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Nanoscale IR spectroscopy

B Rich, interpretable nanolR spectra directly correlated to FTIR

® Hyperspectral AFM-IR for high-resolution, nanolR spectroscopy in seconds Polystyrens

B Sub-10nm resolution chemical imaging with Tapping AFM-IR

B NEW Surface Sensitive nanolR mode for thin films

Low density
Polyethylene

1500 1450
Wavenumber (cm™')

1550

AFM-IR:

AFM based InfraRed spectroscopy
AFM ~— X D Foh 4 S
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(a) IR chemical image of the absorption intensity at 2,230 cm-* and (b) IR
absorption spectra from 900 to 2,235 cm-?, indicating the presence of
organic matter embedded in meteorites.

T. Hassenkam, et.al., Nature, 548, 78-81 (2017)
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H. Yabuta, et.al., Science, 379: eabn9057 (2023)
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Intro to AFM-IR - the AFM probe is the IR detector

' © An IR pulse arrives on the sample
surface

@ The sample absorbs the IR pulse,
' heats up and expands, applying a
mechanical force on the AFM probe

© The magnitude of this force is
proportional to the absorption
coefficient and so the FTIR response
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Spectroscopy and Imaging

- Keep the probe fixed in space and scan the IR - Keep the IR wavelength fixed and scan the probe in
wavelength. space.
* IR spectroscopy at the nanoscale + Simultaneous topography and IR chemical mapping

m—PS
s | DPE

[ I I I I |
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Wavenumber (cm™)
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Photothermal AFM-IR: Applications Overview
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Micro and nanocontaminants Q SRSERR
Case Study with Intel for SPIE Photomask

Paper 13216-28
AFM Nano-IR for photomask in-line defect characterization

1 October 2024 + 11:15 AM - 11:30 AM PDT | Monterey Conf. Ctr., Steinbeck 2 Add to My Schedule

Abstract Authors

As HVM of photomasks of various types and processes expands, defects and their origin are of particular concern. Organic materials are present in many
aspects of a photomask's lifecycle, from carriers and tool hardware to resists and chemical residues. With the emergence of AFM-NanolR failure analysis
techniques, distinguishing organic defects and thin films with high resolution is limited only by the size of the AFM probe. Using Bruker's Icon-IR lab AFM, we
collect IR spectra of many common materials found in our process to build a database, allowing future defects to be matched to our known materials and
general external IR databases. To expand our capabilities, an in-line automated AFM with spectra acquisition capability is required, with cleanliness and
recipe reliability required for factory use. To support this automated toolset, an automated reporting function has been developed to quickly provide
customers with a complete picture of a defect, from AFM scan to IR spectra, complete with IR imaging at wavelengths of interest. This paper seeks to

decode the nature of AFM Nano-IR and its place as an essential in-line defect analysis technique.

Paper 13216-28, AFM Nano-IR for photomask in-line defect characterization
https://spie.org/photomask-technology/presentation/AFM-Nano-IR-for-photomask-in-line-defect-characterization/13216-28
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State of the Art for AFM-IR BRQRER
1. Access to True Chemical Selectivity with Easy Data Interpretability

—— AFM-IR AXR7 bV

Polystyrene spectra
— NILZ FTIR ARZ bV ' 300nm thick sample

M
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State of the Art for AFM-IR (0
2. High Sensitivity (< 1 nm)

1.0

High Performance Tapping AFM-IR

0.8
= High sensitivity: <1 nm on non-metal substrate

o
o

= High spatial resolution: <2 nm
= Controlled probing depth and surface sensitivity

= High measurement speed:
High IR imaging rate; fast spectroscopy /hyperspectral

Absorption (a.u.)
o
~

o
[N)

= Artifact-free: Mechanical compensation with PLL

0.0
1800 1700 1600 1500 1400 1300

Wavenumber (cm™)

= Tapping AFM-IR spectra and image of a thin PLA film sample on mica, courtesy of EAG Laboratories
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State of the Art for AFM-IR sh(REmR
2. High Sensitivity (monolayer sensitivity on HOPG)

Aryloate ester Arylalkyl ether

2.22 nm 0.94 nm 2.26 nm

0.45
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04r  Multilayers
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0.1F

005
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(PeakForce Tapping, PEAKFORCE-HIRS-SSB) A. Hamadeh, et.al., Communications Chemistry, 6, 246 (2023)
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State of the Art for AFM-IR BRGRER

3. High Resolution (molecular resolution: 1-2 nm)
- = Resolution: 1-2 nm (10-90% ‘level’)

= Monolayer (0.8 nm) sensitivity on HOPG

1460em! == - - - oo ¢ 11600 0m:

—

alkyl ether

Amplitude2

2220m ' 094 m ' 2.26nm 100.0 Hz
¥ S = 3 E s 1000 Hz
PLL1 Frequency 20.0 nm PLL1 Frequency 20.0 nm
Collaboration with Pr. Alexandre Dazzi (Université de Paris-Saclay), Unpublished data

Pr. Frank Palmino (Université de Franche-Comté, FEMTO-ST), Pr. Frédéric Chérioux (CNRS, FEMTO-ST)
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State of the Art for AFM-IR sh(REmR
4. High Through-put: Scanning speed of 8 Hz (small, hi-res scans)

[h‘ g lb ® ¥ t-srﬂ'l-S AAF I ?’.ln'." E" P 5 lnrgf-
25nm 10nm
I
I
I
"JE‘ Zaaw Udree ’:)Jt'fr'ﬂ‘- ,:(- Jpow I i~>)('—-'t'a :1 | oo Ham 51-2-v[y
Height Sensor PLL Frequency Amplitude (IR)

= Tapping AFM-IR @ 8.79Hz line rate (500 x 500 nm?, 256 x 256 px), PS-PMMA sample @ 1,728 cm™’
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(C><)
State of the Art for AFM-IR sh(REmR
4. High Through-put: Scanning speed of 8 Hz (small, hi-res scans)

= PS-PMMA block co-polymer, mapping at 1730 cm™, roughness 0.5 nm, 500x500 nm, 256x256 pixels

= TNIR-D probe
4 min (THz) 1 min (4 Hz) 29s (9 Hz)

Amplitude2 100.0 nm Amplitude2 100.0 nm Amplitude2 100.0 nm
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State of the Art for AFM-IR
5. Nanoscale Correlative Imaging - How They Work Together

Adhesion 1.0 ym

He'ght Sensor . Modulus (LogDMT) TOm
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C><)
State of the Art for AFM-IR sh(REmR
5. Nanoscale Correlative Imaging - How They Work Together

Topography (-60 nm ~ 60 nm) Chemical (Butadiene / Styrene)

Adhesion (25 ~ 75 nN)

R @ Ty

Topography Chemistry Functions (NanoMechanics )

Styrene-butadiene rubber with a carbon black filler

<< Tapping AFM-IR + PeakForce QNM >>
© 2021 Bruker
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