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111 HACJIOB JOKTOPCKE JUCEPTAIINUJE:

Novel wave phenomena based on plasmonic metamaterials and their application in sensors and
components/Hosn TajacHd (peHOMEHU Oa3upaHu Ha IUIA3MOHUYHMM METaMaTepHjajiMa U HUXOBa
NpHUMEHA Yy CCH30pHUMa 1 KOMIIIIOHCHTaMa

IV OPELJIEJ JOKTOPCKE JUCEPTALIMJE:
Hagectu KpaTak cajprkaj ca Ha3HaAKOM Opoja CTpaHHUIa, OTJIaBJba, CIHKA, CXeMa, TpaMKOHA H CII.

JlokTOpCcKa aucepTalfja je HalMcaHa Ha €HIJIECKOM je3uKy, Ha 161 crpanu (134 crpana edexkTHBHOT
TEKCTa), W caap:ku 73 ciuuke, 2 Tabene u 232 Oubmuorpadcke pedepenne. TekcT MTOKTOPCKE
JUcepTanyje mojaesbeH je y cnencha moriasba:

. Introduction and motivation (4 ctpasue),

. Wave phenomena in metamaterials and plasmonics (18 crpana),

. Surface-plasmon-polaritons using substrate-integrated waveguides (29 crpana),

. Complex frequency analysis of scattering phenomena (10 crpana),

. Embedded eigenstates based on ENZ materials and their applications (20 crpana),

. Topological scattering singularities and EEs for polarization control and sensing (22 crpasue),

. PT-symmetric and active ENZ structures (12 crpana),
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. Conclusions and future work (4 crpase).

bubauorpaduja ce cacroju ox 232 pedepuue (16 crpana). Ilponmpenu U3BOA Ha CPICKOM jE3HKY je
JoJaT Tocie riaBHOr Tekcta gucepraumje (19 crpama). [luceprammja caapxxu yoOuuajeHe
HEHyMepHCaHe CTpaHe ca HEONXOAHUM HH(opMalrjamMa o AUCEPTALH]H.

The doctoral dissertation is written in English, on 161 pages (134 pages of effective text), and contains
73 figures, 2 tables and 232 bibliographic references. The text of the doctoral dissertation is divided into
the following chapters:

1. Introduction and motivation (4 pages),

2. Wave phenomena in metamaterials and plasmonics (18 pages),

3. Surface-plasmon-polaritons using substrate-integrated waveguides (29 pages),
4. Complex frequency analysis of scattering phenomena (10 pages),

5. Embedded eigenstates based on ENZ materials and their applications (20 pages),




6. Topological scattering singularities and EEs for polarization control and sensing (22 pages),
7. PT-symmetric and active ENZ structures (12 pages),
8. Conclusions and future work (4 pages).

The bibliography consists of 232 references (16 pages). An extended excerpt in Serbian is added after
the main text of the dissertation (19 pages). The dissertation contains the usual unnumbered pages with
the necessary information about the dissertation.




\Y BPEJHOBAKBE NOJEANMHUX JEJIOBA TOKTOPCKE JUCEPTAIINJE:

HacsioB panga je jacHo ¢dopmyiiMcaH M pasyMJbUB, NMPELUU3HO ONKCYyje NPEAMET HCTPaXKHBamba U Y
MOTITYHOCTH yKa3yje Ha caapikaj paja.

Y yBOAHOM ey JOKTOPCKE JWCEepTallMje JaTa je MOTHBAldja M TPEACTaBbeHA je BaKHOCT
UCTpaXXKMBama y 00JlacTUMa IIa3MOHUKE M METaMaTepujaa.

V mnormasey Wave phenomena in metamaterials and plasmonics nmar je mperien axtyenme
npobieMaTuke y oblacTuMa MeTaMaTepHjajia M IDIa3MOHHUKe. TeopHjcKke OCHOBE TamacHHX (eHOMeHa
KOjuMa ce KaHIumaT 0aBM y OKBUpY IHCEpTalHje Cy jaCHO MOCTaBJbeHE, MTO oMoryhyje masee mpaheme
cazapkaja.

