ISSN 2518-1467 (Online),
ISSN 1991-3494 (Print)

KA3AKCTAH PECITYBJIMKACKI
YJITTBIK FhUIBIM AKAJIEMUSCHIHBIH

XABAPIDbI ChbI

BECTHUK

HAILIMOHAJIBHOM AKAJIEMUM HAYK
PECITYBJIMKU KA3SAXCTAH

THE BULLETIN

OF THE NATIONAL ACADEMY OF SCIENCES
OF THE REPUBLIC OF KAZAKHSTAN

1944 XXbIJIJAH HIbIFA BACTAFAH
N3JAETCH C 1944 TOIA
PUBLISHED SINCE 1944

AJIMATBI
AJIMATBI
ALMATY

2018

JULY
HIOJIb
HIUIAE



2 Clarivate

Analytics

NAS RK s pleased to announce that Bulletin of NAS RK scientific journal has been
accepted for indexing in the Emerging Sources Citation Index, a new edition of Web of Science.
Content in this index is under consideration by Clarivate Analytics to be accepted in the Science
Citation Index Expanded, the Social Sciences Citation Index, and the Arts & Humanities Citation
Index. The quality and depth of content Web of Science offers to researchers, authors,
publishers, and institutions sets it apart from other research databases. The inclusion of Bulletin
of NAS RK in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential multidiscipline content to our community.

Kasakcman Pecnybnukacbkl ¥nmmabiK fbiibiM akademusicbl "KP YFA XabapwbiCbl” fbiibIMU XKypHa-
nbiHeiH Web of Science-miH xaHanaHraH Hyckacbl Emerging Sources Citation Index-me uHOekcmeryee
KabblindaHraHbiH xabapnaliobl. byn uHOekcmery 6apbicbiHOa Clarivate Analytics KomnaHUsICbi XypHanobl
o0aH opi the Science Citation Index Expanded, the Social Sciences Citation Index xoHe the Arts &
Humanities Citation Index-ke kabbinday mecerneciH Kapacmbipyda. Web of Science sepmmeyuwinep,
asmopnap, bacnawbinap MeH MeKkemesiepee KOHMeHm mepeHdiai MeH canacbiH ycbiHaobl. KP ¥FA
XabapwebicbiHbiH Emerging Sources Citation Index-ke eHyi 6i30iH KoramMOacmbiK YWiH eH e3eKmi oHe
6edendi mynbmuducyunnuHapibl KOHMeHmke adasndbifbiMbi30bl 6indipedi.

HAH PK coobwaem, ymo Hay4Hbll xypHan «BecmHuk HAH PK» 6b1n npuHsam 0nsi uH0ekcuposaHusi
e Emerging Sources Citation Index, obHoeneHHol sepcuu Web of Science. CodepxxaHue 8 3mom UHOeK-
cuposaHuu Haxodumcsi 8 cmaduu paccmompeHusi komrnaHuel Clarivate Analytics 0ns OanbHelwezo
npuHamus xypHana e the Science Citation Index Expanded, the Social Sciences Citation Index u the Arts
& Humanities Citation Index. Web of Science npednacaem kauyecmeo u 2aiybuHy KOHmMeHma Orns
uccnedoeamenel, asmopos, usdamenel u y4pexdeHul. BknoueHue BecmHuka HAH PK e Emerging
Sources Citation Index demoHCcmpupyem Hawy [pPUBEPXKEHHOCMb K Hauboree akmyarnbHOMY U
enusimesisHoMy MynbmuducyuniuHapHoOMy KOHmeHmy 0515 Hauea2o coobuwecmea.



bac penakTtops

X. F. 1., ipod., KP ¥FA akagemuri
M. K. KypbiHoB

Pengaxunus axkachl:

Aobmues P.II. mpod. (Peceit)

AoumeB MLE. npod., xkopp.-mymieci (Kazakcran)
AspamoB K.B. npod. (Ykpauna)

Amnmnens FOpren npod. (I'epmanus)

