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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 Urev = 100-500 V, at room temperature has a value of I = 0.5-1 μA, the value of the 
dark current, and has an R = 5 kΩ resistivity. The working area of the detector has metal contacts Au             
(200 Å).  

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 

 
b 

 
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. 
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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 
Neh is half the maximum value with sufficient accuracy: 

Nୣ୦ ൌ 	2.35 ∗ ܧ√ ∗ ߝ ∗  (1)                                                         ܨ

where E is the energy loss in the detector, ε 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 Cf= Cfb. This leads to a voltage jump at the output of the amplifier: 

∆ܷ ൌ
ொ

್ା

ೖ

                                                                   (2) 

where k is the loop gain of the preamplifier, Q is the charge in the detector. The rising edge ΔU 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                      
μe = 1250 cm2/(Vs), for holes μp = 450 cm2/(Vc). The carrier velocity is v = μEf, where Ef 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] τin = CdRin where the input resistance is: 

ܴ ൌ
େ

ౣ∗େౚ
                                                                   (3) 

where gm is the steepness of the input stage, Cin is the input capacitance of the preamplifier. The input 
resistance of the preamplifier is purely resistive and low impedance, so τin 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) n shaper. Its transfer function k (s) without taking into account the signal inverting by the 
links of the shaper has the form: 

݇ሺݏሻ
௦∗ఛ
ଵା௦ఛ

∗ ቀ


ଵା௦∗ఛ
ቁ


                                                              (4) 

where τd is the time constant of differentiation, τi 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: 

௦ܥ ൌ 2 ∗ ሺݓ  ሻܮ ቀ0.03  1.62
௪ାଶ


ቁ ሾ

ி


ሿ                                            (5) 

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 = ρ L/wt, where ρ = 2.44 μΩcm is the 
resistivity, t is the thickness, for this p-i-n detector R = 0.1 Ω. 
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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. 
 

 
 

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 410-7 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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РЕНТГЕНДІК ФЛУОРЕСЦЕНТТІК СПЕКТРОМЕТРЛЕРГЕ АРНАЛҒАН  
АСА СЕЗГІШ ДЕТЕКТОРЛЫҚ ЖҮЙЕЛЕР 

 

Аннотация. Жұмыста кремнийлік детекторлердегі рентгендік сəулелену арқылы алынатын сигнал-
дардың сипаттамасы қарастырылған. Рентгендік флуоресценттік спектрометрге арналған кремний-литийлік 
p-i-n детоктор негізіндегі детекторлік жүйенің электронды сұлбасы ұсынылады. Сигналды детектордан алу 
үшін операциялық күшейткіш негізіндегі екінші ретті жолақты фильтір жобаланды. Фильтр, сигналдың 12.5 
МГц-ке жақын жиілік диапазонында жұмыс жасайтын стриптік Si(Li) детектормен толығымен сəйкес келеді. 
Сонымен қатар, жұмыста детектор мен стриптік контактілердің өлшемін ескере отырып, детектор сигналы-
ның жиілігінің есептеуі келтірілген. Келтірілген электроника мен есептеулер стриптік детекторлер негізін-
дегі өндірістік детекторлік жүйелерді жасауда пайдалы болып табылады. 

Түйін сөздер: детектор электроникасы; фильтрлер, детекторде сигналды генерациялау. 
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ВЫСОКОЧУВСТВИТЕЛЬНЫЕ ДЕТЕКТИРУЮЩИЕ СИСТЕМЫ  
ДЛЯ РЕНТГЕНОФЛУОРЕСЦЕНТНОГО СПЕКТРОМЕТРА 

 

Аннотация. В работе рассмотрен характеристики сигнала, создаваемого воздействием рентгеновского 
излучения в кремниевых детекторах. Предлогается электронная схема детектирующей системы, на базе 
кремний-литиевого p-i-n детектора для рентгенофлуоресцентного спектрометра. Для извлечения сигнала от 
детектора был спроектирован полосковый фильтр второго порядка на основе операционного усилителя. 
Фильтр полностью совместим с Si(Li) стриповым детектором, работающем в диапазоне частот сигнала близ-
ко к 12.5 МГц. Также, в работе предложен расчет частот сигнала детектора, учитывая размер детектора и 
стриповых контактов. Приведенная электроника и расчеты полезны для изготовления промышленной де-
тектирующей системы на основ Si (Li) стриповых детекторах.  