VY mnormasspy Surface-plasmon-polaritons using substrate-integrated waveguides anammsupan je
KOHICIIT eq)eKTI/IBHI/IX NOBPIIMHCKUX TIJIA3MOHCKHX Tajlaca ,Z[06I/IjeHI/IX y3 nomoh CTPYKTYypaJIHE
,uncnepmje Yy TajlaCOBOJAUMA MHTCIPUCAHUM Yy MOIJIOTY. Ha OCHOBY jaCHO peaACTaBJbEHUX TeOijCKI/IX
OCHOBa M HyMEpHYKe ONTHMH3alHuje, pa3sBHjeHa Cy [Ba MHUKpoTanacHa (uitpa WM CeH30p, Koja cy |
SKCIICpUMCHTAIHO peann3oBana. Koya cy kapakTepucana Ho0puM mepdopMmaHcama Koja ce CIIaxy ca
TEOPUjCKUM IIpeaBubamrma.

IMornassbe Complex frequency analysis of scattering phenomena npencraBiba TEOpHjCKy OCHOBY 3a
OCTaTaK JOKTOpPCKE aucepramuje. [IpeacTaBibeH je METOI aHain3e eJIEKTPOMAarHeTCKUX CTPYKTypa Y3
nomoh Martpune pacunama (S-mMaTpuie) 1 KopumhekeM KOMIUIEKCHE YUeCTaHOCTH, ca KOjUM MOTY Ja ce
o0yxBaTe W HHTYHTUBHO 00jacHe ()eHOMEHH KOjU Cy aHAIM3UPAaHU Yy TIOTJIaBJbUMa KOjU CIele.

VY nornasey Embedded eigenstates based on ENZ materials and their applications awnanusupana cy
BE€3aHa CTama y KOHTHHYyMY yciel Hynte nepmutuBHocTH (eHrit. epsilon-near-zero - ENZ) matepujana.
IbuxoBe KkapakTepHCTHKe OOjallllbeHe Cy KpO3 JIeTalbHY aHajlu3y, a I0TOM je ITpeJUIOKeHa HHX0Ba
MPUMEHA 32 U3BOP YCKOIIOjaCHOT U YCMEPEHOT TOIUIOTHOT 3payea.

VY mornassey Topological scattering singularities and EEs for polarization control and sensing
HACTaBJbEHA j& aHAJIM3a BE3aHUX CTamkba y KOHTHHYYMY y jeIHONPHUCTYITHHM IUIaHAPHUM CTPYKTypama.
AHaIN30M HBUXOBHX TOIOJIOIIKHX KapaTKEpHUCTUKa, OTKPUBCHA je MpeTXO0AHO HCYCTAaHOBJbEHA BE3a
u3Meljy Tauaka caBpIlcHE afCOpPIIIKje U BE3aHUX CTama Y KOHTUHYyMY. [IpruKa3aHe cy METO/Ie HacTajamba
W HecTajama CHHTYJIAPHUTETA, KOje Cy MOTOM HUCKOpHIIhieHe 3a OCTBapHBaKkE KOHTPOJIEC alMILIUTYE, (a3e
U monapu3anyje Tanaca. Kao peMoHcCTpaiija AUCKyTOBaHUX edekara, MPeIOKEHN Cy M aHATH3UpaHU
TOJIAPU3ATOP U CEH30P KOjU pajie y HHPpAIPBEHOM JOMCHY.

VY nornasiy PT-symmetric and active ENZ structures anan3upane cy KapaKTepUCTHKE CHHIYJIapUTEeTa
S-MaTpuLe y JBONPHUCTYIHHM cucTeMuMma. CIMYHO Kao M y NPETXOJHOM IMOINaBjby, yTBpheHa je
TOMOJIOIIKA NPUPOJA CHHTYJIApUTETa — Yy NBOMIPUCTYIHUM CHCTEMHMa TO NPEICTaBJbajy KOXEPEHTHA
CaBpIIICHA AICOPIIIKja U Jiacep-arcopoep. MaHUIyIallijoM MOJIOBa M HyJla Koe(uinjeHTa pediiekcuje,
MHJIyKOBaHO j€ CTame MOIYT BE3aHOT CTalha Y KOHTHHYYMY, HaKO ra CUCTEM caM I0 ceOH He MOApKaBa.

V noriassey Conclusions and future work mickytoBaHO je 0 pe3ynTaTuMa JUcCepTalije U O BHXOBOM
Hay4YHOM JonpuHocy. [ToToMm cy naTu 3akspydnd u Moryhu npasnu Oyayher HCTpakxuBama.

