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DESCRIPTION OF THE SUBJECT

Contextualization of the subject

Course contents

Contents

Introduction

1. Introduction to digital technique.
2. Bits and logic levels.
3. Technologies to implement digital circuits

4. Design levels.

Boolean algebra

1. Definitions and theorems of boolean algebra.
2. Non-basic logic functions.
3. Normal forms of a boolean function.

4. Simplification using Karnaugh diagrams.

Number systems

1. Positional number systems.

. Base Conversion.

. Range of unsigned numbers.

. Hexadecimal and octal systems.

. Mathematical operations with binary numbers.
. Representation of integers.

. Range in signed numbers.

. Mathematical operations with signed numbers.
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. Other binary codes.

Introduction to VHDL

1. Design flow.
2. File structure.

3. Examples.
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4. Data types, constants and operators.

5. Concurrent sentences.
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Arithmetic Circuits

1. One-bit adder.

. n-bit adder.

. n-bit subtracter.

. n-bit Adder/Subtracter.
. Multipliers.

. BCD Adder.
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Combinational Blocks

1. Multiplexers.

2. Demultiplexers.
3. Encoders.

4. Decoders.

5. Comparators.

Sequential circuits. Fundamentals

1. Introduction.
2. Basic concepts.

3. Bistable.

Digital Circuits Timing

1. Introduction.

2. Timing hazards.

3. Synchronous Design.

4. Technological parameters of flip-flops.
5. Synchronous design and clock period.
6. Clock skew and clock distribution.

7. Synchronization of asynchronous inputs.

Finite State Machines

1. Nomenclature.

2. Design of finite state machines.
3. Description in VHDL.

4. Sequence detector.

5. Sequence detector using edge detectors.

Registers

1. Introduction.
2. Parallel input/output registers.

3. Shift Registers.
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Counters

—_

. Ascending binary counter.

. Descending binary counter.

. Up/down counter.

. Counters with enable.

. M module counters.

. Cascade counters connection.

. Counters with parallel load.
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. Arbitrary Sequence Counters.

Complex system design: data path + control

1. Introduction.

2. Control of a parking barrier.
3. Bull quality control.

4. Binary to BCD converter.

5. Interconnection of devices through SPI.

Laboratory

Lab 1: Introduction to logic gates and the digital oscilloscope

Lab 2: Introduction to schematic capture and compilation with Quartus II.

Lab 3: Introduction to simulation and physical implementation with Quartus Il.
Lab 4: Combinational circuits. Design with VHDL.

Lab 5: Arithmetic circuits. 5 bit adder.

Lab 6: Arithmetic circuits. 5 bit multiplier.

Lab 7: Arithmetic circuits. 5 bit ALU.

Lab 8: Introduction to flip-flops.

Lab 9: Electronic lock.

Lab 10: Parking control.

Lab 11: Timer for a microwave oven.

EVALUATION AND CRITERIA

Evaluation activities Evaluation criteria Weight

e Understanding of concepts.

® Application of concepts to the resolution of

o Final Exam practical problems. 42%

e Analysis and interpretation of the results
obtained in solving problems.

® Presentation and written communication.

e Understanding of concepts.

® Application of concepts to the resolution of



COMILLAS

UNIVERSIDAD PONTIFICIA Syllabus

2022 - 2023

e Short controls (in class). practical problems. 18%
® Mid-semester exam. Analysis and interpretation of the results
obtained in solving problems.
Presentation and written communication.
Understanding of concepts.
Application of concepts to the resolution of
e Lab Tests. practical problems and to carrying out
e Working of the circuits implemented in the practices in the laboratory.
lab. Handling of laboratory tools. 40 %
® Documentation of the results. Analysis and interpretation of the results
® Final laboratory exam. obtained in the laboratory.
® Group work capacity.
® Presentation and written communication.

Grading

The evaluation of the student consists of two parts: theory and laboratory.

To evaluate the theory, the following tests will be carried out:

e Short exercises in class (10 minutes). The objective of these exercises is that the student knows what he knows (and what he
doesn't know). The average of these exercises gives the class grade n_c.
® A mid-term exam, from which the grade n_i will be obtained.

e A final exam that will include all the material taught in the course. From this exam the grade n_e will be obtained.

