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SCOPUL DISCIPLINEI

COURSE PURPOSE

Disciplina are ca scop fundamental familiarizarea
studentilor cu principiile f zice ale generarii si
propagarii radiatiei laser, precum si cu
fundamentele teoret ce si experimentale ale
interactiei radiatiei laser cu materia. Cursul
urmareste dezvoltarea unei intelegeri riguroase
a functionarii sistemelor laser, a proprietatilor
fundamentale ale radiatiei coerente si a
mecanismelor f zice care guverneaza procesele
de amplif care opt cd, emisie st mulata si
propagare Th medii act ve. De asemenea,
disciplina ofera o baza solida pentru intelegerea
aplicatiilor moderne ale laserilor in st inta,
tehnologie si inginerie, inclusiv in fotonica,
metrologie opt c3, st inta materialelor si
tehnologii avansate de prelucrare.

The aim of the course is to provide students with
a comprehensive understanding of the physical
principles governing laser generat on,

propagat on, and interact on with mat er,
together with the theoret cal and experimental
foundat ons of laser-based opt cal systems. The
course is designed to develop a rigorous
understanding of laser operat on, coherent
radiat on propert es, and the fundamental
mechanisms underlying opt cal amplif cat on,

st mulated emission, and wave propagat on in
act ve media. Furthermore, it establishes a solid
foundat on for advanced applicat ons of laser
systems in science, engineering, and technology,
including photonics, opt cal metrology, materials
science, and advanced laser-based
manufacturing processes.

CERINTE PREALABILE

PREREQUISITES

Studentul doctorand trebuie sa posede
cunost nte de Opt c3, Fizica atomica, Fizica
solidului si semiconductori/Fizica
semiconductorilor cu aplicatii in medicina.

The doctoral student must possess knowledge of
Opt cs, Atomic Physics, Solid State Physics and
Semiconductors/Semiconductor Physics with
applicat ons in medicine.

OBIECTIVE

OBIJECTIVES

¢ Dobandirea cunost ntelor fundamentale
privind emisia st mulata, amplif carea opt ca si
functionarea laserelor ca oscilatori opt ci.

« intelegerea modelelor teoret ce de descriere a
dinamicii laserelor, inclusiv ecuatiile de rata
pentru sisteme cu mai multe nivele energet ce.
e Familiarizarea cu teoria modurilor
electromagnet ce in cavitati opt ce si
proprietatile fasciculelor laser.

e Achievement of fundamental knowledge
regarding st mulated emission, opt cal
amplif cat on, and laser operat on as opt cal
oscillators.

¢ Understanding of theoret cal models
describing laser dynamics, including rate-
equat on approaches for mult -level energy
systems.
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¢ Analiza proprietatilor fundamentale ale
radiatiei laser: coerenta, monocromat citate,
divergenta si parametri energet ci.

* Intelegerea principiilor de functionare ale
laserelor semiconductoare si ale structurilor
cuant ce avansate.

* insusirea mecanismelor f zice ale interactiei
laser—materie si a principalelor procese de
prelucrare laser a materialelor.

» Dezvoltarea capacitatii de interpretare a
aplicatiilor laser Tn domenii interdisciplinare
precum fotonica, metrologia opt ca si st inta
materialelor.

e Familiarizat on with electromagnet c mode
theory in opt cal resonators and fundamental
propert es of laser beams.

¢ Analysis of the fundamental propert es of laser
radiat on, including coherence,

monochromat city, divergence, and energy-
related parameters.

¢ Understanding the operat ng principles of
semiconductor lasers and advanced quantum
heterostructures.

¢ Acquisit on of knowledge regarding laser—
mat er interact on mechanisms and major laser-
based materials processing techniques.

¢ Development of the ability to interpret and
analyze laser applicat ons in interdisciplinary

f elds such as photonics, opt cal metrology, and
materials science.

CONTINUT CURS

LECTURE CONTENT

1. Fundamentele f zice ale functionarii laserelor:
Laserul ca oscilator opt ¢ bazat pe procesul de
emisie st mulata. Structura functionala a
sistemelor laser: sursa de pompaj, mediul act v
si rezonatorul opt c. Mecanisme de pompaj

opt c, electric si chimic. Procese disipat ve si
mecanisme de pierdere in cavitatea opt ca:
pierderi ohmice, pierderi intracavitare si
extracavitare. Conditia de prag pentru oscilatia
laser si inversia de populatie de prag.

2. Dinamica temporala a sistemelor laser:
Ecuatiile de rata pentru lasere cu trei si patru
nivele energet ce. Regimuri de functionare
cont nua si pulsata. Dinamica generarii
impulsurilor laser si procese tranzitorii in
cavitatea opt ca.

3. Rezonatoare opt ce si moduri

electromagnet ce:

Teoria rezonatoarelor opt ce. Moduri gaussiene
proprii ale cavitatilor opt ce si distributii
transversale ale intensitatii electromagnet ce.
Structura radiala fundamentala a fasciculului
gaussian. Conditiile de stabilitate ale cavitatilor
opt ce si diagrama de stabilitate. Moduri
longitudinale si transversale de rezonanta.
Factorul de calitate (Q) al rezonatoarelor opt ce
si t mpul de viata al fotonilor in cavitate.

