with the use of electrons and heavy charged
particles.

2. CALIBRATION MEASUREMENTS
WITH ACCELERATED CHARGED
PARTICLES

The performance of the detectors and the analog sig-
nal processing unit was tested with isotope radioac-
tive sources and accelerated light nuclei in the cy-
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clotron located at the D.V.Skobeltsyn Institute of
Nuclear Physics of M.V.Lomonosov Moscow State
University [11,12]. The output signals of the sample
and hold circuits, analyzed with the spectrometric
12-bit analog-to-digital converter (ADC) 4K CAIIII-
USB manufactured by the "Parsek"* Limited Liabil-
ity Company, were used in the experiments.

The radioactive sources used in the tests were
electrons (2°"Bi) and-alpha particles (?2°Ra). In
the cyclotron tests, accelerated beams of protons,
deuterons and a-particles with their energy levels be-
ing up to 7.5 MeV /nucleon were used. With the help
of calibrated aluminum plates of different thickness
at the detector inputs, similar particles with energy
E=7.5...21 MeV were produced.

To extend the range of the linear part of recorded
particle energies, the gain coefficient of the input
test in the full absorption detector D2 was set to
Cy=3.8. Only one energy line, with the highest en-
ergy at E=1048 keV, was used from among four en-
ergy lines of electrons of 3-source 2°7Bi, this signal
that was recorded in the 32"¢ channel of the ADC.
In the course of the experiment involving the use of
a-particles the distance between source ??°Ra and
detector was 4.02 mm; with such a distance the en-
ergy losses in air are AE=543 keV. Hence, when plot-
ting the appropriate graph, the source energy values
E,1=4782 keV, E,2=5490 keV, E,3=6002 keV, and
FE,4=T687 keV were reduced by the value of losses in
air.
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Fig.1. Energy absorbed in D2 detector vs. analog
signal processing channel amplitude at the peak
detector output

From the obtained particle energy spectra, the values
of the ADC channel numbers that correspond to the
maximum values in the distributions of the number
of particles with different energies were found. The
ADC channel numbers were recalculated into ampli-
tudes of output signals of peak detectors (PD) Upp
and the results obtained were summarized in one plot.
Fig. 1 illustrates the dependence of full absorption en-
ergy in D2 detector vs. the amplitude of the analog
signal Upp at the output of the peak detector of the
relevant electronic processing channel. It can be seen
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that the experimental values obtained from different
sources of accelerated charged particles can be lin-
early approximated with a good accuracy degree.

Thus, the proposed methods of combined calibra-
tion measurements, can be used to assess channel
sensitivity at a chosen gain coefficient. This is done
finding the maximum value of full absorption energy,
following the measurement of the dynamic range of
the peak detector operation with the help of a test
signal. In addition, the obtained relationship repre-
sents one of the sources of the initial data intended for
the development of the processing logics and software
for the Field-Programmable Gate Array (FPGA) of
the module for digital signals processing instrument
prototype.

3. THERMAL AND VACUUM
TESTING OF THE INSTRUMENT

To be able to simulate the temperature conditions
and to enable the operation of the instrument and
its separate modules in outer space, a special hot
bench as part of the stationary vacuum plant was
designed and manufactured. The hot bench consists
of a copper plate that mounts a serpentine copper
tube intended for cooling the bench with liquid ni-
trogen vapors, and a nichrome-wire heater made as a
spiral, which is arranged within quartz sleeves. The
copper tube and quartz sleeves are arranged within
the copper plate grooves so that the maximum heat
transfer rate can be provided. Such configuration also
provides for regular heating across the whole upper
service plane of the hot bench. The minimum tem-
perature gradient across the surface and thickness of
the bench is ensured thanks to a very good heating
contact between the serpentine copper tube, heater
and plate. In the lower part of the hot bench, and in
order to provide thermal isolation with the vacuum
chamber casing, four thermal 50 mm-high feet were
used.

To maintain the hot bench temperature over
the range of +1°C, a two-channel thermostat type
TPM-202 is provided. It is able to ensure the op-
eration in both heating and cooling modes. Heat is
mainly transferred from the bench to the telescope
parts to be tested due to their heat conductivity prop-
erties. The temperature of the instrument under test
is controlled in different controlled points with the use
of specially designed and calibrated chromel-alumel
thermocouples.

