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Hucepraniitna poboTa NPHUCBsiueHa  JAOC/IIJPKEHHIO IPOLECY  IOIMIMPEHHs
HOBEPXHEBUX I1JIA3MOH-TIOJISPUTOHUX XBUJIb B I'€TEPOI'C€HHUX CTPYKTypax jiiesie-
KTPHUK /METaJ /IieIeKTPUK Ha TI'PAHUI JIeJIeKTPUK/MeTaj Ta BIUIMBY Ha HUX
TOBIUHN METAJIEBOTO MPOIIAPKY, YMOBHU €JIEKTPOHERTPATHHOCTI Ta KYJIOHIBCHKUX
KOPEJISAI eJIEKTPOHIB MeTaJTy.

[MIjsixoMm MaTeMaTUYHOIO MOJIEJITOBAHHS 3aJI€2KHOCT1 YaCTOTU BiJ[ XBUJIBOBOI'O
BEKTOpa PO3IJISTHYTO Di3HI MeraseBi mpomiapku, Taki sk cpibmo (Ag), 301010
(Au), amominiit (Al), 1ist sIKUX XapaKTepHa BUCOKA KOHIEHTPaIlisi HOCITB 3apsiLy.
[Ii meraseBi mpomapky 3aTUCHYTI MiXK JieJleKTpUKaMU, SKUMU MOXKYTh OyTH
BakKyyM, Sty UM iHII TOJIMEPHI CIIOJYKH TOIMIO. J[JIsT 3HAXOPKEHHS YacTOTHOTO
criekTpy (abo JUCHepCiiiHOro CrekTpy) B yCixX BUMAKAX MTOYATKOBO PO3B SI3yEThHCS
CUCTEeMa, MAaKPOCKOIIYHUX PiBHsAHL Makcseja Jijiss KOXKHOI'O OKPEMO B3SITOTO
cepeioBHINa. 3acTOCYBaBIIN 1HTerpajbHe 1eperBopernst Dyp’e crouarky 3a
TaCcOBOIO 3MIHHOW f, a TOTIM 1 3a KOOpJuMHATAMHU (Z,Yy) B TUJIOMINHI METAJEBOTO
IPOMIAPKY Jla€ B Pe3yJbTaTli CUCTEMY XBUJILOBUX DPIBHAHBL. ¥ BUMAJIKaX, KOJU
MeTaJIeBUl  TPOIIAPOK PO3IVISJIAETHCH  sIK  JIBOBUMIPHA €JIEKTPOHHA CHUCTEMa,
JHEJIEKTPUYHA TPOHUKHICTD SIKOT 3aJ/I€2KUTh TIJIbKK Bijl 4aCcOBOT 3MIHHOI/4acToTH
(cucrema XapakTepU3YEThCs TIIbKH YaCOBOI JUCTIEPCIE0), XBIJILOBE DIBHSIHHS
B o0slacTi MeTaJly Ma€ aHAJITUIHWE pO3B’d30K. Y BHIAJKaX, KOJU K
JHeJIEKTPUIHA TIPOHUKHICTH MeTalqy € TakoXK (QyHKIIE KoopauHat (cucremi
BJIACTUBA 1IPOCTOPOBA  JIUCIEPCisi) JIUIsi  OTPUMAaHHs aHAJITHYHOIO PO3B’sI3KY
HeoOX1THO (POPMYIIIOBATH JOJATKOBI MOJIe/IbHI puiyinenas. OTpuMaHi po3B 13K,
B KOXKHOMY 3 OINHUCAHUX BUIIAJIKIB, 3MHUBAIOTHCA MiXK CODOI0 BHKOPUCTOBYIOUH

YMOBHU HENEPEPBHOCTI €JIEKTPOMArHITHUX TOJIB HA I'PAHUIX CepeJloBuIll. I3 nux



YMOB B [IOJaJIbIIIOMY OTPUMYETBLCA ﬂucnepciﬁﬂe piBHHHHH JLJIE 00YnCJIeHHS 3HAUYCHD

TaCTOTHOI'O CIIEKTDPY M1J1a3MOHIB.