4. Proprietati spectrale si temporale ale radiatiei
laser:

Monocromat citatea si largirea spectrala.
Coerenta temporala si spatiala a radiatiei laser.
Lasere acordabile spectral. Parametri energet ci
ai radiatiei laser: putere, f uenta, intensitate si
stralucire. Laserul ca amplif cator opt c.
Generarea impulsurilor gigant ce prin tehnici de
Q-switching. Generarea pulsurilor ultrascurte

1. Fundamental Physical Principles of Laser
Operat on: Laser as an opt cal oscillator based
on st mulated emission. Funct onal architecture
of laser systems: pump source, gain (act ve)
medium, and opt cal resonator (cavity). Opt cal,
electrical, and chemical pumping schemes.
Dissipat ve processes and loss mechanisms in
opt cal cavit es, including ohmic (resist ve) losses
and intracavity/extracavity opt cal losses.
Threshold condit on for laser oscillat on and
threshold populat on inversion.

2. Temporal Dynamics of Laser Systems:
Rate-equat on formalism for three-level and
four-level laser systems. Cont nuous-wave (CW)
and pulsed operat on regimes. Laser pulse
format on dynamics and transient processes in
opt cal resonators.

3. Opt cal Resonators and Electromagnet c
Modes: Theory of opt cal resonators and cavity
eigenmodes. Gaussian resonator modes,
including Hermite—Gaussian (HG) and Laguerre—
Gaussian (LG) transverse modes. Fundamental
Gaussian beam structure. Cavity stability criteria
and stability diagrams. Longitudinal and
transverse cavity modes. Opt cal resonator
quality factor (Q-factor) and intracavity photon
lifet me.

4. Spectral and Temporal Propert es of Laser
Radiat on: Monochromat city and spectral
linewidth broadening mechanisms. Temporal
and spat al coherence of laser radiat on. Tunable
laser systems. Radiometric and energet c
parameters of laser radiat on: opt cal power,

f uence, intensity, and opt cal radiance. Laser
operat on as both an opt cal amplif er and
oscillator. Giant pulse generat on via Q-switching




prin tehnici de blocare a modurilor (mode-
locking). Tehnici de comprimare temporala a
pulsurilor opt ce.

5. Lasere semiconductoare si heterostructuri
cuant ce:

Principii f zice ale laserelor semiconductoare
bipolare si mecanisme de recombinare radiat va.
Lasere semiconductoare unipolare. Lasere cu
cascade cuant ce (QCL) si tranzitii intersubbanda
in heterostructuri cuant ce.

6. Interactia laser—materie si procesarea
materialelor:

Mecanisme f zice ale interactiei radiatiei laser cu
materialele solide. Procese termice si fotoinduse
in prelucrarea materialelor. Aplicatii Tn sudare
laser, topire, taiere, debitare, gravare, micro- si
nanostructurare, perforare si modif carea
proprietatilor suprafetelor.

7. Aplicatii tehnologice si interdisciplinare ale
sistemelor laser:

Aplicatii ale laserelor in metrologie opt ca si
interferometrica, tehnologia informatiei si
comunicatiilor, fotonica integrata, elaborarea si
procesarea materialelor nanostructurate,
spectroscopie avansata, biomedicina si
tehnologii medicale, precum si in sisteme
moderne de detectie si diagnost care.

techniques. Ultrashort pulse generat on via

act ve and passive mode-locking. Temporal pulse
compression techniques for ultrashort laser
pulses.

5. Semiconductor Lasers and Quantum
Heterostructures: Physical principles of bipolar
semiconductor lasers and radiat ve

recombinat on processes. Unipolar
semiconductor lasers. Quantum cascade lasers
(QCLs) based on intersubband transit ons in
semiconductor heterostructures.

6. Laser—Material Interact on and Laser-Based
Materials Processing: Fundamental mechanisms
of laser—mat er interact on in condensed media.
Thermally driven and photoinduced processes in
laser materials processing. Applicat ons
including laser welding, melt ng, cut ng, drilling,
micromachining, laser ablat on, engraving,
micro- and nanostructuring, and laser-induced
surface modif cat on.

7. Technological and Interdisciplinary

Applicat ons of Laser Systems: Applicat ons of
laser systems in opt cal and interferometric
metrology, informat on and communicat on
technologies (ICT), integrated photonics,
fabricat on and processing of nanostructured
materials, advanced opt cal spectroscopy,
biophotonics and medical technologies, as well
as modern sensing and diagnost c systems.

METODE DE EVALUARE

EVALUATION METHODS

Examen

Exam

COMPETENTE DOBANDITE

ACQUIRED COMPETENCIES

e Competente profesionale:

O cunost nte avansate in domeniu;

o capacitatea de ident f care,
formulare si solutionare intr-o
maniera creat va a problemelor de
cercetare;

o stdpanirea metodelor si tehnicilor
de cercetare avansat3;

¢ Competente transversale:

o competente de comunicare, scrisa si
orald, in domeniul st intei si culturii;

o competente lingvist ce avansate in limbi
de circulatie internationala, inclusiv de a
exprima si formula idei Tn contexte
mult culturale si mult lingve;

o apt tudini si competente digitale
avansate, parte a transformarii digitale
la nivel social, inclusiv prin ut lizarea
inteligentei art f ciale.

e Professional skills:
o advanced knowledge in the f eld;
o the ability to ident fy, formulate and
creat vely solve research problems;
o mastery of advanced research methods
and techniques;

e Transversal skills:

o writ en and oral communicat on skills in the
f eld of science and culture;

o advanced linguist c skills in internat onal
languages, including the ability to express
and formulate ideas in mult cultural and
mult lingual contexts;

o advanced digital skills and competences,
part of the digital transformat on at a
societal level, including the use of art f cial
intelligence.
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