Baiimykanos /I.A. pod., kopp.-mymeci (Kazakcran)
BaiinakoB K.M. nipod., akagemuk (Kazakcran)
Baiitymun U.0. npod., akagemuk (Kazakcran)
Banac Uozed npod. (ITonbima)

Bepcumbaes P.U. npod., akagemuk (Kazakcran)
Beanxos E.IL. mpo¢., PFA akanemuri (Peceit)
Tamuam3age ®@. npod., akagemuk (O3ipbaiikan)
TI'onuapyk B.B. npod., akagemuk (YkpanHa)
HasaeroB A.E. nmpod., kopp.-mymreci (Kazakcran)
Jxpoéamsin P.T. npod., akanemuk (ApMeHuUs)
Kanumouapnaes MLH. npod., akagemuk (Kazakcran), 6ac pen. opbiHOacapsl
JlaBepoB HL.II. mpoo., akanemux PAH (Poccus)
Jlynamky ®. mpo., kopp.-myureci (Mongosa)
Moxna Xacan Cesamat nipod. (Manaiizus)
MpeipxaasikoB K. Y. mpod., akanemuk (Kazakctan)
HoBaxk U3a6eana npod. (ITonpma)

Oraps H.IIL. nipod., xopp.-mymeci (Kazakcran)
Monemyk O.X. mpod. (Peceit)

IMonsieB A.U. npod. (Peceit)

Carusin A.C. npod., akageMuk (ApMeHwHsI)
Cary6aagun C.C. mpoo., akagemuk (Kasakcran)
Tatkeena I'.I'. mpod., kopp.-mymieci (Kazakcran)
YmberaeB U. npod., akanemuk (Kazakcran)
Xpunysos I'.C. npod. (YkpauHna)

Knnam6aes 10.A. npod., PFA kopp-mymeci (Peceit)
SAxyoosa M.M. nipod., akanemuk (ToxikcTaH)

«Ka3zakcran Pecny0nkachl YITTBIK FhUIBIM aKaJeMHUSCHIHBIH Xa0apuibIChD.

ISSN 2518-1467 (Online),

ISSN 1991-3494 (Print)

Menmrikrenytmi: «Ka3akcran PecyOnukachiHbIH Y ITTHIK FRUTBIM akagaeMuscbi»PKB (AnMartsr K.)

Kazakcran pecnmyOnukaceiHBIH MoIeHHET TI€H akKmapaT MHHHCTDIITIHIH AKIapaT >KOHE MyparaT KOMHTETiHIE
01.06.2006 x. 6epinren Ne5S551-7K mep3iMIik 6achUTBIM TipKeyiHE KOMBLTY Typalbl Kyollik

Mep3iMzimiri: )KeIIbIHA 6 peT.
Tupaxsr: 2000 gaHa.

Penakuusueig Mmekermxaiibl: 050010, Anmartsl K., IlleBuenko keur., 28, 219 6ei., 220, ten.: 272-13-19, 272-13-18,
www: nauka-nanrk.kz, bulletin-science.kz

© Kazakcran PecrryOnmukachiHBIH ¥ ATTHIK FRUIBIM akaneMusichbl, 2018

TunorpadusHsig Mekerkaiibl: «Apyna» XK, Anmarsr k., Myparbaesa kerr., 75.

— 3 —



FmaBHBIE penakTop

I. X. H., mpo¢. akanemuk HAH PK
M. K. Kypunosn

PengaknuoHHas KOJNJIET U :

Aomues P.II. npod. (Poccust)

AoumeB MLE. npod., uren-kopp. (Kazaxcran)
AspamoB K.B. npod. (Ykpauna)

Amnmnens FOpren npod. (I'epmanus)

Baiimykanos . A. ipod., wi.-kopp. (Kasaxcran)
Baiinaxos K.M. mpod., akanemuk (Kasaxcran)
Baiitymun U.0. npod., akagemuk (Kazaxcran)
Banac Uozed npod. (ITonpma)

