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LEARNING RESULTS

Knowledges:

KTO1. Identify semiconductor devices, technological processes, the most appropriate microelectronic design tools, and relationships
between these elements in order to integrate a given product or system into microelectronic technologies.

KT03. Describe the physical principles underlying current semiconductor devices in relation to their application, as well as their
emerging trends, modelling and characterisation techniques.

KTO04. Identify and describe the different manufacturing and characterisation processes in microelectronics and their applicability
according to the functional and cost requirements of the final integrated product.

KTO05. Describe the main methods and tools used to design integrated circuits and systems in accordance with the required functional
specifications and cost of the final integrated product.

KTO06. Identify and describe the main verification and test strategies for integrated circuits and systems according to their application.

Skills:

STO1. Design integrated devices, circuits and systems for new products according to their applications, taking into account
sustainability and energy efficiency requirements.

ST02. Apply the manufacturing techniques and processes and design, simulation and characterisation tools of semiconductor
engineering and microelectronic design to provide a solution to a specific integrated system proposal.

STO04. Select appropriate sources of information from the scientific and technical literature, using appropriate channels, and integrate
this information, demonstrating the ability to synthesise information, analyse alternatives and engage in critical debate.

STO06. Plan the different activities involved in successfully carrying out an assigned task within a team, managing time and resources
appropriately.

Competences:

CT01. Design new devices and integrated systems that require the use of manufacturing techniques specific to microelectronic
technologies or the use of microelectronic design tools.

CT02. Apply sustainability criteria to projects based on integrated microelectronic products.

CT03. Apply the processes of semiconductor engineering and microelectronic design to fields in diverse areas of science or
engineering where integrated systems are required.
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TEACHING METHODOLOGY

Classroom lectures: 24 h
Practical sessions: 6 h
Practical sessions performed at IMB-CNM.

Used simulation programs: Synopsis-Sentaurus / LT-Spice.

LEARNING OBJECTIVES OF THE SUBJECT

e Acquire basic knowledge on semiconductor physics for describing both the operation and the electrical-thermal characteristics of the
main power semiconductor devices currently available in the market (e.g., diodes, MOSFETs, IGBTs, HEMTs), also taking into account

the different types of semiconductor materials used: silicon and WBG semiconductors.

e Acquire basic knowledge on manufacturing technological processes used in power semiconductor devices.
e Be able to evaluate and identify the thermal problems associated with power semiconductor devices, their packages, as well as their

possible cooling solutions.

e Be able to select the reliability and aging protocols used in power semiconductor devices more adequate for a given final application,

as well as interpret their impact on converter design and lifespan.

STUDY LOAD
Type Hours Percentage
Self study 70,0 70.00
Hours small group 6,0 6.00
Hours large group 24,0 24.00

Total learning time: 100 h

CONTENTS

Physical Properties of Semiconductorslish

Description:

Introduction. Crystal structure. Energy bandgap and intrinsic carrier concentration. Energy band structure and
carrier particle properties. Doped semiconductors. Carrier transport. Recombination-generation and carrier

lifetime in non-equilibrium. Impact ionization. Basic equations of semiconductor devices.

Full-or-part-time: 2h
Theory classes: 2h

pn Junctions

Description:

pn junction in thermal equilibrium. Current-voltage characteristics of pn junction. Blocking and breakdown characteristics of pn

junction.

Full-or-part-time: 2h
Theory classes: 2h
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pin Diodes

Description:

pin diode structure. I-V characteristic of pin diode. Design and breakdown voltage of pin diode. Forward
conduction behavior. Relationship between stored charge and forward voltage. Turn-on behavior of power
diodes. Reverse recovery of power diodes.

Full-or-part-time: 1h
Theory classes: 1h

Schottky Diodes

Description:
Energy band diagram of metal-semiconductor junction. Current-voltage characteristics of Schottky junction.
Structure of Schottky diodes. Ohmic voltage drop of a unipolar device.

Full-or-part-time: 1h
Theory classes: 1h

Bipolar Transistors

Description:

Function of bipolar transistor. Structure of power bipolar transistor. I-V characteristic of power transistor. Blocking behavior of
power bipolar transistor. Current gain of bipolar transistor. Base widening, field redistribution, and second breakdown. Limits of
silicon bipolar transistor. SiC bipolar transistor. Thyristor-like structures.

Full-or-part-time: 1h
Theory classes: 1h

MOS Transistors

Description:

Operating principle of MOSFET. Structure of power MOSFETSs. Current-Voltage characteristics of MOSFETs. Characteristics of
MOSFET channel. Ohmic region. Compensation structures in modern MOSFETs

(Superjunction). Temperature dependency of MOSFET characteristics. Switching properties of MOSFET. MOSFET switching losses.
Safe operating area of MOSFET. Reverse diode of MOSFET. SiC field-effect devices: JFET and MOSFET.

Full-or-part-time: 3h
Theory classes: 3h

IGBTs

Description:

Operating mode. I-V characteristic of an IGBT. Switching behavior of an IGBT. Plasma distribution in IGBTs. IGBTs with higher
carrier charge density modules. Bidirectional blocking capability IGBTs. Reverse Conducting

IGBTs (RC-IGBTSs). Potential of IGBT

Full-or-part-time: 3h
Theory classes: 3h
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WBG / UWBG Materials and Related Power Devices

Description:
Related materials: SiC and GaN. SiC-based power devices: Schottky and pin diodes, JFET and MOSFET. GaN
lateral power transistors. GaN vertical power transistors. Power devices based on UWBG materials.

Full-or-part-time: 4h
Theory classes: 4h

Introduction to Power Device Manufacturing Technology

Description:
Complete conception process of a power device. Review of basic manufacturing technology processes.
Example of a power device manufacturing process: Vertical double-diffused MOSFETs and IGBTSs.

Full-or-part-time: 2h
Theory classes: 2h

Packaging Technologies for Power Devices

Description:

Challenges faced by packaging technologies. Types of packaging. Physical properties of materials. Thermal
simulation and thermal equivalent circuits. Parasitic electrical elements in power modules. Advanced
packaging technologies.

Full-or-part-time: 3h
Theory classes: 3h

Reliability and Testing for Verification

Description:

Higher reliability needs required in power devices. Different tests for reliability verification: high-temperature reverse bias, High-
Temperature Gate Stress, temperature and humidity bias, high and low-temperature

storage, temperature cycling and thermal shock, power cycling. Failures due to cosmic rays. Statistical evaluation of reliability
test results. Other reliability tests.

Full-or-part-time: 2h
Theory classes: 2h

Practical sessions

Description:

Practical sessions will be devoted to simulation for design, manufacturing, and electrical behaviour analysis of
power devices, covering the following topics (6h):

1. Review of technological, physical, and electrical simulators.

2. Simulation of a technological process.

3. Physical analysis of electrical behaviour through simulation.

4. Correlation with models used in behavioural electrical simulators.

Full-or-part-time: 6h
Practical classes: 6h
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GRADING SYSTEM

Examination: course work (50%) plus exam (50%)
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