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Abstract

We will focus in on our recent developed Complex for nanoscale research with TERS (Tip Enhanced Raman Scatter-
ing), SNOM (Scanning Nearfield Optical Microscopy), BLS (Brillouin Light Scattering) and SPM (Scanning Probe
Microscopy) techniques, designed in Laboratory of Nonlinear Magneto dynamic (Head Prof. Dr. S. O. Demokritov)
in Institute for Applied Physics and Center for Nonlinear Science, University of Muenster. The Complex, built on base
of SPM NTEGRA Spectra C (NTMDT) and 6-pass Tandem-Fabry-Perot-Interferometer (JRS Scientific Instruments),

designed for nanotechnology research, mainly on spintronic nanostructures.
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Kommnuiekc 1isi HAaHOMCCJIeI0OBAHUI ¢ MCTOJIB30BAHUEM METOI0B
30H0BO-YCHJIEHHOT0 KOMOMHAIMOHHOTr0 paccessHusi (TERS),
CKaHMpYIOUIel 0JIMKHenoJ1eBoi onTudeckoid mukpockonuu (SNOM),
cnekTpockonuu bpuiosHoBckoro paccessnus (BLS)

U CKAHWPYIOILIeH 30H10B0i1 Mukpockonuu (SPM)

N.T. Epm, C. O. IleMoxkpuToB

Hucmumym npuxnaonoi ¢usuku, Ynusepcumem 2. Mroncmepa
Mioucmep, I'epmanus

Annomayus

MBI cOoCpeoTOYMMCS Ha HallleM HelaBHO pa3paboraHHOM Komruiekce s HAHOMCCIIELOBaHUH C MCIOJIb30BAaHUEM
METOAOB 30HIOBO-YCHIIEHHOTO0 KoMOuHarmoHHoro paccesHus (TERS), ckanupyromeii OmKHENONEBOH ONTHIECKON
mukpockonmu (SNOM), cnekrpockonuu BpmumosHoBckoro paccesHus (BLS) n ckaHupyromei 30HI0BOH MHKPO-
ckornu (SPM), pazpabotanHOM B 1ab0paTopuu HEJIUHEHHOW MarHUTOUHAMUKH (3aB. Ipod., a-p C. O. JleMOoKpHuTOB)
B MHCcTUTYyTE NpUKIaaHO# (u3uky yHUBepcuTeTa I. MroHcTepa. KoMmuieke, MOCTpOCHHbBIH Ha OCHOBE MHOTO(YHK-
monansHoro C3M MHTEI'PA Crextpa C komnanun HTMT (SPM NTEGRA Spectra C) u 6-nipoxoxsoro ®abpu-
[epo-tannem-unteppepomerpa (JRS Scientific Instruments), npexHa3HaueH Ul HAHOTEXHOJIOTMYECKUX HCCIIEOBA-

HUIA, B OCHOBHOM Ha HAHOCTPYKTYPaX AJIs CIUHTPOHHUKH.
Kniouesvie crosa
HAHOTEXHOJIOTUH, CKAHUPYIOIIAsl 30HI0Basi MEKPOCKOIINS, PAMaHOBCKAs CIIEKTPOCKOMUS, CITHOBAs JHHAMHKA

Experimental

The NTEGRA Spectra (NT-MDT) ' successfully integrate SPM techniques with optical micros-
copy and spectroscopy techniques. A number of basic and advanced SPM modes (AFM, MFM,

! https://www.ntmdt-si.com/products/afim-raman-nano-ir-systems/ntegra-spectra-ii
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STM, Kelvin, SThM, SNOM etc.) are supported providing extensive information about the sample
surface physical properties. Integration of SPM with confocal Raman / fluorescence microscopy
provide the widest range of additional information about the sample. Simultaneously measured
AFM, MFM, SThM and Raman maps of exactly the same sample area provide complementary in-
formation about sample physical properties (Topography, Magnetic, Temperature) and chemical
composition (Raman).

Furthermore, NTEGRA Spectra with the help of Tip Enhanced Raman Scattering (TERS) allows
carrying out spectroscopy / microscopy with nanometer scale resolution. Specially prepared AFM
or SNOM probes (nanoantennas) can be used for TERS to enhance and localize light at the nanome-
ter scale area near the tip apex.

The related to Raman Technique, BLS Technique (Scattering of Photons on Magnon quanta in
our structures) based on Multi-Pass-Tandem-Fabry-Perot Interferometer * is an established method
for studying magnetization dynamics in magnetic layer systems, with very high optical quality (res-
olution in sub-MHz region, damping of higher harmonics better then 10°). This part of the Complex
allows magnon (spin wave) detection with sub micrometer resolution in standard light microscopy
design. In combination with SNOM probe the resolution of approximately 50nm is achieved. The
probe used is an industrial (WITec GmbH, Nascatec GmbH, Germany, or NTMDT SNOM Tip °)
silicon cantilever based hollow pyramidal aluminum tip with a small (50 nm or 100 nm) aperture at
the apex to focus the input laser light.

| BLS Interferomete

Fig. 1. The Complex for nanoscale research setup on an optical table (table dimension 3 000 x 1200 mm)

Furthermore, we modified by FIB technique this SNOM tip, as shown in Fig. 2. A nanoscale Al
features on the apex of the pyramidal tip allows higher sensitivity due to tip enhancement and im-
prove the AFM and optical properties of the tip in TERS and SNOM.

2 JRS Scientific Instruments Tandem-Fabry-Perot Interferometer TFP-1, Operators Manual, www.jrs-si.ch (2001).
3 http://www.ntmdt-tips.com/products/group/snom-cantilevers-new
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Features

Fig. 2. Modified pyramidal SNOM Tips with features (Apex radius of the features approx. 30 nm)

Applications

Further, we present some measurements carried out on the device. For example [1], we study or-
ganic field-effect transistors (OFETs) (essential components for the realization of recyclable inte-
grated circuits). Fig. 3 shows Raman spectra on pentacene (this highly conjugated compound is an
organic semiconductor) islands of organic FETs. The signal at approx. 500 1/cm is from the Si base,
around 1500 1/cm — pentacene.
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Fig. 3. Raman signal on organic pentacene island

In one of the first application [2], we report on two-dimensional mapping of edge modes in ellip-
tical magnetic elements. Elliptical elements with lateral dimensions of 1.3 x 2.4 um® generated by
e-beam lithography and ion etching from a 20 nm thick film of NigoFeyy (Permalloy) were located
on top of a microwave microstrip transmission line used for the excitation of spin dynamics. The
static uniform magnetic field H is applied along the long axis of the ellipses and is perpendicular to
the dynamic magnetic field 4 as shown in the image below Fig. 4.
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Fig. 4. Experimental setup with pyramidal SNOM-TERS tip

We show (for the first time) that the spatial resolution of this technique is below 55 nm (Fig. 5).
Using the approach we found that with increasing applied magnetic field, H, the mode width scales
as 1/H in agreement with a straightforward qualitative model and can be as small as 85 nm.

Fig. 5. Successive images of the magnon edge modes intensity in increasing magnetic field
and the simultaneously topography scan of the ellipse

Conclusion

A successful demonstration of modified to a research complex, commercially available sophisti-
cated equipment, was performed. It succeeded with a SNOM tip, inherently having a low optical
transmission to detect weak Raman scattering on magnons. A high spatial and spectral resolution
as well as optical sensitivity thanks to TERS effect shows, that the complex is a promising tool for
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a wide field of applications in nanotechnology. The complex can also form a basis for sustainable
research in various modern physical branches.
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