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The IVth International seminar on scientific
space instrumentation manufacturing was held in
Frunze in September 1989. The . Seminar was
initiated by the Space Research Institute, USSR
Academy of Sciences, and by the INTERCOSMOS
Council, USSR Academy of Sciences.

More than 200 specialists from the USSR and
other countries (including - for the first time -
capitalist countries) participated in the
Seminar.

These ' Proceedings include papers submitted
to the Program Committee by the time the
preparation of seminar materials for publication
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METHODS AND FACILITIES FOR MEASURING THE PARAMETERS
OF MICROCHANNEL SECONDARY MULTIPLIERS USED TO RECORD
"PACE PLASMA CHARGED PARTICLES ,

’.V.Apanasovich, Ye.V.Novikov, E.A.Platov, V.A.Chudovskii,
A.E.Skvortsov, S.M.Sheronova, N.M.Shutte ‘

The secondary electron multipliers (SEM) on micrdchannel plate
basis (MCP) are widely used as sensitive detectors in the in-
struments intended for space studies [1-3]. It is essential
that these instruments should be preliminarily tested to ob-
tain reliable data on their main performance characteristics,
to choose optimal operation modes, to predict whether long fun-
ctioning of the detectors is reliable, and to develop technic-
al requirements to the electronic instrumentation.

These problems can be solved with the help of an automated sys-
tem for-comprehensive studies of the MCP structures, whlch con-
sists of a vacuum chamber w1th a.sample shift devxce, a. ‘source
"of charged particles, a device for control intensity of charg-
ed particle fluxes; equipment for preliminary formation and
conversion of the MCP output signals, and facilities for record-
ing and analyzing the converted statistical amplitudé and time
characterlstlcs of the MCP output pulses (see Flg.1). |

The facilities for measuring stat1st1cal MCP output characterls-
tics comprise two autonomous multipurpose systems [4,5]: 1) for
amplitude and pulse duration analysis and 2), for analysis of

" time intervals between pulses. Coordinated interaction of these
systems is provided by.,a common control computer (DVK-3).
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Fig.1

The first system allows recording and analyzing the amplitude
and pulse duration statistical distributions at a given level

of small-amplitude nanosecond-signals of the regular and random
fluxes over eight channels. The dynamic range of signal ampli-
tudes is 5mvV-5V (404B) and can be broadened to 50V (60dB) by
changing the gain of the input signal amplifiers. The time rang‘
corresponds to 2 - 30ns. If the total intensity of a recorded
signal does not exceed 5+10° pulses/s over all eight channels
the losses are about 0.3%. |

‘At higher intensities the system operates in the "rarefaction®
mode blocking at the input so that the total frequency did not
exceed 0.5 MHz. The results of measurements can be formatted as
distribution histograms of the main statistical characteristics
(means, standard deviations, confidence limits, etc.) at the

control computer outputs.

. The structural diagram of the data-measurement system (WWUC) for
recording and analyzing the output pulse amplitude characteris-

tics is given in Fig.2.
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The WAC includes the input signal amplifiers YI-Y8, pulse para-
meter converters ﬂﬂH14ﬂﬂH8;_analog maltiplexers M1, M2, high-
speéd.B-bit,analég—to4digita1 converters. AlNt, AUM2 on the mi-
crocircuit 1107MB2; buffer main memory 03Y2 with 13-bit-word-
capacity of 4K; standard amplitude pulse former (®1); control
device YY and system-to-computer interface. The.computer accumu-
lates,makes processing and displays the results of measurements.

The MMNW1-NNUB are the main transforming devices of the MHC,they;
feature a pulse gating circuit CM at the measurement cdircuit in-~
put; a diode-capacitive analog memory 03Y (for input signal am-
plitudes); a tracking threshold device Cny with a coaxial delay
line N3 at the input, a time-to-amplitude converter ﬁBA, an
analog correction circuit CAK of the input amplitude va}ue ac-
cording to the results of signal duration measurement. The HWUC
{s'equipped witﬁ'a ciréuit of analog-to-digital stabilization
of the converting channel parameters, which énvisages algorith-
‘mic correction for the systematic components of measurement er-

rors.
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The WWC experimental studies showed that the maximum error of
amplitude measurements are +3.5%, of time measurements +5.5%,
the ﬁempérature instabilities of total errors -are 0.04% and

0.08%, respectively.

The system for recording the time (CPB) parameters of random
signal fluxes is designed to measure the integral intensity

of a flux and to statistically distribute the duration of time'
'interQals between individual pulses [6]. The range of measure-
ments is 20ns-0.1lmcs, the sampling interval changes from 20ns
to 10,24ps. The results of measurements are sent to the control

computer.