ITornasbe JluTeparypa campku 232 jnuTepaTypHa HaBOJa KOjU Cy MPEIJICTHO CHCTEMATH30BaHH.
Kopuuihena nuteparypa je 00uMMHa, caBpeMeHa W MPaBUIHO ofabpaHa mpeMa 3axTeBHMa TeMe Koja ce
pasmarpa.

Hamomena: [lokTopcka aucepTanyja je MNpolUIa MPOBEpY OPUTHHAIHOCTH KopHiuhiemeM codTBepa
iThenticate u ytBphen je mnpouenat caumanoctu on 47% (eurn. Similarity index). Jasum yBumom y
M3BEITA] O OPUIMHAIHOCTH yTBhEHO je mokmnaname o1 44% ca yeTupu o0jaBibeHa HaydHa pajia YMjuX je
KaHIHMAAT ayTop, T je MPOLEHAT MOoAynapama ca HocTtojehoM JuTepaTypoM HaKOH H3y3HMama panoBa
kanauaata 3%. Tume je mokazaHo Ja je AucepTaluja OPUrHHAITHO ayTOPCKO JeJI0 KaHIuaara.

The title of the dissertation is clearly formulated and understandable, describes the subject of research
precisely and fully indicates the content of the dissertation.

In the introductory part of the doctoral dissertation, motivation is given and the importance of research




in the fields of plasmonics and metamaterials is discussed.

Chapter Wave phenomena in metamaterials and plasmonics provides an overview of the current state
of the fields of metamaterials and plasmonics. The theoretical basis of the wave phenomena explored in
the dissertation are clearly presented, which enables further reading.

Chapter Surface-plasmon-polaritons using substrate-integrated waveguides analyzes the concept of
effective surface plasmon waves obtained with the help of structural dispersion in substrate-integrated
waveguides. Based on clearly presented theoretical bases and numerical optimization, two microwave
filters and a sensor have been designed and realized experimentally. The circuits are characterized by
good performance that agrees with the theoretical predictions.

Chapter Complex frequency analysis of scattering phenomena presents the theoretical basis for the rest
of the dissertation. The method for analysis of electromagnetic structures based on the S-matrix and
complex frequencies is presented, which can cover and intuitively explain the phenomena analyzed in the
following chapters.

In the Chapter Embedded eigenstates based on ENZ materials and their applications, the embedded
eigenstates in ENZ structures are analyzed. Their characteristics are discussed through a detailed and
informative analysis, and then their application as a source of narrowband and directed thermal radiation
is proposed.

In the Chapter Topological scattering singularities and EEs for polarization control and sensing, the
analysis of embedded eigenstates in single-port planar structures is continued. The analysis of their
topological characteristics revealed a previously unestablished connection between the points of perfect
absorption and the bound states in the continuum. Methods of singularity creation and annihilation are
presented, which are then used to obtain control the amplitude, phase and polarization of the waves. As a
demonstration of the discussed effects, a polarizer and a sensor operating in the infrared domain are
proposed and analyzed.

In the Chapter PT-symmetric and active ENZ structures, the characteristics of the S-matrix
singularities in two-port systems are analyzed. Similar to the previous chapter, the topological nature of
the singularities is determined. Different than perfect absorption points in one-port systems, in two-port
systems singularities represent coherent perfect absorption points and laser-absorber points. By
manipulating the poles and the zeros of reflection coefficient, an effective embedded eigenstate is
induced, although the system itself does not support it.

In the chapter Conclusions and future work the results of the dissertation and their scientific
contribution are discussed. Then, conclusions are given and potential directions for future research are
discussed.

Chapter Literature contains 232 literature references that are systematically organized. The cited
literature is extensive, modern, and correctly selected according to the requirements of the topic under
consideration.

Note: The doctoral dissertation passed the authenticity check using the iThenticate software and a
similarity index of 47% was determined. Further insight into the authenticity report established a 44%
match with the four published papers authored by the candidate. Thus, after the exclusion of the
candidate's works, the percentage of similarity with the existing literature is 3%. This shows that the
dissertation is an original work by the candidate.