Bepcumbaes P.U. npod., akagemuk (Kazaxcran)
Beanxos E.IL. mpog., akanemuk PAH (Poccus)
Tamuamsane ®@. npod., akanemuk (Azepbaiikan)
TI'onuapyk B.B. npod., akagemuk (YkpanHa)
HdasaeroB A.E. npod., un.-kopp. (Kazaxcran)
Jxpoéamsin P.T. npod., akanemuk (ApMeHHs)
Kanmumoanaes M.H. akanemuk (Kazaxcran), 3am. TJI. pe/I.
JlaBepoB HL.IL. mpod., akanemux PAH (Poccus)
Jlynamky ®. mpod., wi.-xopp. (Mosgosa)

Moxna Xacan Cesamat nipod. (Manaiizus)
Mpeipxaasikos K.Y. nmpoo., akanemux (Kazaxcran)
Hosaxk U3a6enna npod. (ITonpma)

Oraps H.IIL. nipod., un.-kopp. (Kazaxcran)
Moaemyxk O.X. nmpod. (Poccus)

IonsieB A.U. npod. (Poccust)

Carusn A.C. npod., akageMuk (ApMeHwHs)
Caryo6aagun C.C. npoo., akagemuk (Kazaxcran)
Tatkeena I'.I'. mpod., wi.-kopp. (Kazaxcran)
YmbetaeB U. npod., akanemuk (Kazaxcran)
Xpunysos I'.C. npod. (YkpanHna)

Knnam6aes 10.A. npod., wieH-kopp. PAH (Poccus)
SAxyoosa M.M. nipod., akagemuk (TamKUKUCTaH)

«BectHuk HanmonanbHoii akagemun Hayk PecnyOaukn Kazaxcran».

ISSN 2518-1467 (Online),

ISSN 1991-3494 (Print)

Coo6ctBennuk: POO «Haunonansnas akanemust Hayk PecrryOnuku Kazaxcramy» (r. AiaMarsr)

CBHUETENHCTBO O TIOCTAHOBKE Ha YYET MEPHUOAMYECKOro IedaTHoro nigaanus B Komurere nndopmanum 1 apxmuBoB
MunucrepcTBa KyabTypsl 1 uH(Gopmanuu Pecriy6onuku Kazaxcran Ne5551-7K, Beinannoe 01.06.2006 r.

[TepuoguvaHOCTH: 6 pa3 B TO1
Tupax: 2000 >x3eMIuIIpOB

Anpec pepaxkiuu: 050010, r. Anmatel, yi. [lleBuenko, 28, koM. 219, 220, ten. 272-13-19, 272-13-18.
www: nauka-nanrk.kz, bulletin-science.kz

© HammonansHas akagemus Hayk Pecyonuku Kazaxcran, 2018

Anpec Tunorpadun: UIT «Apyna», r. Anmarsl, yi. Mypar6aesa, 75

— 4 —



Editor in chief

doctor of chemistry, professor, academician of NAS RK
M. Zh. Zhurinov

Editorial board:

Abiyev R.Sh. prof. (Russia)

Abishev M.Ye. prof., corr. member. (Kazakhstan)
Avramov K.V. prof. (Ukraine)

Appel Jurgen, prof. (Germany)

Baimukanov D.A. prof., corr. member. (Kazakhstan)
Baipakov K.M. prof., academician (Kazakhstan)
Baitullin 1.0. prof., academician (Kazakhstan)
Joseph Banas, prof. (Poland)

Bersimbayev R.I. prof., academician (Kazakhstan)
Velikhov Ye.P. prof., academician of RAS (Russia)
Gashimzade F. prof., academician (  Azerbaijan)
Goncharuk V.V. prof., academician (Ukraine)
Davletov A.Ye. prof., corr. member. (Kazakhstan)
Dzhrbashian R.T. prof., academician (Armenia)
Kalimoldayev M.N. prof., academician (Kazakhstan), deputy editor in chief
Laverov N.P. prof., academician of RAS (Russia)
Lupashku F. prof., corr. member. (Moldova)