The thermal and vacuum tests of the SIDRA in-
strument breadboard model were carried out with a
pressure of P=2...8x10~° Torr. This value depends
on the rate of heating or cooling applied to the in-
strument. Vacuum condition was provided with the
use of a high-pressure vacuum part and magnetic-
discharge high-vacuum pump type HOPI-250.

The performance of the instrument model was
tested under the following conditions: 1) constant
temperature of the hot bench, maintained with the



use of a cooling agent; 2) heating the hot bench up
to +50°C; 3) slow cooling the hot bench down to
-34°C.

Fig.2. Location of the thermocouple on the Xilinx
Spartan 8 XC351500 FGPA in the GR-XC85-1500
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Fig.3. Temperature distribution under high-vacuum
conditions, at constant hot bench temperature

Prior to start the tests, special temperature-sensing
elements were set in different points of the instru-
ment— calibrated thermocouples made of chromel-
alumel alloys: T1 — on the hot bench surface; T2 —
on the surface of Xilinx Spartan 3 XC3S51500 FGPA;
T3 — on the surface of radiator DC-DC of secondary
power board converters; T4 — close to the signal ana-
log processing module from the inner side of the in-
strument case. In Fig. 2, the setup of the tests and
how the thermocouple is fixed to the surface of the
Xilinx Spartan 3 XC3S1500 FGPA using a special
galvanized-iron shaped bracket, is shown.

During the initial stage a water coolant with a
controllable flow rate was used. The hot bench
temperature was maintained constant and equal to
T~21°C during the 100-minute period of the exper-
iment. Fig.3 illustrates the distribution of the tem-
perature values over the range of values indicated by
4 temperature-sensitive elements. 90...100 minutes

after the experiment began the FPGA surface tem-
perature reached ~53°C and underwent no further
practical changes. While the temperature on the
FPGA surface made ~40°C under laboratory and
atmospheric pressure conditions, the temperature in-
creased by AT=13°C under vacuum conditions, at
constant hot bench temperature and under condition
of no convection and external heat radiators.

During the second stage of the experiment the hot
bench was first heated up to +40°C and was held in
this conditions for 140 minutes. From t~40 minutes
on, almost a complete thermal stabilization occurred
(Fig.4). The vacuum level reached ~7x1075 Torr.
Under those conditions the adhesive matter of the
printed circuit boards and cable network started to
outgassing. The temperature on the FPGA sur-
face attained the level of ~66°C. In Fig.4 the hor-
izontal dashed-dot line denotes at T=85°C the up-
per temperature limit of the FPGA serviceability.
Next, at 160...220 minutes since the experiment was
started the hot bench temperature rose to the value
of +50°C.
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Fig.4. Temperature distribution under high-vacuum
conditions, with hot bench being heated up to +40
and +50°C

The FPGA surface temperature attained the value
of +72°C, while the remaining parts and modules of
the instrument almost reached the hot bench tem-
perature. At this final stage the difference between
the hot bench temperature, and FPGA surface was
AT=22°C.

Fig. 5 presents the temperature pattern distribu-
tion when the hot bench was cooled with the use of
liquid nitrogen vapors during a period of 170 minutes.
The cooling system was disconnected on minute 171,
and the heat was transferred from the vacuum cham-
ber outer walls to the inner walls till the end of the
experiment (minute 200). The residual atmosphere
pressure inside the chamber varied from 4.2x107° to
1.4x107° Torr under the lowest temperature condi-
tions. Despite the continuous decrease in hot bench
and boards temperature during the initial 60 minutes,
the FPGA surface temperature kept growing to at-
tain the value of T=42°C in minutes 50...60. All the
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instrument’s modules attained the negative temper-
ature of T—=-34°C, but the FPGA surface that was
still positive, T=12°C.
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Fig.5. Temperature distribution under high-vacuum
conditions, with hot bench being cooled down to -84°C

The breadboard model of the SIDRA instrument
demonstrated its serviceability under high vacuum
conditions with hot bench temperature going down to
-34 and up to +50°C. At the same time, the installa-
tion of the heat-eliminating radiator on the surface of
DC-DC converters of the secondary power board was
proved correct and there was found necessary that a
similar radiator be installed on the FPGA surface.