VI  CIIMCAK HAYYHHUX U CTPYUHUX PAJOBA KOJU CY OBJAB/bEHU NJIN
INPUXBAREHU 3A OBJAB/BUBAIBE HA OCHOBY PE3YJITATA HCTPAJXKUBAIBA Y
OKBUPY PAJJA HA JOKTOPCKOJ JUCEPTALINJIU:

1. Z. Sakotic, A. Krasnok, A. All, and N. Jankovic. “Topological scattering singularities and
embedded eigenstates for polarization control and sensing applications,” Photonics Research 9, 7
(2021). (M21)

2. Z. Sakotic, A. Krasnok, N. Cselyuszka, N. Jankovic, and A. Allu. “Berreman Embedded
Eigenstates for Narrow-Band Absorption and Thermal Emission,” Physical Review Applied 13,
064073 (2020). (M21)




3. N. Cselyuszka, Z. Sakotic, V. Crnojevic-Bengin, V. Radonic, N. Jankovic, "Microwave Surface
Plasmon Polariton-Like Sensor Based on Half-Mode Substrate Integrated Waveguide for Highly
Sensitive Dielectric Constant Detection," IEEE Sensors Journal 18 (24), 9984-9992. (2018) (M21)

4. N. Cselyuszka, Z. Sakotic, G. Kitic, V. Crnojevic-Bengin, N. Jankovic, “Novel Dual-band Band-
Pass Filters Based on Surface Plasmon Polariton-like Propagation Induced by Structural
Dispersion of Substrate Integrated Waveguide,” Scientific reports 8 (1), 8332. (2018). (M21)

5. Z. Sakotic, M. Drljaca, G. Kitic, N. Jankovic, N. Cselyuszka, “LTCC Dual-band Bandpass Filter
Based on SPP-like Propagation in Substrate Integrated Waveguide,” Proceedings of IEEE
Eurocon, Novi Sad, Serbia. (2019) (M33)

6. Z. Sakotic, A. Krasnok, N. Cselyuszka, N. Jankovic, A. All, “Coherent Control of Scattering in
Non-Hermitian PT-Symmetrical Systems,” Proceedings of Metamaterials Congress, Rome, Italy.
(2019) (M34)

7. Z.Sakotic, A. Krasnok, N. Cselyuszka, N. Jankovic, A. Ald, “PT-Symmetric Cladding Layers for
High-Q Brewster Modes and Embedded Eigenstates,” Proceedings of Metamaterials Congress,
Rome, Italy. (2019) (M34)

8. A. Krasnok, Z. Sakotic, N. Cselyuszka, N. Jankovic, A. All, “Coherent Excitation of Embedded
Eigenstates in non-Hermitian PT-Symmetrical Systems,” Proceedings of IEEE International
Symposium on Antennas and Propagation and USNC-URSI Radio Science Meeting, Paper: MO-
UB.1P.5 Atlanta, USA. (2019) (M34)

9. Z. Sakaotic, A. Krasnok, N. Cselyuszka, N. Jankovic, A. Alu, "Coherent Virtual Absorption and
Embedded Eigenstates in non-Hermitian PT-Symmetrical Systems," Proceedings of Conference
on Lasers and Electro-Optics, OSA Technical Digest, paper FW4D.5, San Jose, USA. (2019)
(M34)

10. A. Krasnok, Z. Sakotic, N. Cselyuszka, N. Jankovic, and A. Ald, "Coherently Driven Embedded
Eigenstates," in Frontiers in Optics + Laser Science APS/DLS, OSA Technical Digest, paper
FW1F.3, (2019) (M34)

11. Z. Sakotic, A. Krasnok, N. Cselyuszka, N. Jankovic, A. AlG, "Modes in Epsilon Near-Zero
Structures — from Bulk Leaky Plasmons to Embedded Eigenstates” Proceedings of the
International conference of Quantum, Non-Linear and Nanophotonics, Sofia, Bulgaria. (2019)
(M34)

TakcaTHMBHO HABECTH Ha3WMBE PajioBa, IJie W Kaja cy o00jaBibeHH. [IpBO HABECTH HajMame jeiaH paj
o0jaBreH wim npuxaheH 3a o0jaBbHBamEe y CKiIagy ca [llpasuiuma OOKmMOpPCKux cmyouja
Yuueepsumema y Hosom Cady xoju je TIOBE3aH ca caapikajeM JOKTOPCKe qucepTanyje. Y ciiydajy pamoBa
npuxBaheHux 3a o0jaBJbHBabe, TAKCATHBHO HABECTH HAa3WBE PajioBa, rle W Kajaa he Outu 00jaBibeHH U
NPWJIOKHUTH MOTBPY YPEIHHUKA YACOMHUCa O TOME.