Mohd Hassan Selamat, prof. (Malaysia)
Myrkhalykov Zh.U. prof., academician (Kazakhstan)
Nowak Isabella, prof. (Poland)

Ogar N.P. prof., corr. member. (Kazakhstan)
Poleshchuk O.Kh. prof. (Russia)

Ponyaev A.IL prof. (Russia)

Sagiyan A.S. prof., academician (Armenia)
Satubaldin S.S. prof., academician (Kazakhstan)
Tatkeyeva G.G. prof., corr. member. (Kazakhstan)
Umbetayev I. prof., academician (Kazakhstan)
Khripunov G.S. prof. (Ukraine)

Yuldashbayev Y.A., prof. corresponding member of RAS (Russia)
Yakubova M.M. prof., academician (Tadjikistan)

Bulletin of the National Academy of Sciences of the Republic of Kazakhstan.

ISSN 2518-1467 (Online),

ISSN 1991-3494 (Print)

Owner: RPA "National Academy of Sciences of the Republic of Kazakhstan" (Almaty)

The certificate of registration of a periodic printed publication in the Committee of Information and Archives of the
Ministry of Culture and Information of the Republic of Kazakhstan N 5551-K, issued 01.06.2006

Periodicity: 6 times a year
Circulation: 2000 copies

Editorial address: 28, Shevchenko str., of. 219, 220, Almaty, 050010, tel. 272-13-19, 272-13-18,
http://nauka-nanrk.kz /, http://bulletin-science.kz

© National Academy of Sciences of the Republic of Kazakhstan, 2018

Address of printing house: ST "Aruna", 75, Muratbayev str, Almaty

— 5 —



ISSN 1991-3494 Ne 4.2018

BULLETIN OF NATIONAL ACADEMY OF SCIENCES
OF THE REPUBLIC OF KAZAKHSTAN

ISSN 1991-3494
Volume 4, Number 374 (2018), 23 —28

UDC 621.039.564.

R. A. Muminov', A. K. Saymbetovz, N. M. Japashovz,
Yo. K. Toshmurodov', S. A. Radzhapov', N. B. Kuttybay’, M. K. Nurgaliyev’

1Physico—Technical Institute of the Academy of Sciences of Uzbekistan, Uzbekistan,
*Al-Farabi Kazakh National University, Almaty, Kazakhstan.
E- mail: nursultan.dzhapashov@gmail.com

HIGH-SENSING DETECTING SYSTEMS
FOR X-ray FLUORESCENCE SPECTROMETER

Abstract. In this paper, the characteristics of the signal produced by the action of X-ray radiation on silicon
detectors are considered. The electronic scheme of a detection system based on a silicon-lithium p-i-n detector for an
X-ray fluorescence spectrometer is proposed. To extract the signal from the detector, a charge sensitive preamplifier
was designed on the basis of an operational amplifier. The charge sensitive preamplifier is fully compatible with the
Si (Li) strip detector operating in the signal frequency range close to 12.5 MHz. Also, the calculation of the signal
frequencies of the detector is proposed, taking into account the size of the detector and stripe contacts. The resulted
electronics and calculations are useful for manufacturing of an industrial detecting system based on Si (Li) detectors.

Keywords: detector electronics; filters, signal generation in silicon detectors.