st 3HAXOJPKEHHSI 4YaCTOTHOI'O CIHEKTDPY IJIA3BMOHHUX XBWJIb  BaXKJIMBO
3Mogiesiioparn - MerasieBuit  nporapok  [80]. Y sHaumiii  Kiabkocri  pobir 3
JTIOCTIJIKEHHS TTOMAPEHHs TJIa3MOHHUX XBHUJIb 3 II€I0 METOI0 BHKOPHCTOBYETHCS
kiacuaaa Teopis pyme-Jloperna. Ilompu Bei memosikm 1iei momen [80, 81,
30KpeMa, HeXTYBaHHS B3a€EMOJIEI0 €JICKTPOHIB Ta 10HIB I'DATKM, MPUITYIIEHHS, IO
JIOB2KMHA, BLJIBHOI'O 11POOITY €JIEKTPOHIB HE 3aJI€2KUTh BiJ| TeMIIepaTypH, Iisi MOJIE/Ib
JUIS MeTaJIeBUX IMPOIIapKiB, TOBIUHA SKUX He € HAHOPO3MIPHOIO, Jla€ JOBOJII
XOpOIlle y3roJpKeHHsT 3 eKCIIepUMEeHTAJbLHUMHU JaHuMu. llpu maremaTuaHOMY
MOJICJTIOBAHH] Ha, MEPIIOMY eTall MJIa3MOHHUN CIHEKTP PO3PaxOoBaHO IS MOJEJ]
Jpyne Ta TOpIBHAHO i3 pe3yJbTaTaMy, OTPUMAHUMHU JIJIT KBAHTOBOI MOJIEI
xaornanux da3 (RPA). MeraneBuii mpomapok, B IbOMY BUIIAJKY, PO3IJISHYTO
gk 2D enexkTponHy cucremy I1iolia siKOI € 0e3MEXKHO BEJIMKOI0 B TOPIBHSHHI
3 pO3MIpOM JIOCHiKyBaHOT cucreMu B3J0BxK (Z. Pesynbraru MOeIiOBaHHs
MOKa3aJu, IO JJId MaJHuX 3HAauUeHb XBUJILOBOIO BEKTOPA 3HAYEHHS YAaCTOTHOIO
CIIEKTDPY B 000X BHUIIaJIKaX IPAKTUYHO CIIBIAIAI0Th, IPOTE 3HAYHO BiJIPI3HAIOTHCS
JUIst OLIBINKMX 3HA4YEeHb XBUJHLOBOTO BekTopa. Lli pesysbraTu y3romKyroThes 3
pe3yJibTaTaMy OTPUMAHUMU B IHIIUX HPALSX ONJISSHYTUMK B XO/1 BUKOHAHHS 1[OI'O

JIOCTTLT>KEHHSI.

Hacrynuum 3aBpanusaM 1€l podboTu OyJI0 JIOC/IJIXKEHHs BIJIUBY ITPOCTOPOBOL
JICIiepcil Ha TMOBEJIHKY YacTOTHOI'O CIEKTPY, 30KpeMa i BHUIAJAKY aTOMHO-
TOHKHX METAJIeBUX TIJIIBOK. ¥ Il MOAEJ MeTas PO3IJISIIacThCd sIK eJeKTPOHHUM
ra3 MoMiiieHuii y moTeHIlaJbHy MY, CTIHKAMH SIKOI € JileJIeKTPUIHI cepeJIoBHIIA.
Ils1 Mojziesib J103BOJISIE JIOCJIAUTH 3aJIEXKHICTh JIeJeKTPUIHOI ITPOHUKHOCTI BiL
Z KOOPJIMHATH Ta BpaxyBaTW 3aJIeXKHICThb ITOBEJIHKM YacTOTHOI'O CIEKTPY Bl
ToBIIUHKA MeTay. OCKIIbKM, B 3aIIPOIIOHOBAHIN MaTeMaTUIHINA MOJIE/I MOITUPEHHST
IJIA3MOHHUX XBUJIb, K Y2Ke 3a3HadaJioch, JUCIEPCiliHe pPIBHAHHS 3aJI€2KUTh BlJT
PO3B’$I3KY XBUJILOBOI'O PIBHSIHHsI, TO JJIsi OTPUMAHHSI aHAJITUIHUX 1X PO3B SI3KiB
3aCTOCOBAHO PO3KJIaJ MarHITHOI HAIPYKEHOCT1 110JIsl 3a MaJiuM IlapaMeTpoM, Jie
y POJI MaJioro IMapaMeTpy B3dTO BIJIHOMIEHHS MIXK pPeaJibHOIO JI1eJeKTPUIHOIO
IPOHUKHICTIO Ta 11 ycepeJHeHHAM IO 2z KoopjuHari. Pesynbrarm orpumani