4. MEASUREMENTS OF
ELECTROMAGNETIC
INTERFERENCE GENERATED BY
INSTRUMENT BREADBOARD
MODEL IN POWER CIRCUITS

When functioning as part of the satellite, scientific
equipment should remain stable to the effects of the
electromagnetic interference generated by some other
scientific devices and satellite servicing systems and,
simultaneously, should not cause any harmful influ-
ence on them. For this reasons it is necessary to con-
duct the electromagnetic compatibility (EMC) tests.
The permissible interference levels should be set in
the technical documents pertaining to the equipment.
The tests should be conducted at the stage of the
models development and manufacture to prove the
correctness of schematic solutions.

One of the types of electromagnetic effects is the
conducted interference in power circuits. The impact
of this interference depends on different factors such
as the choice of circuitry, the application of struc-
tural and circuit designs in the form of electric and
magnetic screens, the use of electric filters, the pro-
tective grounding and the optimum electric circuit
routing. To assess the engineering solution that we
adopted, there were made prior measurements of the
levels of inductive interference which are generated
by the instrument model in the primary power cir-
cuit. To avoid the voltage and magnetic interferences
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produced by the electric network (U=220 V and fre-
quency =50 Hz), two storage batteries, having total
potential difference of U=25.5 V were used to supply
power to the SIDRA instrument model. Fig. 6 shows
the measurement unit circuit.
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Fig.6. Block scheme of the experiment used to mea-
sure the levels of conducted interference generated by
SIDRA instrument in primary power circuits

Noise levels were measured with the use of micro-
voltmeter B3-57 with a frequency range between 5 Hz
to 9 MHz and a Polish-production selective microvolt-
meter WMS-4, operating in the frequency range from
30 to 300 MHz.

In order to control the serviceability of the instru-
ment model, imitate the passage of particles through
the detector system, enable the reception of digital
signals by the monitoring computer and observation
of analog signals, different instrumentation was used.
Among them a Tektronix TDS 2012 oscilloscope, a
Tektronix AFG 310 arbitrary-shape signal genera-
tor and an Acer-Ferrari 3400 portable personal com-
puter. With the microvoltmeter B3-57, the measure-
ments were made in two ranges Afl=>5 Hz...50 kHz,
and Af2=5 Hz...9 MHz. In Fig.7 the experimental
equipment used to measure conducted interference
levels is shown.

Table 1. Peak values of conducted interference in
high-frequency range, generated by SIDRA
instrument breadboard model in primary power

circuits

Number of Borders of Value of
subrange | subrange, MHz | interference, uV

1 30...35 20

2 35...50 14

3 50...99 20

4 100...109 36

5 110...300 17

According to the measured results, the values of
effective conducted interference U.; generated by
the SIDRA instrument in primary power circuit
U=25.5 V, were as follows: Uy ~700 1V in the first
frequency range and Uy ~121 1V in each arbitrary
subrange Af=50 kHz of general range Af2. Table 1
presents the results of measurements of conducted
interference peak values Upcqr in the high-frequency
range thanks to the use of selective microvoltmeter
WMS-4. The peak level of the interference values



generated in the 4" frequency subrange is somewhat
higher than in the neighboring subranges. However,
all measured values are sufficiently low, as compared
to the relevant standard requirements. The measure-

ments that were made over the range of frequencies
from 5 Hz to 300 MHz demonstrated the correctness
of choice of the elemental composition and arrange-
ment of the instrument secondary power module.

Fig.7. Experimental equipment used to measure the conducted interference levels

CONCLUSIONS

In this work the results of the calibration of the
SIDRA instrument breadboard model with charged
particles accelerated in a cyclotron accelerator of
medium-energy nucleons and derived from radioac-
tive isotopes, have been described. The results prove
the linearity of the telescopic system detectors re-
sponse and also the linearity of the analog signal
processing channels. These methods can be used to
assess the sensitivity of analog signal processing chan-
nels at a chosen gain coefficient, as well as to find the
maximum values of full absorption energies, based on
the preliminary measurement of the dynamic range of
operation of the sample and hold circuit with the help
of test signals.