Introduction. Nowadays, the mining and metallurgical complex is one of the basic parts of indus-
tries. In the modern world, analyzers that determine the chemical composition of a substance are widely
used in mining and metallurgical industries. X-ray fluorescent system has a number of advantages among
the analyzers of elemental composition. These include simplicity of analysis and sample preparation, the
possibility of conducting both qualitative and quantitative analysis, a short analysis time, the definition of
a wide range of elements and ranges of their concentrations. Special mention should be made of the
advantage of the X-ray fluorescent method of analysis, such as the rapid analysis of petrogenic elements
(Si, Al, Ca, Mg, S etc.). Therefore, improving the sensitivity of devices receiving data on useful minerals
is one of the main priorities of instrumentation. An important part of the spectrometer is the sensitivity of
the detector and the high stability of the output signals in spectrometers. Such systems based on semicon-
ductor detectors are widely used by X-ray fluorescence spectrometers to determine the real composition of
geological samples [1, 2]. Compared to other similar detectors, silicon-lithium detectors have the follo-
wing advantages: high energy resolution; linearity of signals over a wide range of energies for particles of
different types; lack of sensitivity to magnetic fields; stability and small overall dimensions [3-12].
Despite the fact that such systems were invented and put into operation for a long time, the versatility of
using different types of silicon detectors makes them relevant for development and research to date.

For the successful operation of detection systems, it is very important to construct suitable elec-
tronics, since detection of signals using silicon band detectors is complex. This is due to the following
characteristics of the detectors: small multichannel signals, pending intelligent electronics for signal
detection (high gain and noise suppression), leakage current (DC)

In [13-15], electronic parts of multichannel silicon detectors were considered. As the analysis of the
results of these studies shows, one of the important parts of the system is a filter for extracting signals
from the detector.

In this paper, it is proposed to calculate the charge amount, and to develop an electronic signal filter
for these detectors. The work is devoted to signal modeling and designing a charge sensitive preamplifier-
circuit based on an operational amplifier for X-ray fluorescence analyzer systems. As detector of the
system it was used Si (Li) detector.
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Methods and experiment. Development of Si (Li) p-i-n structures with a diameter of the sensitive
region of ~ 50-50 mm and a thickness of >1.5 mm is a technological challenge. In particular, it is
necessary to create a sufficiently extended, uniformly lithium compensated sensitive region. To obtain
these characteristics of a large-size silicon detectors, parameters such as temperature, diffusion annealing
time, voltage values, and drift conductivity are important. Detectors which obtained with this method with
an operating voltage U, = 100-500 V, at room temperature has a value of I = 0.5-1 pA, the value of the
dark current, and has an R = 5 kQ resistivity. The working area of the detector has metal contacts Au
(200 A).

To successfully reading of the detector signals, it is needed to create a suitable charge sensitive
preamplifier. For this purpose, a charge sensitive preamplifier was designed on the operational amplifier
which is shown in figure 1.

a
Preamplifier input

| | signal shape Preamplifier output

AC - couplin signal shape [\
Input from O e

Detector -
Detector bias ﬂl‘_o
Resistor z _I__ —'— Feedback Resistor
= Resistor
Detector ¢(3— |
biase Voltage
input 1
Feedback
Capasitor
b
R Ri(n)
————

————
—— —e5

Gi :
Ci&  Rg Re(n)
— —— o0 o0 0o I} —

Rad
\j

Figure 1 —
a — schematic diagram of the charge sensitive preamplifier based on the operational amplifier;
b — block diagram of the shaper with a single differentiation and n-fold integration.

The first stage of the circuit for the silicon detectors is a preamplifier designed to integrate the electric
charge received from the sensor and to amplify the voltage. This is the most important unit, because it
determines the overall sensitivity of the system. The preamplifier consists of an operational amplifier
configured as a charge sensitive amplifier. The charge sensitive amplifier uses a negative feedback
network with a capacitor and a resistor.

A high impedance for the preamplifier is used to bias the detector signal. The sensor is connected to
the input of the preamplifier via a coupling capacitor. This capacitor isolates the preamplifier input from
any DC bias that can lead to saturation, as well as from the leakage current of the sensor. Thus, a signal is
generated.

The charge sensitive amplifier and shaper, which includes the signal transmission lines between the
channel blocks, is exposed to various noise and interference. The total fluctuations of the signal in the
channel are made up of two components:

— fluctuations of the signal proper, arising during its formation,

— electrical noise of the channel circuit elements, independent of the signal.