3 JIOIOMOIOI0 MaTeMaTUYHOTO MOJIECJIOBAHHA JIJisd CTPYKTYpPH IapaMeTpu dKOl



BIJIMOBIIAIOTH TeTepOTeHHil MiasMonHiil Koubirypamii Si0Oy/Ag/Si nokasyors,
MO JIJIS MeTaJeBUX ILIBOK, TOBIIAHA SKUX BUMIPIOETHCS B ATOMHUX MOHOIIAPAX,
pe3yabTaTh JiIsi MOJIeJIi MOOy0BaHOT TYT Kpallle y3TOJKYIOThCS 3 eKCIePUMEeH-
TaJbHUMU JIAHUMU B TOPIBHsIHHI 3 Moje/uito Jpyje Ta npu 30LibIneH] KiJbKOCTI
MOHOITIAPIB MPSAMYE 3HUIY JIO 3HAUEHHb PO3PAXOBAHMX B paMkax Mmojeni pyme ams

0JIHaKOBUX (PIBUUHUX IapaMeTpiB obJiacTeil JOC/IIKYBAHUX CTPYKTYP.

[Toripu Te, mo 1modyj0Ba MOje/l, dKa JIO3BOJIMJIA BUBUYUTU BILJIUB TOBIIWMHU
MeTaJjly Ha YacTOTHUH CHEKTP IJIA3MOHHUX XBWUJIb HaOJIM3WJIA  PE3yJibTarTu
MOJIEJTIOBAHHS JIO eKCIIePUMEeHTAJIbHUX JaHUX, ToJ/laJIbIle TOKPAIeHHs pPe3yabTaTiB
MOJICJIFOBAHHS BUSIBUJIOCH HEOOXijHUM. [ljis 1mporo 0yJio PO3IJISHYTO J10JIaTKOBI
MOJI€JIbHI NPUITYIIEHHS 111010 TOr0, siKi (PI3UYHI sIBUIIA Ta MPOIECU MOXKYTh Kpallle
onucaTu 06’'€KT JOC/IIKEeHHST Ta MOKPAIUTU OTpUMaHi pe3yabraTu. IIpuHarinno
HEOOXIJTHO 3ayBaXXWTHU, IO yCI HACTYIHI PO3TJIAHYTI (DI3UYHI TPOIECH MaloTh
KBAHTOBY INPHUPOJIY Ta MOB sI3aHI 3 MOBEIIHKOIO €JIEKTPOHIB B MeTaJieBiii cucremi
Ta IXHIM NPOHUKHEHHSM B 30HU JII€JIEKTPUKIB Ha IPAHUIAX JOTUKY 3 METAJEBUM

MIPOIIAPKOM.

