Optics and Photonics

Geometric optics, electromagnetic theory, Fourpgros, Computational optics
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The Master Course “Optics & Photonics” provides the fundamental theory needed in a widgaaf techieal fields. Preliminary knowledge Is not
needed but a solid knowledge in advanced math eogtganming are mandatory to master the course.

Structure of the course:

Thefirst part of the course covers the fundamentals in optiesgetactromagetic theory, wave and geometric optics. $x®nd part deals with Fourier Optics and the
theory needed in the modules on Computational @pfiibethird part introduces some basic silicon photonic devices,veayeqguide, splitter, taper, coupler, modulator
and detector as well as the basics on eleoptcs and lasers. Thi@urth part provides the student with an overview on methodowifputatioal optics, e.g. Plane-
Wave Decomposition, BeanWave- and Vector Wave Propagation Methods asagelhe Finite Difference Time Domain method. Imal Case Study, a system will
be parametriseda model created, simulated and optimized withh@esto a performance quantity.

Optical Engineering and Photonics:

Optical Engineering provides the fundamental principles to create, maate and transform electromagnetic fields. Optagagineering is therefore
an important catalyser for various fields of reshasnd develpment, e.g. IT, Medical and Mechanical Engineer@ggen Techrnogy and others.

Photonicscan be seen as a specialization of Optical Engmgeaenhere &ctromagnetic radiation is treated with siliebased devices of micror na
nometer dimensions. It is a comparably young fidldesearch. Lots of innovations and advances in¥hend other sectors are based on Photonics
e.g. Wide Area Networks, System Area Networks, HRgiformance Computing, MictOptics, miniaturization and integrated technolsgie

Examples : Optical and Photonic Engineering delivers key tasbgies for

| T-sector. Fibre-optics, optical interconnects, (micro) eleethechanical elements, electoptical modulators and others boost the perforneaotI T-systems

* Green Technologies. Solar cells, solar driven heat exchangers and @&her

 Mechanical Engineering. Laser welding, laser cutting, vibration analysisneéchanical structures, distance and speed measmtisnand others are key technologies
 Medical Research and Clinical praxis. “image reconstruction from projections” is applied visualize chemical and anatomical propertieshef human body (CT)

« Automotive | ndustry. Projection techniques in heatb displays and detection of radiation In nighgign systems
e Astronomy. Telescopes use the principles of Geometric andiep@ptics to inspect the universe in an amazingide
 Military applications. Heat detectors and laser guidance systems, nighdrvsystems, heatp displays

1. Electromagnetic Theory, Geometric Optics and Waa Optics 2. Theory 2.3. Fourier Optics
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3. Design of a grating filter with the FDTD 4. Fourier-based simulation methods
3.1. Layout 3.3. Analysis An‘:‘(‘f“d“‘ Simulation of a perfect asphere with the parVWPM
suenes With the parallel version of the Vector Wave Progisan
XDurohapesser: 200 Method, parVWPMFertig 2017]), an efficient parallel simu-
it oz lation of complex systems, composed from a multitofde
Loer3D2- DS e components, is achieved.
Fous b LiDI = 165333 To verify the method, the shape of a perfect agpisaterived
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32 Simulation D M/\\/ VI lens surface Rir). There, all rays intersect perfectly at the fo-

cal point, which is perfectly shaped and does hotxssdeforma-
tions. Such deformations would occur from a lens cbn-stant
radius over the entire lens surface.
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3.4. Optimization in the 3D case (Case Study)

The model is parametrised and the filter charadiesis

- analysed in a parameter sweep. The setting witmapt
filter function (e.g. local absorption) yields theal
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The simulation on the left side shows that the asphreates a
perfect focal point without deformations.
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5. Summary: 6. Literature:
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