—— 4 ——
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Fluctuations of the signal itself due to the probabilistic nature of the formation and collection of
electron-hole pairs in the silicon detector have a distribution close to the Poisson distribution, and its width
Nep 18 half the maximum value with sufficient accuracy:

Nep = 235*xVE xe* F Q8

where E is the energy loss in the detector, ¢ is the average energy of formation of one electron-hole pair in
silicon, F is the Fano factor equal to 0.12 for silicon.

Let us return to Fig. 1 and consider the operation of the channel from the bandpass filter. A short
current pulse produced by an ionized particle charges the capacitance of the detector Cd and the feedback
capacitance Ci= Cg,. This leads to a voltage jump at the output of the amplifier:

Q

AU = P )
where k is the loop gain of the preamplifier, Q is the charge in the detector. The rising edge AU is
determined by the time of charge collection, the speed of the preamplifier and its load, and the decay is
the type of the discharge circuit. In the discharge circuit of the feedback capacitance, a high-resistance
resistor is most often used (figure 1), less often a digit key [16]. The minimum possible preamplifier
front is determined by the acquisition time of the carriers. The mobility of electrons in silicon is
te = 1250 cm?/(Vs), for holes u, = 450 cm?/(V-c). The carrier velocity is v = p-Eg, where Eg is the electric
field strength. Obviously, the collection time depends on the thickness of the detector and is 10-
20 nanoseconds for the most common detectors with a detector thickness of 300-400 microns and an
operating voltage of -100V. The second factor is the input time constant of the charge sensitive amplifier
[17] tin = Cq4-R;, where the input resistance is:

_ Cin
Rin = & e
8m*Lfd

)

where g, is the steepness of the input stage, C;, is the input capacitance of the preamplifier. The input
resistance of the preamplifier is purely resistive and low impedance, so T, is usually comparable with the
time of collection of carriers. The main factor of speed, as experience shows, is the frequency band of the
preamplifier, determined from its first pole. Further shaping of the signal and its filtering from noise is
performed by the shaper.

The signal conditioning in time and noise filtering is performed by the shaper with the transfer
function K (S).

Let us consider in detail the types of shapers most often used for silicon detectors. Since the use of
silicon detectors in high-energy physics implies, as a rule, multichannel reading electronics and, as a
result, minimization of its size and consumption, the use of very complex shaping chains is not advisable.
Let us consider the most frequently used schemes of shapers. The most common type of shaper is the so-
called CR- (RC) " shaper. Its transfer function k (s) without taking into account the signal inverting by the
links of the shaper has the form:

S*Tg k n
k)i () “
where 14 is the time constant of differentiation, t; is the integration time constant, k is the amplification
factor compensating for the amplitude loss. Usually the shaper is implemented according to the scheme
shown in figure 1-b.

Results and discussion. Taking into account the above parameters, it is possible to estimate the total
capacitance of a detector with a reverse bias of Cr and an interband capacitance Cs and a volume
capacitance Cb [16]. The meaning of the experimental data of Cb is Cb = 300 pF [10]. Cs can be found
from this expression:

(2] (5)

cm

Co=2+(w+L) (0.03 +1.62 W“")

p

where L is the length, and w is the width of the bands, and p is the step. The total capacitance
Cr = Cb + Cs = 330 pF. The resistance of the metal electrodes is R = p L/w-t, where p = 2.44 uQ-cm is the
resistivity, t is the thickness, for this p-i-n detector R = 0.1 Q.
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From these calculations it can be said that radiation conditions and detector geometry play a key role
for the output signal of the detector, and the total working area of the detector determines the frequency of
the detector signals. For example, the current density in the bright detector field can be 0.1 nA/cm?, it
gives 160 ns between the events of electrons per cm” of the working region [18]. In our case, the active
working area is 40 mm x 5 mm = 2 cm’, so the electrons will affect on detection contact every 160/2 = 80 ns.
From the above calculations, we can say that the electronics of the proposed detector operates at a
frequency £ >1/80 ns or 12.5 MHz.