3 uncaeHHuX JAOCTIKeHb BIJIOMO, IO I HAHOPO3MIPHUX ATOMHO-TOHKUX
MeTaJIeBUX ILJIIBOK KBAHTOBO pO3MipHI edeKTu BiIrpaloTh CYTTEBY POJib B
MOBEJIIHII METaJeBOl CUCTEMU TOMY JIOTIYHHM € TPUIIYINeHHs, 0 BpaxyBaHHSI
X edekTiB Tak caMO BIJIMHYTh Ha TOBEJIHKY ILJIA3MOHHOI XBWJI, SKa
MOTIUPIOETHCH 110 TTOBEPXHI MeTasry. [TouaTKoBO 3a1pOIOHOBAHO PO3TJISHYTH BILIUB
IIPOHUKHEHHsI €JIEKTPOHIB B IIap Jle€JIEKTPUKA 4Yepe3 KOPEKTHE BpaxyBaHHs
YMOBHU €JIEKTPOHEHATPAJbHOCTI B paMKax MOJeNi “»Keje’ JiJisi CUCTEeMHU eJIEKTPOHIB
yepes JioBejieHnil (paKT, sIKMil IOJIAra€ B TOMY, IO IIMPUHA IIOTEHINAJbHOI MU
€ OLJIbINOI BiJ TOBIMHUM MeTajy. Y PI3HUX PO3BiJKAX TMOKa3aHO, IO TaKe
BpaxyBaHHs BeJIE JIO OTPUMaHHs KOPEKTHUX 3HAYEHb JIjIs XIMIYHOI'O MOTEHIaJ1y
(4 Ta OCITUJIATIIHOT KAaPDTUHU MOT0 TOBEJIIHKU B 3aJI€2KHOCT1 BIJl TOBIIUHU MeTaJly.
OckKiIbKY BiJI XIMi9YHOIO IOTEHIIaJIy 3aJjexKaTh 3HAUYCHHSX XBUJIBOBOI'O BEKTOPA,
@epmi, KUl B CBOIO 4Yepry BU3HAYAE YKUCJIO PIBHIB PO3MIPHOTO KBAHTYBaHHS
B MeTaJsli. 3aCTOCYBaHHsI OIMMCAHOI MOJEJl JI0 PO3PaxyHKIB IapaMerpiB CUCTEMU
MOKa3aJI1 3HATYHE MOKPAIIEeHHs Y3TOIXKEHH 13 eKCIIePpUMEHTAJIbHUMEI JTaHUMU JIJIsT
Si0yAg/Si Ta, GLIBIT TOTO, MOKA3aHO, MO YaCTOTHHI CIIEKTD [JIa3MOHA TOBTOPIOE

3aJI€YKHY B1J] TOBIIUHU XapaKTEPHY OCIUJIATINHY MOBEJIHKY XIMITHOTO TOTEHTIIAJY.



JlolaTKoOBO MOKa3aHo, MO XapaKTep TaKol KapTUHW B 3HAUHIN Mipil 3aJeKHUTb Bij
KOHTIEHTPAaIll BIIbHUX HOCIIB 3apsjly B MeTaJi. TakKoxK BiJIBHAYAETHCA ITOMITHE

3aTyXaHHs aMILIITYIA OCIMJIAINI 31 301JILINTEHHSIM TOBIIUHNA METAJIEBOI TLIiBKH.

[Tojtasibiiie  yjlocKOHAJIEHHsST MOJIeJl  1oJisira€  y  clpobl  BpaxyBaTu BILIKB
eJIEKTPOH-EJIEKTPOHHOI B3aeMOoiil (KyJIOHIBCHKUX KOpeJsliit). B ymoBax onucannx
paHilile JOC/1JI2KEHO eJIeKTPOHHY CUCTeMY Ta 3HalijieHO 3HadeHHs JJIsd XIMIYHOTO
noTeHIiaJy 3 BpaxyBaHHsAM 1€l B3aemojii. Bapro Tyt ojpady 3a3HaunTH,
1O PO3LJIsl)l BIUIMBY KOPEJIslifl OOMEXKYeETbCs TYT 1X BKJIJIOM Yy XIMiYHU
MOTEHIaJ Ta HEeXTYeThCs IMM BKJIQJIOM B ycl 1HII TapaMeTpu CUCTEMH.
OrpuMani pe3yabraTii MaTeMaTHIHOTO MOJEIIOBAHHS JTal0Th J00Ope Y3TOIKEeHHSI
3 eKCIepUMEHTaJbHUMHU JaHUMHU TIEePEJOBCIM 34 PaxXyHOK TOTO, IO pOo3paxoBaHl
3HaYEHHS JIJIT XIMITHOTO TTOTEHITaIy aTOMHO-TOHKOI MeTaJeBol IJIIBKNA HallKpalie
BIJIIOBIJIAIOTH peaJIbHUM JaHuM. DBigMideHa BHINE OCIUJIAIIAHA ITOBEIIHKA,
JaCTOTHOTO CHEKTPY CIOCTEPIra€ThCd 1 B IIUX yMOBaX, aJie XapaKTepPU3yeThCs
3HAYHO O1JIBIIOI aMILIITYJ/I00 B 3aJI€2KHOCTI BiJ| TOBIIMHM METAJEBOl ILJIIBKU Ta,