To obtain the final mark of the theory, a weighted average of the previous marks will be obtained according to the following formula:

nt=n_i*02+ne*07+n_c*0.1

The laboratory evaluation is made from:

® The previous work of the practice, which is evaluated by means of a 10-minute test at the beginning of the lab. From the mean of
all test the grade n_t is obtained.
e Documentation and operation of the designed circuits. From the average of all the practices, the note n_p is obtained.

e The final laboratory exam, n_ex

The final laboratory grade is obtained from the weighted average of the previous grades, as long as the final exam grade of laboratory is
greater than or equal to four, according to the following formula:

nl=n_ex*05+nt*03+n_p*02

If the grade of the final laboratory exam is less than four, then the final grade of the laboratory will be the grade of said exam:

n_| = n_ex

It is mandatory to deliver all practices. If any of them has not been delivered, the laboratory grade will be a zero.

To pass the course, the marks n t and n | must be greater than 5. If this condition is met, the final mark for the course is calculated:
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nend=n_t*06+n_l*04

Otherwise, the final grade will be the lower of the two grades n_t and n_| .

Extraordinary evaluation

The extraordinary call is considered as a second opportunity in case the student has failed one or both

parts of which the subject is composed.

If the student has failed the theory, she will take the theoretical exam n jt and the new theory mark will be obtained according to the
formula:

nt=njt*08+ni*0.1+nc*0.1

If the student has failed the laboratory, she will take the laboratory exam n jl and the new laboratory grade will be obtained according to
the

formula:

nl = njl * 0.65 + nt *0.15 + np * 0.2

As long as the laboratory test grade is greater than or equal to four. Otherwise, the laboratory grade will be the grade of

said test:

nl = njl

The final mark for the extraordinary call will be obtained in the same way as for the ordinary call: if the marks n t and n | are greater than 5,
the final mark of the subject is calculated:

nend=nt*06+nl*04

Otherwise, the final grade will be the lower of the two gradesntand n |.

Attendance Rules

Class attendance is mandatory, according to the Academic Regulations of ICAIl. The attendance requirements will be applied independently

for the theory and laboratory sessions:
In the case of theory sessions, failure to comply with this rule may prevent taking the exam in the ordinary call.

In the case of laboratory sessions, failure to comply with this rule may prevent them from taking the exam in the ordinary and

extraordinary calls. In any case, unjustified absences from laboratory sessions will be penalized in the evaluation.

BIBLIOGRAPHY AND RESOURCES

Basic References

e José Daniel Mufioz Frias. Introduccion a los sistemas digitales. Un enfoque usando lenguajes de descripcion de hardware. (2017)

In compliance with current regulations on the protection of personal data, we would like to inform you that you may consult the

aspects related to privacy and data that you have accepted on your registration form by entering this website and clicking on
"download”
https://servicios.upcomillas.es/sedeelectronica/inicio.aspx?csv=02E4557CAA66F4A81663AD10CED66792
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CRONOGRAMA Sistemas Digitales 1. 22 GITT

|PROGRAMA DE TEORIA s1 | s2 | s2 | s4]s5 | s6 ] s7 ]| s8] so|sio]sii]siz]siz]sial]
Tema 1. Introduccién.

Tema 2. Algebra de Boole. e

Tema 3. Sistemas de numeracién. ]

Tema 4. Introduccién al lenguaje VHDL ml

Tema 5. Circuitos aritméticos a

Tema 6. Bloques combinacionales ]

Tema 7. Circuitos secuenciales. Fundamentos -

Tema 8. Temporizacién de circuitos digitales e

Tema 8. Maquinas de estados finitos e
Tema 9. Registros

Tema 10. Contadores ml
Tema 11. Disefio de sistemas complejos: ruta de datos y control -

Nota. El cronograma se da por semanas de clase.
Fechas clave teoria

En amarillo Controles de clase
En Naranja Intercuatrimestrales

|PROGRAMA DE LABORATORIO -a s2 | sa | ss | se | s7 | ss | so|sio]sit]siz]siz]sial]

P1. Introduccion a las puertas ldgicas integradas y al osciloscopio digital.
P2. Introduccidn a la captura de esquemas y la compilacién con Quartus Il. -

P3. Introduccién a la simulacién y a la implantacién fisica con Quartus Il -

P4. Circuitos combinacionales. Disefio con VHDL. ml

P5. Circuitos aritméticos. Sumador de 5 bits. a

P6. Circuitos aritméticos. Multiplicador de 5 bits. ]

P7. Circuitos aritméticos. ALU de 5 bits. e

P8. Introduccién a los biestables. ml

P9. Cerradura electrénica. -

P10. Control de aparcamiento. -

P11. Temporizador para horno microondas. |

Fechas clave laboratorio

En Naranja Intercuatrimestrales
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