In order to the charge sensitive amplifier to act as a current integrator, the values of the feedback
resistor and the capacitor of the charge sensitive amplifier should be chosen so that the time constant
should be high. At the same time, the total input capacitance must be low to minimize noise, so the feed-
back capacity should be small. However, this value is set according to the capacitance of the sensor, and
therefore, must be large enough to minimize the cross-linking between contacts. On the other hand, to
minimize thermal noise, a high feedback resistance is required.

puls width 130 ns

b
LA

L=

Amplitude (Volts)
=
A

Time (micro sac)

Figure 2 — Voltage at the output from the shaper when the preamplifier pole is compensated for the input pulse
from the preamplifier with the resistor in the discharge circuit and withk=1, n=1, T=t/ 1, 7= 14=T;

Voltage from the output of the shaper defines by expression:
Uout (s) = - (6)

1+s*1qp

with k=1, n=1.
It is seen from figure 2 that the recovery time of the baseline sharply increases, in comparison with
the recovery of the shaper after the action of a single voltage pulse.

puls width 150 ns

10 neis 1.2-MHz l
— | &
SO
g
& o
ﬁ 1 2 3
Channel number

]
N

1

Figure 3 — Spectrum of preamplifier output signal

Figure 3 shows the output signal spectrum of the preamplifier. A bandwidth preamplifier passes a
certain frequency range by cutting off a lower frequency and cuts a higher frequency. It is clearly seen from
figure 3 that the preamplifier passes the peak frequency of 12.5 MHz with a capture width of 4-107 sec.

— 26 ——
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Next, an electronic circuit can be described which, together with the Si detector, must provide a nar-
row digital pulse each time the electron acts close to the corresponding band. Fig.4. shows the functional
blocks of a typical front circuit used with semiconductor detectors, where the detector converts the energy
of the incident radiation into electrical pulses, which are amplified by the preamplifier and generated by
the signal processing unit, also called the shaper.

Detector  Preamplifier Amplifier Analog to digital
conversion

Radiation

>

Figure 4 — Operational electronic block of X- ray detecting system

The amplification circuit has the task of increasing the signal-to-noise ratio (SNR), which is achieved
by limiting the bandwidth and which, in turn, changes the time characteristic (shape) of the pulse[19, 20].
Therefore, there is a tradeoff between the SNR and the speed of the system. The final block in figure 4 is
used to digitize the analog pulse for further processing and/or data transfer.

Conclusion. In the work it was determined that the output of the silicon p-i-n detector is in the region
of 12.5 MHz with a capture width of 4-107 sec. Also, considering the foregoing considerations, it can be
said that the bias voltage sources of the detectors should have a low level of noise and interference,
especially in the low-frequency region, since the charge sensitive amplifier for this type of noise is a low-
pass filter. Contacts of detectors should have low impedance, much lower than the noise resistance of the
input stage, determined by the steepness of its first transistor. The parallel noise of the discharge resistance
of the charge sensitive amplifier has a maximum if the feedback time constant is equal to the formation
time of the shaper.
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O30ekicTaH FeUIbIMIAP akaaeMusichl, DU3KMKa-TEXHUKAIBIK HHCTUTYTHI, TalkeHT, O30eKkcTaH,
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PEHTTEHJIK ®JIYOPECHEHTTIK CHEKTPOMETPJIEPTE APHAJIFAH
ACA CE3I'il IETEKTOPJIBIK KYUEJIEP