Vil SAK/BYYIIN OJHOCHO PE3YJITATHU HCTPAKHNBAA:

OpUruHaNHU pe3yiTaTi HCTPAXXKUBamba JIATH Cy y MoriaBbuMa 3, 5,6 u 7.

Y TpehemM morjaB/by JeTabHO je aHAIW3UpPAH KOHIENT IOBPIIMHCKUAX IJIA3MOHCKUX MOJIAPUTOHA
3aCHOBaHMX Ha TaJaCOBOAY MHTErPUCAHOM y MOAJIOry. Ha OCHOBY jaCHO OCTaBJEEHUX TEOPHjCKHX OKBHpA
OBOT KOHIIENTA, MPOjeKTOBaHA Cy JBa MUKPOTAJIacHa J(BONOjacHa (QUIiITpa, KA0 U MUKPOTAJIACHH CEH30p 32
JNEeTEeKINjy TEeYHHX aHanuta. KoMmroHeHTe cy ¢aOpukoBaHe M KapaTKepu3OoBaHe, MOkazyjyhm moOpe
KapaKTepUCTUKE U OJUTMYHO Clarame ca aHAINTHYKUM W HyMepHdykuM npensuhamnuma. OBe KOMIIOHEHTE
NIPE/ICTaBIbajy NPBY peajii3alyjy ABOIOjacHUX (HITapa U CEH30pa 3aCHOBAHMM Ha KOHIENTY €(eKTHBHHUX
MIOBPIIMHCKUX IIJIa3MOHA Y TAIaCOBOJMMA MHTETPUCAHUM Y TIO/JIOTY.

VY meTroM morJjiaB/by IpEACTaB/bCHA j€ W JeTaJbHO aHAJIM3MpaHa Kilaca Be3aHWX CTama y KOHTHHYYMY y
mwranapauM EH3 cTpykTypama, Koja gomymyje 1 00jeumbyje 10CaAallkhe 3Hakbe 0 IbUXOBOM IIOCTOjalky y
CTpyKTypama IJie je IEpMUTHUBHOCT jeJHaKa HyJIH WK 061u3y Hyse. OCHM OBOT TEOPH)CKOT AOIPUHOCA, AT
j€ W TpeyIor KHUXOBE MPUMEHE 32 BeOMa YCKOIIOjaCHO M YCMEPEHO TOIUIOTHO 3pauerhe Y BHIIECIIOjHO]
CTPYKTYPH ca pealHuM CBOjCTBHUMa Matepujana. Takohe, moka3aHo je Ja je Moryhe KOHTpOJIMcaTH MUPUHY
CIIEKTpa 3pauerma W M0 NMUTaky TajJacHe AY)XKWHE W 10 IHTamky yIIoBa 3padera, CTOra OBaj pe3ynraT
npomupyje o6JacT NpUMEHE Be3aHWX CTama Yy KOHTHHYYMY M Jiaje JONPHHOC y O0JacTH KOHTpOJIE
TOIUIOTHOT 3pauea.




VY mecToM mOrJjaBJby je MO NPBH MyT NPEJICTaBJLEH I0jaM TOIOJOIIKAX CHHIYJIApUTeTa y IpodieMy
onOujamba CBETJIOCTH O] jEJAHOCTABHUX IUIAHAPHHX, BHIIECIOJHUX CTPYKTypa. OBM CHHIYJIAQpUTETH
NIPE/ICTaBJbajy TAauKe CaBpLICHE arcopIilyje Tanaca, IITO UM Jaje BeJIMK NMpakTHyHH 3Havaj. Kopucrehn
NPENCTaB/beHH TEOPHjCKH OKBHp, INPEIJIOKEHE Cy nABe mnpuMmeHe. IIpBa mnpuMeHa moapasyMeBa
MaHUITyJIAIMjy Mojapu3anuje Tajdaca. KOHBEHIMOHATHM TMOJApU3aTOPH 3aXTeBajy MaTepHjalie Koje
KapakTepuie oupepuHrenyja u quxpousam, MejyTum Te 0cobrnHe Cy peTKe y MPUPOIHUM MaTepHujarnMa
y uH}panpBeHoM ey crekrpa. Crora je IONPHWHOC MPEUIOKEHOT KOHIENTa TO INTO je Moryhe
MaHUITYJINCATH TIOJIAPU3aLHjoM pedIIeKTOBAHOT Tayjaca ca MocTojehmMm Mmatepujamuma. [Ipyra mpumeHa
HoApasyMeBa ONTHYKM (a3HH CEH30p, TAe Ce MaHWITYJIalMjoM CHHTYJApUTeTa OCTBapyje H3y3eTHa
oceTJbUBOCT (paze pedIieKTOBAHOT Tajaca Ha IPOMEHE Y OKOJIMHM, OJJHOCHO Ha NpUCYCTBO aHanuTa. Kao
MpaKTHYHA MOCJIEANIA MPEJCTaB/bEHE TEOpHje, IOCEOHO ce UCTHYE Ja OBaKaB CEH30p HE 3aXTeBa BEoMa
Ipely3aH ynajHu yrao nmoOyJHOT Tajaca, IITO je YeCT ciy4aj Koa moctojehux cenzopa osor tuma. BaxxHo
je JomaTH W Aa CTPYKTYpe INpeUIOKEHE Y MEeTOM U IIECTOM IOTJIaBJby HE 3aXTEBajy HAHOCTPYKTYyHPame
WIN JIpyTe CJIOXEHe MPOU3BOJIHE IPOLECe, ITO UX YNHH MTOBOJGHUM 3a IIPUMEHY Y CAaBPEMEHUM ONTHYKUM
cucTeMuMma.

