
 

DOCTORAL STUDIES COURSE UNIT DESCRIPTION    

Name of subject Scientific Field Faculty Center/Institute/ 

Department 

Optical Materials 

(7,5 ECTS credits) 

Materials 

Engineering T 008 

Faculty of physics VU LTC 

Student’s workload Number of credits 

ECTS 

Student’s workload Number of credits 

ECTS  

Lectures  Consultations Up to 1 

Individual study 7,5 without any 

consultations; 

6,5 in case of full 

amount of  

consultations 

Seminars  

 

Course annotation 

Introduction. Classification of optical phenomena; Complex refractive index and dielectric 

constants. Special properties of materials in solid state. 

Optical materials.  

Lorentz and Drude models. Crystalline dielectrics and semiconductors: oxides, halides and 

halogenides. Metals. Metallic colors. Optical glasses. Mixed glasses and dielectrics (metallic 

and semiconductor nanoparticles). Doping of transparent solids with rare metal ions. Plastic 

optics and molecular materials. 

Synthesis, shaping and polishing of optical materials. 

Glassmaking technology. Growth of optical crystals (Verneuil, Czochralski, Bridgeman, 

Stepanov, Float zone methods, growth from a water-based solutions of salts);  

Mechanical processing of optical crystals and glasses: cutting, grinding and polishing using 

free- and fixed abrasives. Equipment: abrasives and related materials. Diamond turning 

method. Beilby layer, subsurface damage and roughness. Methods of joining optical parts. 

Production aspheric surfaces and free-forms. Volume Bragg Gratings. Introduction to 

optimization of production process using design of experiments: variable types, response 

function model, full and fractional factorial designs, screening and optimization strategies, 

blocking. 

Methods of controlling the shape and roughness of optical surfaces. Controlled 

parameters. Methods of controlling the shape and roughness of spherical and flat optical 

surfaces. Focal length measurement methods. Control of angular dimensions.  

Methods of characterization of optical materials. Photoacoustic absorption spectroscopy, 

refractive index measurement with refractometers and ellipsometers, infrared absorption and 

Raman scattering measurements, homogeneity measurements. 

Optical coatings.  

Classical deposition technologies to form optical layers. Physical Vapor Deposition (PVD) 

Methods (thermal-resistive evaporation; electron beam evaporation; glancing angle deposition 

(GLAD): anisotropic and porous coatings; ion assisted evaporation), Sputtering methods 

(magnetron sputtering (DC, RF); ion beam sputtering (IBS)), Chemical Vapor Deposition 

(CVD), Atomic Layer Coating (ALD), Deposition from liquids and sol-gel coatings. 

The most popular coating designs and their spectral response. Specification of required 

spectral properties, optical coating design optimization methods. Optical thickness units and 

classical optical coating structures. Antireflection AR coatings (1V, 2V); filters: broadband, 

"cut-off", narrowband; high-reflectivity mirrors (metallic, dielectric); beam splitters: for 



intensity, spectral dividers (dichroic filters), polarizers; dispersive coatings (chipped mirrors); 

types and properties of sculptural coatings. 

Special topics in optical coatings. Clean room environment; control methods of growing layer 

thickness during the deposition process; vacuum pumps (types: advantages and shortcomings); 

cleaning and transportation of optical substrates; methods of mixing materials during 

evaporation (optical properties and models of mixtures); deposition of extremely large optical 

elements: planetary dome, shading methods; the most popular coating materials and working 

gases.  

Actively controlled optical elements. Electro-optical modulators and switches. Galvanic 

scanners. Liquid crystal electro-optical elements. Micromechanical spatial and temporal light 

modulators (MOEMS). Acousto-optical modulators and scanners. Adaptive optical elements. 

Standardized characterization methods for of optical elements. Losses of absorption, 

scattering and reflection, transmission; estimation of surface shape deviations: waviness and 

roughness; scratch and dig method for cosmetic surface quality assessment; characterization 

of optical resistance and damage threshold; 

Fiber optical elements. Materials that are used to make optical fibers and fiber manufacturing 

methods. Photonic crystal fibers. Fiber optic cables and bundles. Characterization of fiber 

parameters. 
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Subject submission and evaluation 

There are no lectures on the subject. Doctoral students have to learn by themselves from the 

specified textbooks. A part of this course is given to Laser Technology program master's 

students in the 2nd semester in Lithuanian, so sometimes PhD students from other universities 

or other programs choose to listen to part of those lectures together with current master's 

students of faculty of Physics. The subject portfolio includes consultations, the topics of which 

are offered by doctoral students who have chosen the course. 

   The exam consists of two parts. The first is the preparation of a paper, which reviews a certain 

topic of the subject of laser technologies, which is important for PhD student's work in preparing 

the dissertation. The scope of the report is >40,000 printing marks. Attempts are made to select 

the topic of the report in such a way that its material is useful for the overview of the dissertation 

and the work carried in it. The topic of the report is first proposed by the doctoral student 

together with his scientific supervisor and then agreed with the consulting professors. After 

coordination on report topic, the doctoral student prepares the report and forwards it to the 

consulting professors, who are included in the examination committee. Then the time is set for 

the presentation of the report and doctoral student gives ~ 20 minutes long presentation. The 



presentation is delivered to at least 3 members of the examination committee. After the 

presentation, the questions of the commission members are answered. The report and its 

presentation with answers to questions can be evaluated with a maximum of 5 points. 

