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3.1 LEARNING OUTCOMES

- Ability to analyze and to design basic analog circuits
Knowledge and identification of the most representative circuits and the most extended applications related to Analog
Electronics.
Ability to design and to develop experiments as well as analyzing and reading results
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4. OBJECTIVES

Study of the operational amplifier and its use as basic building block in linear and non-linear applications

Analysis of the frequency response of the most common configurations of amplifiers

Study of the feedback effect on amplifiers and understanding of the stability problems and its application to oscillators
Analysis of output stage topologies for power amplifiers

Acquiring experience in the design, analysis and implementation of simple analog circuits, checking, by experimental
measurements done in the laboratory, the specifications of the circuits that have been previously calculated theoretically and
also by using a SPICE-based electrical simulator.
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6. COURSE ORGANIZATION

CONTENTS

1 The operational amplifier

1.1 The operational amplifier: Introduction. The ideal and non-ideal opamp. Inverting and non-inverting amplifier. Finite-gain
effect on the opamp performances. Offset voltage and current. Summer and difference amplifiers. Integrator and
differentiator circuits

1.2 Linear applications: Difference amplifiers. Instrumentation amplifiers. Current-to-voltage converter. Voltage-to-current
converter. Reference voltages. Current amplifiers. Programmable gain amplifiers

1.3 Non-linear applications: Comparators with opamps and monolithic comparators. Precision clamping circuits.
Logarithmic and antilogarithmic amplifiers. Multipliers. Analog dividers and square-root calculation. Half-wave and
full-wave precision rectifiers. Analog switches. Sample-and-hold circuits.

1.4 Operational amplifier parameters: Saturation output voltage. Offset input voltage. Bias current and offset input current.
Output current limit. Slew-Rate. Open-loop and close-loop frequency response

Output stages and power amplifiers
2.1 Circuits with BJT transistors. BJT device structure and physical operation. Current-voltage characteristics (modes of
operation). Small-signal model. Performance comparison of the MOSFET and the BJT transistors.

2.2 Classification of output stages. Class A, class B, class AB and modified class AB. Transfer characteristics. Circuit
operation. Power dissipation. Power amplifiers with BJT transistors. Power amplifiers with MOS transistors. Integrated
power amplifiers

Frequency response of amplifiers

3.1 Introduction. Transfer function. Bode Plot. Internal capacitances and high-frequency model for MOS and BJT
transistors

3.2 Low-frequency response of the CS MOS amplifier. High-frequency response of the CS MOS amplifier. Miller’s
Theorem. Approximation using the open circuit and short circuit time constant methods. High-frequency response of
the CG and cascode MOS amplifiers. High-frequency response of the CD MOS amplifier. High-frequency response of
the differential MOS amplifier. Frequency response of multistage ampilifiers.

3.3 Analysis of the low, medium and high-frequency response of bipolar amplifiers.

4 Feedback and stability of amplifiers

4.1 Feedback fundamentals: Advantages of negative feedback. Types of feedback amplifiers. Series-shunt feedback
amplifiers. Ideal and real cases. Feedback amplifiers: series-series, shunt-shunt and shunt-series

4.2 Stability of feedback amplifiers. Poles of the feedback amplifier: Root locus. Analysis of first and second-order
systems. Gain and phase margins. Compensated and non-compensated opamps. Frequency compensation
techniques

4.3 Oscillators. Basic principles of sinusoidal oscillators. Oscillators with opamps and RC networks. LC oscillators and

quartz crystal oscillators. Astable multivibrators

The CMOS operational amplifier

5.1 Two-stage topologies. Voltage gain. Frequency response and compensation. Slew-rate concept. Alternative
configurations for CMOS amplifiers
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7. ASSESSMENT METHODS AND CRITERIA

Description Type Final Eval. Reassessn %
Laboratory assessment Laboratory evaluation No Yes 30,00
Ongoing assessment Others No Yes 30,00
Final written exam Written exam Yes Yes 40,00
TOTAL 100,00
Observations

In order to pass the course, it is essential to pass the lab program.

Ongoing assessment could be compensated during the extraordinary exam session by adding its percentage to the weight of
this final exam.

The assessment will move from a presence-based to a virtually-supported modality, according to a mixed teaching format, in
case the sanitary conditions required it.

The evaluation of projects, practical laboratory exercises and written exams is planned to move to a remote modality in case a
new health alert due to COVID-19 would preclude a presence-based evaluation.

For these activities telematic means will be used through the virtual classroom (Aula Virtual — Moodle), email, Microsoft Teams
and/or any tool provided or allowed by the University of Cantabria for the assessment, or to guarantee the validity of the
exams.

The relative weights for each activity included in the assessment method of the course are maintained for all the described
teaching modalities.

Thus, the students must have a computer with a webcam and a microphone, or a smartphone with a built-in camera, internet
connection, Microsoft Teams and/or any tool provided or allowed by the University of Cantabria.

Observations for part-time students

For those students with part-time enroliment who cannot attend the scheduled lab sessions for justifiably reasons, the lab
program could be passed by a separate practical exam that will take place at the ordinary examination session.

Besides, for those students with time incompatibilities and part-time enroliment, a telematic follow-up and personal tutoring will
be developed.

8. BIBLIOGRAPHY AND TEACHING MATERIALS

BASIC

A.S. Sedra, K.C. Smith, Microelectrénics Circuits, 7th ed., Edt. Oxford University Press, 2016
B. Razavi, Fundamentals of Microelectronics, 1st ed., Edt. Wiley & Sons, 2008
G.W. Roberts, A.S. Sedra, SPICE, 2nd ed. Edt. Oxford University Press, 1997
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