BIJITOBIJIHO, KIJBKOCTI PIBHIB PO3MIPHOTO KBAHTYBAaHHSI.

CyTh JOCIIPKEHHST TIOMTUPEHHST MIa3MOH-TIOJIIPUTOHHNAX XBUJIb B CTPYKTYPax
JHeJIEKTPUK / MeTaJ1 / iiesleKTPUK B 1l pobOTI 1OJIsirae y MOCIIIOBHOMY IPOIEC
MOOYIOBM MAaTEeMAaTHIHOI MOJIEJ, TIOUYNHAIOYH BiJT PO3TJISITy METAJEBOIO MPOIIapKy
gk 2D mpoBiiHOI cuCcTeMH Ta 3aCTOCYBaHHS KJIACHIHNX 1 KBa3iKJIACHIHAX MOJIeIei
MPOBIJIHOCTI JIO BpaxyBaHHs B (PYHKINT JIIEJIEKTPUUHOI TPOHUKHOCTI KBAHTOBUX
edexTiB, sKi panime He OpaJjuch JI0 yBaru. Takuil mijaxij J03BOJIMB IOKA3aTH SIK
1 B IKMX yMOBaX JOCTATHIM € BUKOPHUCTAHHS KJIACHIHUX IMIJIXOJIIB 1 K1 € X MexXKl
3aCTOCYBaHHd, Ta MPU AKX YMOBAaX BapTO YCKJIAJHIOBATA MaTEMATHIHY MOJEThb
edpekTaMu, siKi BaykJIMBI TLIBKU JIJIsi CUCTEM 13 TIeBHOIO po3mipHicTio. [Tokazano,
0 BpaxyBaHHS MPOCTOPOBOI JucHepcil Ta KOPEKTHE 3aCTOCYyBaHHS YMOBHU
CJICKTPOHEHTPATLHOCTI JIJIT HaOJIMKEHHS HE3aJIKHUX €JIEKTPOHIB J1a€ MOMITHO
Kpallle yY3rOoJKEHHS 3 eKCIepUMEHTOM Ta BUABJLE crHenudiday XapaKTepHy
MOBEJIIHKY 9aCTOTHOIO CIeKTpPy. Bijxis »xe Bij poO3IJIsiay €JIEKTPOHHOI CUCTEMU SIK
HEB3aEMO/I1I0YO01, & TOUHIIIE, BpaXyBaHHs KYJOHIBCbKUX KOPEJISAIii, jae Hallkpallle
Y3TOJI2KEHHsT 3-TIOMIXK yCIX PO3poOJeHnX y ik poboTi Mopenei. OCHOBHUM
NPaAKTUIHUM 3J00yTKOM IPOBEJIEHOTO JOCIP)KeHHSI € BCTAHOBJIEHHS (DaKTy,

o 4JId aTOMHO-TOHKHNX METaJIEBUX ILJIIBOK HeO6XiI];HO BpaxXxOByBaT KBaHTOBY



PUPOY TOBEIIHKN €JIEKTPOHIB B MeTaJl 1 1le JI03BOJIsI€ Kpallle PO3yMITH ITPUPOJLY
JIOCJIIZKYBAHOT'O TIPOIECY Ta OTPUMATHU SIKICHO Ta KIJLKICHO KpPallll pe3yJabTaTHu.
Karwo81 caosa: 1a3MOHIKa, TOBEPXHEBI MJIa3MOH-TIOJISIPUTOHY, JIUCTIepClitHe
PIBHSIHHS, JII€JIeKTPUYHA TPOHUKHICTL MeTaJy, aTOMHO-TOHKA MeTaJeBa IJIIBKA,
MaTeMaTUUHe MOJIETIOBAHHS TIOIMMPEHHA MMOBEPXHEBUX IIJa3MOH-TIOJIIPUTOHIB,

eJIEKTPOHENTPAJIbHICTD, KYJIOHIBCHK] KOPeJIsIil.