The CPB (structural didgram is given in Fig.3) consists of a

time reference circuit cBn, a puisé selector-distributor CP, a
time range settiﬁg circuit C3Bl, a time master oscillator B3l,
a sampling interval settiné circuit C3WH, a time interval meter

MBU of direct pulse counting type and ratemeter H.

Aécording to the methodology of experiments and processing of
their results, the software of the systems of the MCP-ocutput
signals provides the estimates of gains,time'énd amﬁlitude resolu
tions of detectors studied and their dead time, as well as mea-
surement of the dependenées of these parameters on the operation

time and conditions.
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Fig.4

Figs.4-7 illustrate the results of measuring the distribution
of pulse amplitudes from the MCP output and those of :their dura-
tion. It is seen that with the increase in thé-intensitf of inf
put signals, the intensity of output signéls (cohnting rate} in<
créases concutréntly with the decreasing‘amplitudes of these

signals. Pulse duration ranges vary from 2 ns to 5 ns, '

Since the data on the random electron flux parameters ‘at the
MCP cntput, needed to reliably match the sensitive element with
‘the reéording electronics, and to better understand the results

of measurements, can be obtained from cumbersome experimental
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studiés, an MCP funétioning simulation modelrwas developed and
implemented, that makes it possible to reproduce the processes
occurring in onebchaﬁnel of MCP after an electron reaches it.
This model describes electron arrival at the MCP input,‘forﬁa~
tion of secondary eléctrons, motion of secondary electrons in
the accelerating field, formatidn of an output signal, etc. The
model makes it possible to obtain the output signal shape,the
amplitude, energetic and angular distributions of electron flux:
es, which characterize the detector output signal. The main
-parameters which can be changed in modeling. are voltage on the
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distribution

laws for knocked-out electrons, their energy and angle of escape.
‘of the measurement results and model

A comparison

o«

plate, channel size, energy and angle of incidence of an incom-
The model was used to carry out statistical experiments on stu-

and dynamics of aﬁplitude distributions of the output'signals,

presentations showed that they agrée well both in the character
and in their angilar distributions.

dying the effect of MCP parameters on the output signal ,charac-

ing eléctron, secondéiy emission character; gaih,

teristics.
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According to the model stuéies the amplitude and angular dist-
ributions of electrons are enlarged as the MCP voltage grows;
the maximum of angular distribution shifts towards large an:
éles. Here the eneréy distribution of electrons also changes.
It is characterized by an increase in dispersion with a steady]

maximum of density distribution near 20eV.

Figures 8 and 9 illustrate the calculated energy and angular
distributions for three values of MCP-voltage with the 1mm

'iehqth of the channel and 25mm in diameter.
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The rasults of modeling (Fig.8) show that the energy maximum
of running away electrons ranges from 20 to 30eV thaf is in
good agreement with the axperimental Adata qiven_in (7). The
change in angular distribution can be explained by the fact
that with increasing MCP-voltage the number of electrons,runn-

ing away from the region immediately adjacent to the channel
end, grows.

S0 a set of methodolegical investigations and instruments has

been developed that allows reliable recording and studying the
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MCP signal output characteristics. The experimental data in com-
bination with the model studies gives a better idea of the phy-
sical aspects of MCP operation and make it possible Eo accurate-~’
ly discriminate the effect of the MCP itself and of ﬁhe measure-
ment system on the ocutput signal, i.é.»to make measurements and
analysis much more reliable.
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- METOAblI U CPEACTBA WM3MEPEHHWSI MAPAMETPOB
MHKPOKAHAJIbHBIX B3Y, HWCMOJIb3YEMbIX AJit PETUCTPALIMH
3APSKEHHBIX YACTHMLL KOCMHYECKOH MMJIASMb}

B.A.Uynosckuit, E.B.Hosukos, B.B.AnanacoBuy
Benopycckuit  rocyaapcTBeHHBIl YHHBEPCHTET

H.M.lIiotre, C.M.llleponora, A.3.Ckpopuos

Hucturyr kocmuuecknx wuccneposauun AH CCCP

3.A.Tnatos
3asop "T'paw”, CCCP

[llupokoe HCNONB30BaHHE BTOPUYHBIX 3JEKTPOHHBIX YMHOXHTEJEH
(B9Y) ma ocuope mukpokanasbHpix miaactu (MKII) B xauecTBe uyBCT-
BHTEJbHLIX [ETEKTOPOB B pa3NH4YHON anmaparype KOCMHYECKOro Ha-