The second part of the exam consists of written answers to 6 given questions. It must be done 

in 2 hours. Usually, a list of generalized questions is prepared, according to the topics specified 

in the syllabus, from which the 6 questions are selected. After the doctoral students had written 

their answers, they are scanned and sent to all members of the examination board. Written 

answers to the 6 given questions can be evaluated with a maximum of 5 points. 

   The assessment of each member of the examination board, both for the report and its 

presentation, as well as for the answers to the given questions, are averaged and a final summary 

assessment is recorded based on this, the maximum value of which is 10 points. 
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@ff.vu.lt) 

Dr. Doc. 1. T. Bukelis, E. Gaizauskas, O. 

Balachninaite, D. Paipulas, Femtosecond IR 

and UV laser induced periodic structures on 

steel and copper surfaces, Surf. Interfaces, 38, 

102869 (2023). 

2. A. Butkutė, T. Baravykas, J. Stancikas, 

T.Tickunas, R. Vargalis, D. Paipulas, V. 

Sirutkaitis, L. Jonusauskas, Optimization of 

selective laser etching (SLE) for glass 

micromechanical structure fabrication,  Opt. 

Express 29(15),  23487-23499 (2021). 
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Dynamic voxel size tuning for direct laser 

writing, Opt.Mat.Express,10(6), 1432-1439, 

(2020)  
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Appl.Phys.Lett,116, 031101 (2020).  
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(2019).  
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Corradi, R. Butkus, M. Vengris, R. Grigonis, 

V. Sirutkaitis, I. Sildos, V. Kiisk, L. Puust 

and V. Nagirnyi, Cooperative luminescence 

of Yb3+ ion pairs in Li6Y(BO3)3:Yb single 

crystals. Journal of Luminescence, 2021. 

230: p. 117732. 

2. V. Tamulienė, R. Butkus, A. Stabinis, 

Bandwidth analysis of optical parametric 

amplifier pumped by broadband pulses, 

JOSA B. 37, 1413–1418 (2020). 



3. A. Marcinkevičiūtė, K. Michailovas, R. 

Butkus, Generation and parametric 

amplification of broadband chirped pulses in 

the near-infrared, Opt. Commun. 415, 70–73 

(2018). 

4. V. Vaičaitis, R. Butkus, O. Balachninaitė, 

U. Morgner, I. Babushkin, Diffraction-

enhanced femtosecond white-light filaments 

in air, Appl. Phys. B-Lasers Opt. 124, 221 

(2018). 
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Butkus, R. Coetzee, F. Laurell, Spatial and 

temporal coherence in optical parametric 

devices pumped with multimode beams, Lith. 

J. Phys. 58, 62–75 (2018). 
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Dr.  1. J. Nikitina, S. Indrisiunas, T. Tolenis, M. 

Andrulevicius, L. Grineviciute „Submicron 

periodic structures in metal oxide coating via 

laser ablation and thermal oxidation“, 

Applied Surface Science Advances, 24, 

100660 (2024). 

2. D. Astrauskyte, K. Galvanauskas, D. 

Gailevičius, M. Drazdys, M. Malinauskas, L. 

Grineviciute „Anti-Reflective Coatings 

Produced via Atomic Layer Deposition for 

Hybrid Polymer 3D Micro-Optics“, 

Nanomaterials, 13, 2281, (2023). 
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Tolenis, and S. Juodkazis „Optical anisotropy 

of glancing angle deposited thin films on 

nano-patterned substrates“, Optical Materials 

Express 12, 3, 1281-1290 (2022). 
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Filtering“, Applied Physics Letters 118, 

131114 (2021). 
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„Nanostructured Multilayer Coatings for 

Spatial Filtering“, Adv. Optical Mater. 

2001730 (2021). 
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Dr. Doc. 1. Smalakys, Linas, and Andrius 

Melninkaitis. "Predicting lifetime of optical 

components with Bayesian inference." Optics 

express 29.2 (2021): 903-915. 

2. Kabouraki, E., Melissinaki, V., Yadav, A., 



Melninkaitis, A., Tourlouki, K., Tachtsidis, 

T., ... & Farsari, M.  "High laser induced 

damage threshold photoresists for nano-

imprint and 3D multi-photon lithography." 

Nanophotonics 10.14 (2021): 3759-3768. 

3. Butkutė, A., Čekanavičius, L., Rimšelis, 

G., Gailevičius, D., Mizeikis, V., 
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(2020). Optical damage thresholds of 

microstructures made by laser three-

dimensional nanolithography. Optics Letters, 

45(1), 13-16. 

4. Belosludtsev, A., Melninkaitis, A., & 

Abromavičius, G. (2023). Significant 

enhancement in laser damage resistance of 

YAG crystal surface by plasma etching. 

Optics Letters, 48(9), 2226-2228. 
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express, 30(16), 28401-28413. 
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