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Nano-optical imaging and spectroscopy — An overview

Light
(THz, IR, Vis)

Nano-IR probing principle(s)
AFM-IR / nano-FTIR

Application to Semicon Materials
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nano-IR — infrared imaging & spectroscopy beyond the diffraction-limit nea ’Sbe('f G‘ attocube

WITTENSTEIN Group

IR spectroscopy 9 Atomic Force Microscopy

% Based on atomic force microscopy (AFM) technology
% Focused laser-beam illuminates metal AFM tip
% Concentrated optical hot spot below the tip apex

Z nano-IR absorption is measured via
- Photo-thermal force detection (AFM-IR, PiFM)
- All-optical light detection (nano-FTIR, s-SNOM)

% Imaging & spectroscopy by sample scanning

PS-PMMA copolymer ; '
Q
‘ N

Infrared imaging and spectroscopy

at ca. 10 nm spatial resolution

* B. Knoll, F. Keilmann, Nature 399, 134 (1999)
* R. Hillenbrand et al., Nat. Rev. Mat. 10, 285 (2025)
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neaspec — world-leading nanoscopy solutions
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neaSNOM L

platform for near-field microscopy

neaSCOPE

microscopes for nanoscale analytics

IRa-SCOPE

new era in vibrational spectroscopy
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nano-IR as characterisation tool for semiconductor materials

see the nanoworld
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nano-IR spectroscopy in a nutshell
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AFM-IR
Force detection

Probing absorption x ~Im ¢

- (via photo-thermal expansion)

IR ot Absorption

I‘?‘ Excels on organic materials
14 Cheaper (less optics)

#s Quantitative, relative

Molecular vibrations

© attocube systems GmbH | 5| Dr. Lars Mester

Lattice vibrations

nano-FTIR
Light detection

Charge carriers

Probing permittivity ¢

(via dipole-dipole interaction)

I‘é— Reflection & absorption
|‘== Most Versatile (all materials)
l‘;‘ THz, Infrared, Visible light

lfs Quantitative, absolute

Electric near-fields

NANOSCALE ANALYTICS

advanced imaging & spectroscopy




Probing mechanism in nano-IR

Spectroscopic information explains image contrasts
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Chemical identification of nanoscale contaminants

Enabled by spectral match of FTIR and nano-IR data

see the nanoworld
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Chemical nano-identification

based on established FTIR libraries
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Beyond identification: Tracing the origin of nanoscale contaminants
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Enabled by spectral match of FTIR and nano-IR data
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Lithography — probing local resist chemistry using nano-IR

Photoresist HSQ (hydrogen silsesquoxane)

FTIR absorption

see the nanoworld
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interpreted and quantified as local
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. Kim et al. Nano Convergence 9, 53 (2022)
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see the nanoworld
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Optimizing photoresist & process steps with the help of nano-IR
Co-polymer PS-b-PMMA for directed self-assembly

n“\a".ﬂ

'“a\n I n[er-d

Localized
Near-Field

* Significant enhancement of
Inter-domain chemical contrast
upon SVA + TA treatment
(nano-FTIR 3.3x, GISAXS 4x)

Thermal
annealing

. -domain uniformity
increased as confirmed by nano-
FTIR absorption mapping

PMMA absorption (a.u.)

W. Lee, et al., Polymer Testing 104, 104409 (2021) Chemical noise Increased chemical contrast

After thermal annealing
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Crystal lattice vibrations

nano-IR beyond molecular absorption

see the nanoworld
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Probing mechanism in nano-IR — Lattice vibrations

Spectroscopic information explains image contrasts
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Characterization of thin films (oxides, nitrides, ...) nea 'Speé lj] attocube
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Preliminary nano-IR results on FinFET test structure ’” 5
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Optical probing of electrical properties

At infrared and terahertz frequencies

2D organic
conductors

(lR ’f.’: , ) ‘-..

Nanowires Devices

IR, THz
\ | Carrier concentration J Stiegler 2010) AHuber (2007)
: g & mobility

Dopant profiling Carrier diffusion

Sub-surface
conductivity

= &..e.-. 1um
R

C Liewald (2018) F Huth (2011) M Sanviti (2022)
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Probing mechanism in nano-FTIR — Charge carriers

Optical response (Drude model)

Permittivity €

nano-FTIR

see the nanoworld

spec ' attocube

WITTENSTEIN Group

@ = en(1-—22
ELW) = €o w? + iwy

=> n: Carrier concentration

A
5t &
0 dielectric
5 “metal” T @
Ul €<0 w
-10" p
c
8
I3
2
G
o
0 >
Plasma f Cwy = |
asma frequency. wp = PR

nano-FTIR
reflection

Terahretz

1017

1020 1020
|

Doped silicon calibration sample

1019

1017
|

101 ¢m3
|

reflection ]

ow I | high ]