VY ceaMOM MNOrJaB/by NPEACTABJbCH j¢ HOBH IIOTJICN HA CHUHTYJIAPHTETE S-MaTpulle Y IBONPHCTYITHUM
cHCTeMHMa ca TyOWIMMa /WM TojayameM. Hawme, mo mpBH HyT je yTBpeHa TOIOJIOIIKA MPHUpOAa
edexara KOXEpeHTHe CaBpLICHe arconuuje W 13B. Jlacep-AmncopOepa, ka0 M HHXOBa Be3a ca BE3aHHM
CTalbUMa y KOHTHHyyMy. [lokazaH je jemZHOCTaBaH METOX 32 HHXOBO JOOHjame y PpasHYHTHM
Matepujanmuma. OcHM OBOT 3HA4YajHOT TEOPHjCKOT IOMPHHOCA, MOKa3aH je MpUMEp HEOOMYHOT edeKTa
ycliel KOXEpPEeHTHe molye cucTema, Iae ce A00uja e(heKTHBHO BE3aHO CTalkE Y KOHTHHYYMY, HaKO ra
CHCTEM CaM N0 ceOH He TO/IpKaBa.

IToTpebHo je nomaTu u Aa pe3ylTaTH NPUKA3aHU y NOTJIABJbUMA 5, 6 U 7 IPeACTaB/bajy OAIMYHY OCHOBY 32
Jlajba MCTpaxuBama. Mako je mpukazaH Behu Opoj HOBHX pe3yiTaTa, NPEICTABJLEHU TCOPUJCKH OKBHP M
yCIOCTaBJbCHA TOIOJIONIKA IPUPOJA aHAIM3UpaHHMX e(deKkaTa, Kao U OMNINTa NPHUpoJa HPHKA3aHHUX
pe3ynTaTa 0CTaBbajy POCTOP 32 HOBA UCTPAKUBAMHA.

The original results of the research are given in Chapters 3,5, 6 and 7.

In the third chapter, the concept of surface plasmon-polaritons based on a substrate-integrated waveguide
is analyzed in detail. Based on the clearly presented theoretical basis, two microwave dual-band filters and
a microwave sensor for liquid analyte detection have been designed. The components are fabricated and
characterized, showing good performance and excellent agreement with analytical and numerical
predictions. These components represent the first realization of dual-band filters and sensors based on the
concept of effective surface plasmons in substrate-integrated waveguides.

The fifth chapter presents and analyzes in detail a class of embedded eigenstates in planar ENZ structures,
which complements and unifies the current body of knowledge about their existence in such structures. In
addition to this theoretical contribution, a proposal for their application in very narrowband and directive
thermal radiation in a realistic multilayer structure is given. Also, it has been shown that it is possible to
control the bandwidth of the radiation spectrum, both in terms of the wavelength and radiation angles. This
result expands the possibilities of application of embedded eigenstates and contributes to the field of
thermal emission control.