Ключевые слова: электроника детектора; фильтры, генерация сигналов в детекторе. 
 
Information about the authors: 
Muminov  Ramizulla – Doctor of physical and mathematical science, head of the Research laboratory of the Physico-

Technical Institute of Academy of Science of Republic of Uzbekistan.  
Saymbetov  Ahmet – PhD, senior lecture at Department of Solid State Physics and Nonlinear Physics, al-Farabi Kazakh 

National University.  
Nursultan Japashov – PhD student at Department of Solid State Physics and Nonlinear Physics, al-Farabi Kazakh National 

University. 
Toshmurodov Yorhin – PhD, Scientific Researcher in the Research laboratoryof the Physico-Technical Institute of 

Academy of Science of Republic of Uzbekistan.  
Radzhapov Sali - Doctor of physical and mathematical science, Senior researcher in the Research laboratory of the Physico-

Technical Institute of Academy of Science of Republic of Uzbekistan.  
Kuttybay Nurzhigit – Master of Science, lecturer at Department of Solid State Physics and Nonlinear Physics, al-Farabi 

Kazakh National University. 
Nurgaliyev Madiyar – Master student at Department of Solid State Physics and Nonlinear Physics, al-Farabi Kazakh 

National University.  



Вестник Национальной академии наук Республики Казахстан 
  

   
260  

 

Publication Ethics and Publication Malpractice 
in the journals of the National Academy of Sciences of the Republic of Kazakhstan 

 
For information on Ethics in publishing and Ethical guidelines for journal publication 

see http://www.elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/ethics. 
Submission of an article to the National Academy of Sciences of the Republic of Kazakhstan implies 

that the described work has not been published previously (except in the form of an abstract or as part of a 
published lecture or academic thesis or as an electronic preprint, 
see http://www.elsevier.com/postingpolicy), that it is not under consideration for publication 
elsewhere, that its publication is approved by all authors and tacitly or explicitly by the responsible 
authorities where the work was carried out, and that, if accepted, it will not be published elsewhere in the 
same form, in English or in any other language, including electronically without the written consent of the 
copyright-holder.  In particular, translations into English of papers already published in another language 
are not accepted. 

No other forms of scientific misconduct are allowed, such as plagiarism, falsification, fraudulent data, 
incorrect interpretation of other works, incorrect citations, etc. The National Academy of Sciences of the 
Republic of Kazakhstan follows the Code of Conduct of the Committee on Publication Ethics (COPE), 
and follows the COPE Flowcharts for Resolving Cases of Suspected Misconduct 
(http://publicationethics.org/files/u2/New_Code.pdf). To verify originality, your article may be 
checked by the Cross Check originality detection service http://www.elsevier.com/editors/plagdetect. 

The authors are obliged to participate in peer review process and be ready to provide corrections, 
clarifications, retractions and apologies when needed. All authors of a paper should have significantly 
contributed to the research. 

The reviewers should provide objective judgments and should point out relevant published works 
which are not yet cited. Reviewed articles should be treated confidentially. The reviewers will be chosen 
in such a way that there is no conflict of interests with respect to the research, the authors and/or the 
research funders. 

The editors have complete responsibility and authority to reject or accept a paper, and they will only 
accept a paper when reasonably certain. They will preserve anonymity of reviewers and promote 
publication of corrections, clarifications, retractions and apologies when needed. The acceptance of a 
paper automatically implies the copyright transfer to the National Academy of Sciences of the Republic of 
Kazakhstan. 

The Editorial Board of the National Academy of Sciences of the Republic of Kazakhstan will monitor 
and safeguard publishing ethics. 
 
 

Правила оформления статьи для публикации в журнале смотреть на сайте: 
 

www:nauka-nanrk.kz 
 

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

 

http://www.bulletin-science.kz/index.php/ru/ 
 
 

Редакторы М. С. Ахметова, Т. М. Апендиев, Д. С. Аленов 
Верстка на компьютере Д. Н. Калкабековой 

 
Подписано в печать 20.07.2018. 

Формат 60х881/8. Бумага офсетная. Печать – ризограф. 
16,25 п.л. Тираж 500. Заказ 4. 

 
 

Национальная академия наук РК 
050010, Алматы, ул. Шевченко, 28, т. 272-13-18, 272-13-19 


