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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  with  literature sources and  problem-solving 
	90

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	Total out-of-class work
	90

	TOTAL ACADEMIC WORK
	90

	ECTS credits in-class work
	3

	ECTS credits out-of-class work
	3

	TOTAL ECTS CREDITS
	6


	№
	Grade components

	% of the grade

	1. 
	Homework
	10

	2. 
	Two written tests
	20

	3. 
	Laboratory
	20

	4. 
	Final exam
	50

	Outline of the course:

	The subject of the course is the field of electronics applied to acquisition and processing of electrical signals generated by various types of radiation detectors. 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. Among the included topics are: preliminary amplification of pulses by voltage and charge sensitive amplifiers, various means of pulse shaping, integrators, appropriate analog-to-digital conversion schemes, time-to-amplitude conversion, single- and multi-channel analyzers, simulation of some electrical circuits with basic application, etc. In the laboratory the students assemble and investigate some relevant electronic circuits using analog, digital and mixed-signal integrated circuits and discreet components. Some pre-assembled modules are also used. 



	Preliminary requirements:

	Successfully taken course in general electronics


	Key competences acquired:

	Knowledge and practical skills in analogue and digital nuclear electronics 


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.
	3

	2. 
	Calculation of linear electric circuits. Laplace transform. General considerations of pulse signal shaping.
	3

	3. 
	Bode plots and transient response of 1,2- stage amplifiers.
	2

	4. 
	Negative feedback. Basic circuits with operational amplifiers. 
	2

	5. 
	 CR-(RC)n - shaping of detector pulse signals.  Modeling by numerical solution of differential equations.
	4

	6. 
	Delay-line shaping. Gated integrator.
	1

	7. 
	Noise and resolution. Signal-to-noise ratio. Optimal filtering.
	1

	8. 
	Charge sensitive preamplifier. Resistive feedback. Transistor and optical reset.
	2

	9. 
	Baseline restorer.
	1

	10. 
	General structure of the linear shaping amplifier.
	3

	11. 
	Linear gates.  Pulse stretchers (peak detectors) and sample-and-hold circuits.       .
	2

	12. 
	Fast timing. Leading-edge and constant-fraction discriminators. The coincidence technique.
	3

	13. 
	Flip-flops: RS, JK, D, T- types.  Pulse counters: asynchronous, synchronous, binary, decimal.
	2

	14. 
	Usage of high-density programmable logic devices.
	2

	15. 
	Application of pulse counters in the experiment. Gated counting. Multi-channel scalers.
	2

	16. 
	Single channel analyzers. 
	2

	17. 
	Analog-to-digital conversion (ADC). Main characteristics. Gain, offset errors; linearity, integral and differential nonlinearity; quantization error.  Flash ADC.  
	2

	18. 
	Successive approximation ADC. Digital-to-analog converters,  R-2R  ladder. Sliding scale (Gatti) method for reducing the differential nonlinearity. Channel profile.
	2

	19. 
	ADC with amplitude-to-time conversion (Wilkinson type).
	2

	20. 
	Measurement of time intervals. Time-to-amplitude/ time-to-digital converters.
	2

	21. 
	Multi-channel amplitude analyzers.
	2

	
	
	

	
	Practical exercises (Laboratory)
	

	1. 1
	Linear shaping amplifier.
	4

	2. 
	Baseline restorer circuits.
	3

	3. 
	Charge sensitive preamplifier.
	3

	4. 
	Peak detector. Amplitude-to-time conversion.
	4

	5. 
	Voltage comparators. Leading-edge timing. Event coincidence. 
	4

	6. 
	Constant fraction discriminator.
	3

	7. 
	Pile-up rejector.
	2

	8. 
	Pulse delay circuits.  
	4

	9. 
	Active signal integration.
	3

	10. 
	Pulse signal transmission over cables. Passive and active signal splitters.
	3

	11. 
	Combinatorial logic. RS, JK, D flip-flops. Conversion of logic standards.
	3

	12. 
	Programmable logic. Asynchronous and synchronous pulse counters.
	5

	13. 
	Photoelectric multiplier in current and pulse mode.
	4

	
	
	


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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