AnHoTanusi. JKyMbIcTa KPeMHHIIIIK JETEKTOpIIEpIET] PEHTIEHIK COYJIeJeHY apKbLIbl ajJbIHATHIH CHTHAJ-
JapIblH CHIIATTaMachl KapacThIpbulFaH. PEeHTreHAiK (IyOopecleHTTIK CIeKTpOMETpre apHaFaH KpeMHUH-TUTHITIK
p-i-n AETOKTOpP HETi3iHJer! AETEKTOPIIK XKYHEHIH 3JIEKTPOHbI CYJIOAChl YChIHBUIAABL. CUrHaIbl AETEKTOPAAH ajy
YILIIH ONepauysuIblK KYIIEHTKIII Heri3iHer] eKiHII PeTTi Koi1akThl GuibTip xobananasl. GuiabTp, curHaiasy 12.5
MTI 11-Ke yKaKbIH KUK JUana30HbIH/A )KYMBIC )KacalThiH cTpUnTikK Si(Li) Z7eTeKTOpPMEH TONBIFBIMEH COMKEC Kelle/i.
CoHbIMEH KaTap, )KyMbICTa JIETEKTOp MEH CTPUNTIK KOHTAKTUIEPIiH OJILIEMIH eCKepe OTHIPHII, JETEKTOP CUIHAJIBI-
HBIH JKUUITIHIH ecenrTeyi Kentipiared. KenTipinreH sneKTpoOHHKa MEH ecenTeyiep CTPUNTIK JeTEeKTOpJep HerisiH-
JIeTi eHIIPICTIK JeTEeKTOPIIIK JKyHenepai )kacayia rnaiiiansl O0JIbI TaObLIa bl

Tyiiin ce3aep: IETEKTOP AIEKTPOHUKACKHL; PUIIBTPIIEP, AETEKTOPAE CUTHAJIBI TeHEepaLysIay.

P. A. MyMnHOB', A. K. CaﬁMﬁeTOBz, H. M. Ilmanamonz, E. K. TomMypouonl,
C. A. Pamxanos', H. B. Kyrrei6aii’, M. K. Hypraaues’

' Ou3nKo-TeXHIUECKHiT uctutyT AHPVY3, TamkeHt, Y30ekucraH,
*KasaxcKuil HALMOHAIBHBII yHUBepcuTeT MM. anb-Dapabu, Anmarsl, Kazaxcran

BBICOKOYYBCTBUTEJIBHBIE JETEKTUPYIOINUE CUCTEMBbBI
JJIA PEHTTEHO®JIYOPECHEHTHOI'O CHEKTPOMETPA

AnHotanusi. B paGore paccMOTpeH XapakTepHUCTHUKHM CUrHajla, CO371aBaeMOro BO3/IEHCTBHEM PEHTI€HOBCKOTO
M3JIyuYeHHs] B KPEMHHEBBIX JeTeKTopax. [Ipemioraercst sjIeKTpOHHAsh cxeMa AETeKTHUPYIOLIeH CHUCTeMbl, Ha 0aze
KPEMHHUH-JINTHEBOTO p-i-N AE€TEKTOpa Ul PEHTI€HO(IIyOPECIEHTHOrO CrieKTpoMeTpa. [l u3BiIedYeHus CUrHaisa ot
JIETEKTOpa OBUI CIIPOEKTUPOBAH MOJOCKOBBIA (MIBTP BTOPOTO IIOPSAKA HA OCHOBE OINEPA[MOHHOTO YCHIIUTENS.
OunpTp noaHOCTHI0 coBMecTHM ¢ Si(Li) cTpUIIOBBIM 1eTeKTOpOM, padOTaIoIeM B AWANa30HE YacTOT CUTHaa Onn3-
ko K 12.5 MI'u. Takxe, B paboTe mpemIokeH pacyeT 4acTOT CHTHajla JAeTEKTOpa, YUUTHIBas pasMep ICTEKTopa U
CTPHIIOBBIX KOHTAKTOB. [IpHBeneHHas >JIEKTPOHMKA M PACUETHI MOJIE3HBI AJISI M3TOTOBJICHHS MPOMBIIIIEHHON Je-
TEKTHpYIOIei cuctemMbl Ha OcHOB Si (Li) CTpUIOBBIX JeTEKTOpaX.

KiroueBsble cj10Ba: 3IEKTPOHHKA JETEKTOPA; (GUIBTPBI, TeHEPALUs CUTHAIOB B IETEKTOPE.
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