ABSTRACT

PolovyiV.Ye.  Modeling of plasmon-polariton propagation in stratified

structures. — Qualification scientific work on the rights of a manuscript.

The thesis for the Philosophy Doctor (Ph.D.) degree in specialty 11 “Applied
Mathematics” (11 “Mathematics and Statistics”). — Lviv Polytechnic National
University, Lviv, Ukraine, 2021.

The dissertation is devoted to the research of the process of propagation
of surface plasmon-polariton waves in heterogeneous dielectric/metal/dielectric
structures at the dielectric/metal boundary and the influence of metal layer
thickness, electroneutrality conditions, and Coulomb correlations of electrons in

a metal.

Various metal layers, such as silver (Ag), gold (Au), aluminum (Al), which
are characterized by a high concentration of charge carriers, are considered by
mathematical modeling of the dependence of frequency on the wave vector. These
metal layers are sandwiched between dielectrics, which may be a vacuum, Si0,
or other polymeric compounds and the like. To find the frequency spectrum
(or dispersion spectrum) in all cases, we initially solved the system of Maxwell’s
macroscopic equations for each medium. Applying the integral Fourier transform
first for the time variable ¢ and then for the coordinates (z,y) in the plane of
the metal layer results in a system of wave equations. In cases when we consider
the metal layer as a two-dimensional electronic system whose dielectric constant
depends only on the time variable/frequency (the system is characterized only
by a time dispersion), the wave equation in the metal region has an analytical
solution. In cases when the dielectric constant of the metal is also a function
of coordinates (the system is characterized by a spatial dispersion) to obtain an
analytical solution, it is necessary to formulate additional model assumptions.
The obtained solutions in each of the mentioned cases are connected using the
conditions of continuity of electromagnetic fields at the boundaries of the media.
From these conditions, we obtain the dispersion relation for the calculation of

values of a frequency spectrum of plasmons.

To find the frequency spectrum of plasmon waves it is important to model the

metal layer [80]. We used the classical Drude-Lorentz theory for this purpose in



a significant number of works on the study of the propagation of plasmon waves.
Despite all the shortcomings of this model [80,81] in particular, the neglect of
the interaction of electrons and lattice ions, the assumption that the free path
of electrons does not depend on temperature, this model for metal layers with
thickness bigger than nanoscale gives a fairly good agreement with experimental
data. During mathematical modeling in the first stage, the plasmon spectrum was
calculated for the Drude model and compared with the results obtained for the
quantum Random Phase Approximation (RPA) model. In this case, we consider
the metal layer as a 2D electronic system with area that is infinitely big compared
to the size of the studied system along OZ. The simulation results showed that for
small values of the wave vector the values of the frequency spectrum in both cases
are almost the same but differ significantly for larger values of the wave vector.
These results are consistent with the results obtained in other works reviewed in
this study.

The next goal of this work was to study the effect of a spatial dispersion on
the behavior of the frequency spectrum, in particular for the case of atomically
thin metal films. In this model, we considered the metal as an electron gas placed
in a potential well, the walls of which are dielectric media. This model allows
us to investigate the dependence of the dielectric constant on the z coordinate
and take into account the dependence of the frequency spectrum behavior on the
thickness of the metal. Since in the proposed mathematical model, the propagation
of plasmon waves, as already noted, the dispersion relation depends on the solution
of the wave equation. Then to obtain analytical solutions for these equations, we
used the expansion of the magnetic field strength into a series on powers of a small
parameter. This parameter is the ratio between the real dielectric constant and
its average value calculated along the z coordinate. Mathematical modeling for
the structure with parameters that correspond to the heterogeneous plasmonic
configuration Si0Os/Ag/St show that for metal films with a thickness that is
measured in atomic monolayers, the results for our model have better agreement
with experimental data compared to the Drude model and with the increasing
number of monolayers goes from the bottom to the values calculated for the Drude

model with the same physical parameters for the areas of the studied structures.