GHz

©
()
o
(L)
| -
gy—
C

THz

Near-IR Visible

reflection

low [ T high

S. Hommel (2019).
Dissertation, TU Munich.

NANOSCALE ANALYTICS

advanced imaging & spectroscopy




see the nanoworld

Probing mechanism in nano-FTIR — Charge carriers
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Nanoscale quantification of carrier concentration in individual nanowires

Reflection

Hueight {nm)
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Nanoscale quantification of carrier concentration in individual nanowires ’ﬂ m
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Dopant profiling of radial carrier concentration gradient using nano-FTIR sec the nanoworls
pant profiling 8 8 nea/spec

lon implantation

Mask 1 1 1 THz Reflection IR Reflecm
7 L
Surface

v gradient

IR Absorption

Experiment

Wafer

Silicon

Sample cross-section

See also:
Huth et al
Nature Mat. 10,
352-356 (2011)

Calculation

Order-of-magnitude-estimates of the carrier concentration:

\/(Electrical) Contact-free v/ Calibration-free \/(Mathematical) Model-free v/ Non-destructive

...but we have models © ANOSCALE ANALYTICS
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Model-based quantification of carrier concentration gradients

see the nanoworld
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Model-based quantification of carrier concentration gradients

see the nanoworld
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Applications for 2D materials in near-field microscopy

see the nanoworld
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2D Materials
Conference

June 8 - 13, 2026 Munich
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Applications in photonics using near-field microscopy

nealspec L attocube

WITTENSTEIN Group

Plasmonics Polarization Resonators

N
o —

o L -
A=1000nm | A=1000 nm

Ll

M Schnell (2010) V Zenin (2017) L Thomas (2022)
Wavefronts Metamaterials Photonic Crystals
5 ) | 7 P ——— —— Cm———

P LS Jon e P

.

.
.
-

|

K Chaudhary (2019) L Thomas (2022) F Alfaro-Mozaz (2021)

Waveguides

Densification Refractive index

o el -
e el =)
w17 r i ey
- at, =

G e & o 2
A Andryieuski (2014) N Shchedrina (2024) attocube (2025)



https://pubs.acs.org/doi/abs/10.1021/jp909252z
https://pubs.acs.org/doi/10.1021/acs.nanolett.7b04200
https://pubs.acs.org/doi/abs/10.1021/acsami.2c01871
https://www.nature.com/articles/s41467-019-12439-4
https://pubs.acs.org/doi/abs/10.1021/acsami.2c01871
https://pubs.acs.org/doi/abs/10.1021/acs.nanolett.1c01452
https://pubs.acs.org/doi/abs/10.1021/acs.nanolett.1c01452
https://pubs.acs.org/doi/abs/10.1021/acs.nanolett.1c01452
https://pubs.acs.org/doi/10.1021/nl501207u
https://pubs.rsc.org/en/content/articlehtml/2024/na/d4na00409d
https://www.attocube.com/en/products/microscopes/nanoscale-imaging-spectroscopy/neascope/VIS-neaSCOPE-s

Full system automation is possible
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Figure 3. Power spectral density (PSD) analysis of line edges.

-> Talk to our automation experts!
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Microscopes for nanoscale analytics

Nanoscale Imaging & Spectroscopy

see the nanoworld
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WITTENSTEIN Group

neaSCOPE

pioneering nanospectroscopy solutions for all spectral ranges

All Tip-enhanced Optical Techniques
@ AFM-IR, nano-FTIR, s-SNOM, nano-Raman, nano-PL,
nano-photocurrent at ambient & cryogenic conditions

Unmatched Spectral Coverage
w From Visible to infrared to THz frequencies

.. Market-Leading Technology

o Tailored for pioneering research & cutting-edge performance

IRa-SCOPE

routine infrared vibrational analysis at micro- & nano-scales

Correlative Nano-IR Capabilities

Combines nano-FTIR and AFM-IR imaging & spectroscopy
for best performance on all sample types

- Multidimensional Vibrational Spectroscopy
w Integrates p-IR, nano-IR and Raman with top-quality AFM

Reliability & Ease of Use

Sample-centric workflow, global coordinate system, instrument automation
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Summary — Attocube nano-IR for semiconducting materials

see the nanoworld

nealspec L attocube

WITTENSTEIN Group
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