In the sixth chapter, the concept of topological singularities in the problem of light reflection from simple
planar, multilayer structures is presented for the first time. These singularities represent points of perfect
wave absorption, which gives them great practical significance. Using the presented theoretical framework,
two applications have been proposed. The first application involves manipulation of the polarization of
reflected waves. Conventional polarizers require materials characterized by birefringence and dichroism,
however, materials with these properties are scarce in the infrared part of the spectrum. Therefore, the
contribution of the proposed concept is the possibility to manipulate the polarization state of the reflected
wave with existing materials. The second application involves an optical phase sensor, where the
manipulation of the singularity enables an exceptional sensitivity of the phase of the reflected wave to the
changes in the environment, or to the presence of analyte. As a practical consequence of the presented
theory, special emphasis is placed on alleviating the requirement that the light source/detector needs to
distinguish extremely small angles of incidence, which is otherwise a common occurrence in optical
sensors of this type. It is important to add that the structures proposed in Chapters 5 and 6 do not require




nanostructuring or other complex manufacturing processes, which makes them suitable for use in modern
optical systems.

Chapter 7 presents a new outlook of S-matrix singularities in two-port systems with loss and/or gain. For
the first time, the topological nature of coherent perfect absorption and the so-called Laser-absorber points,
as well as their connection with embedded eigenstates is presented. A simple method for obtaining them in
different materials is shown. In addition to this significant theoretical contribution, an example of an
unusual effect due to the coherent excitation of a system is shown, where an effective embedded eigenstate
is obtained, even though the system is non-Hermitian.

It should be noted that the results presented in Chapters 5, 6 and 7 represent an excellent basis for future
research. Although many new results are shown, the presented theoretical framework and the established
topological nature of the analyzed effects, as well as the generality of the presented results leave room for
new research directions.

VIl OIEHA HAYMHA NNPUKA3A U TYMAUYEA PE3YJITATA UCTPAJKKUBAIbA:
ExCrmMIMTHO HaBeCTH MO3UTHBHY WM HETaTHUBHY OLIEHY HauMHa MNpHKa3a M TyMauema pe3yirara
HCTpaKHUBamha.

JucepTanyja je nperieaHa U 100po OpraHn30BaHa, NPUMEHCH j€ aJleKBaTaH HayuHH NPUCTYII, Pe3yJITaTh
UCTpaXMBama Cy NPUKa3aHU JETaJbHO M Ha CUCTEMaTH4YaH HAa4yuWH, JaTa je MHTepIpeTranuja I00HjeHHX
pesynrara, kopumheHa je caBpeMeHa JIMTEpaTypa Koja je NMpaBWiIHO nuTupaHa. Ilpuka3 u Tymaueme
pesynraTa UCTpakMBamba OJroBapajy CTaHJapAnMa CaBpEeMEHE HaydHE JIMTepaType, CTora MX OICHYjeMO
TIO3UTHBHO.

The dissertation is clearly presented and well organized, an adequate scientific approach is applied, and the
research results are presented in a systematic way. The interpretation of the obtained results is given, and
state-of-the-art literature is used and correctly cited. The presentation and interpretation of research results
correspond to the standards of modern scientific literature.




IX KOHAYHA OLEHA JOKTOPCKE JUCEPTAIINJE:
ExcrnMmuTHO HaBecTH Ja JIM JMCepTaldja jecTe WM HHUje HamucaHa y CKJIaJy ca HaBEJICHUM
00pa3zioxemeM, Kao | Jla JI OHa CaJp KU WM HE caJipKu cBe OUTHe eneMeHTe. /laTu jacHe, Mpeny3He U
KOHIIM3HE OATOBOpE Ha 3. U 4. nuTame:

1. Jla mu je gucepTaliija HaIKcaHa y CKJIagy ca 00pas3iioskelheM HaBEICHUM Y TIPHjaBH TeMe?

JlokTopcka amcepTaiyja je y MOTIYHOCTH HAIFCaHa y CKIAAy ca O0paslIoKECHEM Koje je HaBeleHO y
MIpHUjaBU TEMeE.

The doctoral dissertation has been written in accordance with the rationale given in the application.

2. Jla 1 nucepTanyja caapxku cBe OUTHE eeMeHTe?

JlokTopcka JucepTandja HAaclIoOBOM, caipXKajeM, AaHAINTHYKUM M EKCIICpUMEHTAJIHUM MeTo/ama,
NOOHMjeHNM pe3ynTaTuMa, TyMadeheM pe3yJiTaTa i HayYHUM JOIIPHHOCOM 00yXBaTa CBE OMTHE €JIEMEHTE.

Taking into account the title, content, analytical and experimental methods, obtained results and their
interpretation, and scientific contribution, we consider that the doctoral dissertation includes all the
important elements.

