SERS pamatnu izgatavoSana ar FIB metodi, strukturalo parametru analize

Ciro F. Tipaldi', Kaspars Vitols!, Liga Ignatane!, Tots Kokis®, Varis Karitans', Martin§ Zubkins?,
Anatolijs Sarakovskis!
YLatvijas Universitates Cietvielu fizikas institiits

Virsmas pastiprinata Ramana izkliede (SERS) ir paradiba, kad metalisku nanostruktiiru tuvuma virsmas
plazmonu rezonanses dél ievérojami pastiprinas Ramana izkliedes intensitate. Tas noved pie potenciali
loti jutigas analitiskas metodes vielu detektéSanai ari loti mazas koncentracijas. Tomeér ir vairaki
izaicinajumi $1 pielietojuma sakara. Svarigakie kritériji, kuros raksturot pamatnu veiktsp&ju un to
uzlabot, ir detektéjama analita koncentracijas robeza, Ramana signala pastiprinajums, ta vienmerigums
un spektralo maksimumu izskirtspgja, sintézes un mérijumu atkartojamiba, sintézes sarezgitiba un
izmaksas.

Darba izmantota fokuséta jonu stara (FIB) metode, lai izgatavotu nanostrukturétas pamatnes SERS
vajadzibam. Ar $o metodi izveidoti homogéni nanoméroga pilari ar dazadiem geometriskajiem
parametriem. Sekojosi veicot Ramana spektroskopijas mérfjjumus, noteikta So geometrisko parametru
ietekme uz Rodamina B Ramana spektra intensitates pastiprinajumu. Noteikta arT mazaka analita
koncentracijas robeza, ko iesp&jams ar STm pamatném detektgt.

Vidgjotie Ramana spektri diezgan skaidri norada uz atkaribam starp pastipringjumu un geometriskajiem
izmériem. Veikta arT galigo elementu metodes (FEM) model&Sana STm nanomérogu pilaru struktiiram,
elektriska lauka pastiprinajums $ajos aprékinos liecina par Iidzigas dabas sakaribam kadas noverojamas
eksperimentali. Pamatnes raksturojas ar1 ar izteiktu signala pastiprindjuma homogenitati pa aktivo
virsmu un pamatnes lauj detektét analita koncetracijas pat lidz 10° M.
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Surface-enhanced Raman scattering (SERS) is a phenomenon whereby in the vicinity of metallic
nanostructures due to surface plasmon resonance Raman scattering is greatly amplified. That leads to a
potencially very sensitive analytical method for the detection of substances even at very small
concentrations. However, there are several challenges in this regard. The main criteria by which to
describe and optimise the performance of SERS substrates are the limit of detection of the analyte
concentration, the Raman enhancement, its homogeneity and the resolubility of spectral maxima, as well
as the repeatability and complexity of substrate synthesis.

In this work, the focused ion beam (FIB) method is used in order to produce nanostructured substrates
for SERS applications. Using this method, homogeneous nanoscale pillars with varying geometric
parameters have been created. Subsequently, Raman measurements have been performed and the
influence of the geometric parameters on the enhancement of the Rhodamine B Raman spectrum is
researched. The limit of detection for these substrates has also been found.

The averaged Raman spectra show clearly the correlation between geometric parameters and the Raman
signal enhancement. Alongside experiments, finite element method (FEM) modelling has been
performed for the nanopillar structures. The enhancement of the electric field in these calculations show
a dependency similar to the experimentally found one. The substrates are also characterised by a highly
homogeneously distributed enhancement and they allow the detection of analyte concentrations down
to 10° M.
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