Thermal and vacuum testing of the instrument
laboratory model demonstrated its serviceability un-
der condition of heating the model-mounting plat-
form up to +50°C, as well as its cooling down to
-34°C. At the same time, we realized that a heat-
eliminating radiator should be installed on the sur-
face of the Xilinx Spartan III FPGA, operating under
high-vacuum conditions. The electromagnetic com-
patibility tests demonstrated a moderate level of
radio-frequency interference in the frequency range
5 Hz=-300 MHz, which were generated by the SIDRA
instrument breadboard model in the vehicle-borne
primary power circuits, thus proving the correctness
of choosing filtrer circuits for the electrical network
of the instrument secondary power module.
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PE3VJIBTATHI IIEPBBIX UCIBITAHII JIABOPATOPHOI'O MAKETA
CIIYTHUKOBOTI'O ITPUBOPA SIDRA

A.B. /lyonux, E.B. Kypbamos, A.M. Asunaos, M. IIpemo, C. Canuwesd, A.B. Cnacckut,
K.TI. Tumos, A. Cuaveecmep, III. I'6ypex, II. Ilodeypcru

[IpencraBieHbl pe3yIbTATH IPAlyHPOBKU TBEPIOTEIbHDBIX JETEKTOPOB U 3JIEKTPOHHBIX KaHAJIOB J1abopaTop-
HOI'O MaKeTa CI[yTHUKOBOI'O CIEKTPOMETPA-TEJIECKOIA 3HEPIUYHBIX 3apsizkeHHbIX dactull SIDRA. Onuceia-
FOTCsT HJIOK-CXEMBI U IKCIIEPUMEHTAJIbHOE 000PYI0BAHUE JJIsT TPOBEIEHUS TEILIOBAKYYMHBIX UCIIBITAHUN Y3108
U MOJLyJIel KOMIIAKTHOM CIly THUKOBOM AIAPATYPhI U JIJIsl OCYIIECTBICHUs UCIILITAHUI HAY YHBIX TPUOOPOB Ha
JIEKTPOMATHUTHYIO COBMECTHUMOCTE. OOCYKIAIOTCS PE3Y/IbTAThl M3MEPEHHBIX TEILIOBBIX PEXKUMOB PabOThHI
KPUTHUYIECKUX Y3JIOB MOJIyJIeil aHAJIOroBON u 1udpoBoit obpaboTok curaasos mpororurna mpubopa SIDRA.
Haxkowner, npejicraB/ieHbl yPpOBHU KOH/IYKTHBHBIX IIOMEX, CO3/aBAE€MbIX MAKETOM IIPHOOPA B IEISIX IIEPBUIHOTO
GOPTOBOIO MUTAHUSI.

PE3VJIBTATU IIEPIINX BUIIPOBYBAHD JIABOPATOPHOT'O MAKETY
CYIIVTHUKOBOTIO IIPUJIA/LY SIDRA

O.B. /Iyonux, €.B. Kypbamos, A.M. Asinos, M. IIpemo, C. Canues, A.B. Cnacvrudi,
K.TI. Timos, . Ciaveecmep, L. I'6ypex, II. Ilodzypcxki

[IpencrasieHo pe3yabraTu rpaIyIOBaHHS TBEPAOTUIHHUX JETEKTOPIB 1 €JIEKTPOHHUX KAHAJIB JIabOpaTOPHOTO
MaKeTy CYIIyTHUKOBOI'O CIIEKTPOMETPY-TEJIECKOIy eHeprifianx 3apskennx dactuaok SIDRA. Onucyrorbes
6JI0K-CXeMH 1 eKcriepuMeHTaIbHe O0JIaITHAHHS [ 3/IiMCHEHHS TEIJIOBAKYyMHUX BUIIPOOYBaHb BY3JIiB 1 MO-
JIyJIiB KOMIAKTHOI CYIIyTHUKOBOI arapaTypu Ta JJis IPOBEJEHHS BUIIPOOYBaHb HAYKOBUX IIPUJIAJIIB HA €JIeK-
TpPOMar#iTHy cyMicHicTb. OOroBOPIOIOTHCSI PE3YJIBTATH BHUMIPSHUX TEILIOBUX PEXKUMIB POOOTH KPUTUIHUX
BY3JIiB MOJLYJIiB aHAI0roBOI 1 1udpoBol 06pobku curnais npororuiy npuiany SIDRA. Hapermrri, npeacras-
JieHl piBHI KOHIyKTUBHUX 3aBa/I, II[0 CTBOPIOE MAKET IIPHUJIALY B JIAHIIIOTaX IEPBUHHOIO GOPTOBOTO YKUBJIEHHS.
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