3. ITo uemy je aucepralja OpUrHHAIAH JOIIPUHOC HAYIU?
Komucuja 3akspydyje [na Jucepraidja NpeAcTaB/ba OPHWIHHATIAH JIONPUHOC Hayuu y cieachum
eNeMEeHTHMA.:

e [lpeactaBbeHE Cy MHKpPOTaJacHE KOMIIOHCHTE 3aCHOBAaHE Ha €(QEKTUBHMM IOBPIIMHCKHM
IUIA3MOHMMa y TaJacoOBOANMMA WHTETPHCAHUM Y IOJUIOTY, KOje NPEICTaBibajy MPBE PEealn30BaHEe
KOMITIOHEHTE Ha OBOM npuHnuiy. Kapakrepucane cy no0puM mnepdopmaHcaMa, MaiaoM
BEJIMYNHOM W jEAHOCTAaBHOM TEXHOJIOTHjE H3paje, IITO WX YMHHM J0OpUM KaHAWAATHMa 3a
KOMITOHEHTE Y CaBPEMEHO] MUKPOTAJIaCHO] TEXHOJIOTH]H.

e JlojaBa W KapakTEPHCTHUKE BE3aHUX CTamba Y KOHTHHYYMY Yy IUIAaHAPHUM CTPYKTypama Ccy
CHUCTEMaTHYHO M CBEOOYXBaTHO MpeACTaBJbeHe. [IoceOHO je 3HAuajHO TO IMITO je yTBpheHa
TOTIOJIOIIKA TPUPOJA CHUHTYJIAPUTETA KOjH HACTajy W3 BE3aHHX CTamba y KOHTUHYYMY, IITO
MPECTaB/ba OPUTHHAIIHU TEOPUjCKH JOMPUHOC aucepTanuje. [IpeacTaB/beHl TCOPHjCKU OKBHP CE
OJIHOCHM HA IIMPOK CIEKTap pealHiuX MaTepHjajia, ¥ HMa [IHPOK CIEKTap MOTCHIIUjATHUX
npumena. OBO je IEMOHCTPUPAHO Ca HEKOJMKO TMpHMepa MpuUMeHe, yKibyuyjyhu undpanpBeHu
noJjapu3atop, Gpa3Hu CEH30p, U3BOP YCKOIOjaCHOT M YCMEPEHOI TEPMAJHOI 3payerba, U Jiacep-
aricopOep ca pa3HuM QYHKIIHOHATHOCTHMA.

e OpuruHamHH pe3yiTaTH W3 o0NacTH Kojy oOyxBara oOBa JHCEepTalyja OO0jaBJBCHH CY Y
Mel)yHapOJHUM Hay4YHUM 4YacOIMCHMa Ca MUMIAKT (aKTOPOM M CaONIUTeHH Ha MelyHapoIHUM
CKYNOBHMa, 4YHME ce Jajbeé IOTBphyje Oa IOKTOpCKa AucCepTalyja MpeACTaB/ba OPHUIMHANAH
JIOIIPUHOC HAyIIH.

The committee concludes that the dissertation represents an original contribution to science in the
following elements:

e Microwave components based on effective surface plasmons in substrate-integrated waveguides
are presented, which represent the first realizations of their kind based on this principle. They are
characterized by good performance, small overall dimensions, and simple manufacturing process,
which makes them a good candidate for components in modern microwave technology.

e The occurrence and characteristics of embedded eigenstates in planar structures are systematically
and comprehensively presented. It is especially significant that the topological nature of
singularities arising from embedded eigenstates has been determined, which represents an original
theoretical contribution of the dissertation. The presented theoretical framework is related to a
wide range of real materials, and has a wide range of potential applications. This has been




demonstrated with several application examples, including an infrared polarizer, a phase sensor, a
source of narrowband and directional thermal radiation, and a laser-absorber with various
functionalities.

e Original results in the areas covered by this dissertation have been published in international
scientific journals with an impact factor and presented at international conferences, which further
confirms that the doctoral dissertation has original scientific contribution.

4. Koju cy HeyocTany icepraltje M KakaB je IbUXOB YTHIA] Ha PE3YJITaT HCTPAKUBamba?

JucepTainyja HeMa OUTHUX HEJOCTaTaKa Koje yTHUy Ha pe3yJTaTe UCTPaKHBamba.

The dissertation has no shortcomings that affect the research results.
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