Although the construction of the model, which allowed to study the influence



of metal thickness on the frequency spectrum of plasmon waves, brought the
simulation results closer to the experimental data, further improvement of the
simulation results was necessary. To do this, we considered additional model
assumptions as to which physical phenomena and processes can better describe
the object of study and improve the results obtained. It should be noted that
all the following physical processes are quantum in nature and are related to the
behavior of electrons in the metal system and their penetration into the dielectrics

zones at the boundaries of contact with the metal layer.

Numerous studies have shown that for nanoscale atomic-thin metal films,
quantum-dimensional effects play a significant role in the behavior of the metal
system, so it is logical to assume that these effects will also affect the behavior
of the plasmon wave propagating on the metal surface. It was initially proposed
to consider the effect of electron penetration into the dielectric layer due to the
correct consideration of the electroneutrality condition in the "jellium" model
for the electron system due to the proven fact that the width of a potential
well is greater than the metal thickness. Various investigations have shown that
such consideration yields the correct values for the chemical potential 1 and the
oscillating picture of its behavior depending on the thickness of the metal. Because
the values of the Fermi wave vector depend on the chemical potential, which in
turn determines the number of levels of dimensional quantization in the metal. The
application of the described model to the calculations of the system parameters
showed a significant improvement in the agreement with the experimental data for
Si0y/Ag/Si and, moreover, it was shown that the plasmon frequency spectrum
repeats the thickness-dependent characteristic oscillating behavior of the chemical
potential. Additionally, it is shown that the nature of such a picture largely depends
on the concentration of free charge carriers in the metal. There is also a noticeable

attenuation of the amplitude of oscillations with increasing thickness of the metal
film.

Further improvement of the model is an attempt to study the influence
of electron-electron interaction (Coulomb correlations). Under the conditions
described earlier, the electronic system was investigated and the value for the
chemical potential was found taking into account this interaction. It should be

noted here that the consideration of the influence of correlations is limited here by



their contribution to the chemical potential and we neglect this contribution to all
other parameters of the system. The obtained results give good agreement with
the experimental data, primarily because the calculated values for the chemical
potential of the atomically thin metal film best correspond to the experimental
data. The above-mentioned oscillating behavior of the frequency spectrum is
observed in these conditions but is characterized by a much larger amplitude
depending on the thickness of the metal film and, accordingly, the number of

levels of dimensional quantization.

The essence of the study of the propagation of plasmon-polariton waves in
dielectric/metal /dielectric structures in this work is the sequential process of
building a mathematical model, starting from the consideration of the metal layer
as a 2D conducting system and the application of classical and quasi-classical
conductivity models, which were not previously taken into account. This approach
allowed us to show how and under what conditions the use of classical approaches
is sufficient and what are their limits of application, and under what conditions it
is necessary to complicate the mathematical model with effects that are important
only for systems with a certain dimension. Showed that taking into account the
spatial dispersion and the correct application of the electroneutrality condition for
the approximation of independent electrons gives a significantly better agreement
with the experiment and reveals a specific characteristic behavior of the frequency
spectrum. The departure from the consideration of the electronic system as non-
interacting, or rather, taking into account Coulomb correlations, gives the best
agreement among all the models developed in this paper. The main practical
achievement of the study is to establish the fact that for atomically thin metal
films it is necessary to take into account the quantum nature of the behavior of
electrons in metal and it allows to better understand the nature of the process and
get better and quantitatively better results. The main practical achievement of
the study is to establish the fact that for atomically thin metal films it is necessary
to take into account the quantum nature of the behavior of electrons in the metal
and it leads to a better understanding of the nature of the process and yields

qualitatively and quantitatively better results.

Keywords: plasmonics, surface plasmon polaritons, dispersion relation,

dielectric constant of metal, atomically thin metal film, mathematical modeling



of surface plasmon-polariton propagation, electroneutrality, Coulomb correlations.
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