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	Academic work
	Components
	Acad. hours

	In-class work
	Lectures
	45

	
	Seminars
	-

	
	Practical exercises ( laboratory)
	45

	Total in-class work
	90

	Out-of-class work
	Home work: literature sources, problem-solving, work with specialized sofware 
	180

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	Total out-of-class work
	180

	TOTAL ACADEMIC WORK
	270

	ECTS credits in-class work
	3

	ECTS credits out-of-class work
	6

	TOTAL ECTS CREDITS
	9


	№
	Grade components

	% of the grade

	1. 
	Homework
	5

	2. 
	Written test
	10

	3. 
	Laboratory
	40

	4. 
	Final exam
	45

	Outline of the course:

	The subject of the course is the field of electronics applied to acquisition and processing of the electrical signals generated by various types of radiation detectors. The basic principles and building blocks used for amplification, shaping, transmission, and analog-to-digital conversion of signals are studied. The students get acquainted with the techniques for amplitude and timing data acquisition. The course provides knowledge on the methods and common standards for transmission of analogue and digital signals between electronic modules and over greater distances.  Microcontrollers and programmable logic devices of the CPLD and FPGA types, as well as the software environments used for their programming, configuration and simulation are studied. In the laboratory, relevant analog and digital cirquits and modules are assembled and tested. Assembler and VHDL programming and description languages are used.  This course comes next after Nuclear electronics offered  at undergraduate level. It is intended to further broaden the students’ knowledge and practical skills in the field. 




	Preliminary requirements:

	Successfully taken course in general electronics


	Key competences acquired:

	Knowledge and practical skills in analogue and digital nuclear electronics, usage of programmable logic devices and microcontrollers, experience in using test and measurement equipment.


Lessons plan 
	№
	Topic:
	Acad. hours

	
	Lectures
	

	1. 
	General structure of the experimental set-up for energy and time measurements in nuclear physics. Common types of ionizing radiation detectors − overview. Signal formation and signal output.
	3

	2. 
	Calculation of linear electric circuits. Laplace transform. General considerations of pulse signal shaping. Bode plots and transient response of 1,2- stage amplifiers. Negative feedback. Basic circuits with operational amplifiers.
	3

	3. 
	CR-(RC)n - shaping of detector pulse signals.  Delay-line shaping. Gated integrator. Baseline restorer. Digital processing of the analogue signals.
	2

	4. 
	Noise and resolution. Signal-to-noise ratio. Optimal filtering. Ballistic deficit.  Protection of the electronic circuits from external noise interference.  
	2

	5. 
	 Charge sensitive preamplifier. Noise analysis for the JFET transistor input stage.  Resistive feedback. Transistor and optical reset.
	2

	6. 
	Analog-to-digital conversion (ADC). Main characteristics. Integral and differential nonlinearity. ADC with amplitude-to-time conversion (Wilkinson type). Successive approximation ADC. Flash ADC.  Linear gates.  Sample and hold circuits. Peak detectors.
	3

	7. 
	Fast timing. Leading-edge and constant-fraction discriminators. The coincidence technique. Measurement of time intervals. Time-to-amplitude/time-to-digital convertors.
	3

	8. 
	Multi-channel analysers.
	1

	9. 
	Transmission of  linear signals over cables. Passive and active signal splitters.
	2

	10. 
	Transmission of  logic signals over cables. NIM, ECL/ PECL, LVDS, RS-232C/ 422/485 standards. Optical link.
	4

	11. 
	Microcontrollers: architecture, periferal modules. Assembler programming language for microcontrollers.
	3

	12. 
	High-density programmable logic devices (PLD): CPLD and FPGA. Logic strucure. Synchronisation blocks. PLL and DLL. Input-output standards. Applications in  experimental systems. 
	4

	13. 
	Programming languages for description and simulation VHDL , Verilog.
Design software.
	5

	14. 
	Modular  data acquisition systems. Basic electronic modules for NIM, CAMAC, VME – based systems. High voltage power supplies.
	4

	15. 
	Sensors. Measurement of temperature, gas composition, pressure, etc.  Interfacing to data acquisition systems( 4-20мА , SPI, I2C, USART, CAN).  
	4

	
	
	

	
	Practical exercises (Laboratory)
	

	1. 1
	Control and data acquisition from an electronic module (pulse counter) using standard interface (USB, RS485).  Part 1:  Assembling/testing portions of the electronic module.  Development of programming code for the microcontroller implemented in the module.  
	20

	2. 
	Control and data acquisition from an electronic module (pulse counter) using standard interface (USB, RS485).  Part 2:  Work with an integrated environment for design and configuration of programmable logic devices. Configuration of the PLD chip implemented in the module.
	12

	3. 
	ADC with amplitude-to-time conversion (Wilkinson type).
	3

	4. 
	Time-to-amplitude convertor.
	3

	5. 
	Constant fraction discriminator. 
	7


Topics Covered on the Final Exam
	№
	Topic

	1
	The final examination is based on a written test comprising questions and problems relevant to the topics covered in the lectures and the laboratory exercises. A set of example problems is given to the students at the start of the course.
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