METROLOGICAL APPROACH TO SERS 3D
PLATFORM CHARACTERISATION

Eleonora Cara

Advanced Materials and Life Science
INRIM

I t— I a b Italian Network for
Micro and Nano Fabrication

NRIM

ISTITUTO NAZIONALE
DI RICERCA METROLOGICA

¥
=



METROLOGY

Metrology Is the “science of measurement, embracing both experimental and theoretical
determinations at any level of uncertainty in any field of science and technology’ - BIPM
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Important goals of metrology:
develop physical and chemical analytical methods

and promote the comparison of results

Surface-enhancement Raman spectroscopy (SERS)
| Efficient fabrication for active substrates

/. Accurate evaluation of the SERS performance



SURFACE-ENHANCED RAMAN SCAT TERING
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Substrate requirements:
profitable enhancement
good homogenelty
high sensitivity

Hot spots engineering
known location
molecule position
large-area distribution ® Probe molecule
high density

M\ Nanostructure
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FABRICATION STRATEGY: AU-COATED SINWVS

NSL MACE
Nanospheres lithography: |- Metal-assisted chemical etching:
large area high aspect ratio
Optical lithography Electron beam lithography

(5 mm — 800 nm) (500 ym — 50 nm)
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Nanospheres lithography
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NANOSPHERES LITHOGRAPHY

Self-assembly driven by capillary forces in a thin wetting film on a solid substrate

Hexagonal close-packed (HCP) symmetry: highest packing density




NANOSPHERES LITHOGRAPHY

Self-assembly driven by capillary forces in a thin wetting film on a solid substrate

Hexagonal close-packed (HCP) symmetry: highest packing density

Monolayer




FABRICATION STRATEGY: NSL
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METAL-ASSISTED CHEMICAL ETCHING

Anisotropic wet etching of semiconductors

Oxidising agent + catalytic metal + etching reactant
Au
2H* + H,0, — 2H,0 + 2h™ Si +4HF; + 2h* — SiF:™ + 2HF + Hy(g)

Azeredo B. et al., Adv. Funct Mater;, 2016, 26

A Non-Porous Silicon Porous Silicon
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non-porous Si

* model demonstrate in Geyer, N. et al,, |. Phys. Chez. C,2012, | |6

High and tunable etch rate: um-long structures
in few minutes

|0 nm/h In off-metal areas



METAL-ASSISTED CHEMICAL ETCHING

Anisotropic wet etching of semiconductors

Oxidising agent + catalytic metal + etching reactant

Au
2H" + H,0, — 2H,0 + 2h* Si +4HF; + 2h* — SiF:™ + 2HF + Hy(g)

Azeredo B. et al., Adv. Funct Mater;, 2016, 26

A Non-Porous Silicon Porous Silicon

\h4 ¢¢¢¢¢¢¢¢¢¢H&¢
T

non-porous Si

* model demonstrate in Geyer, N. et al,, |. Phys. Chez. C,2012, | |6

High and tunable etch rate: um-long structures
in few minutes

|0 nm/h In off-metal areas



M

- TAL-ASSIS T

Au

D C

2H* + H,0, —» 2H,0 + 2h*

HF HF

SiF¢3 ISiFg—
IS

-MICAL

Anisotropic wet etching of semiconductors

Oxidising agent + catalytic metal + etching reactant

-1 C

ING

Si +4HF; + 2h* — SiF:™ + 2HF + Hy(g)

Azeredo B. et al., Adv. Funct Mater;, 2016, 26

* model demonstrate in Geyer, N. et al,, |. Phys. Chez. C,2012, | |6

|0 nm/h In off-metal areas

High and tunable etch rate: um-long structures
in few minutes

A Non-Porous Silicon
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METAL-ASSISTED CHEMICAL ETCHING

Anisotropic wet etching of semiconductors

Oxidising agent + catalytic metal + etching reactant
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FABRICATION STRAT
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FABRICATION STRATEGY: AU-COATED SINWVS

NSL MACE
Nanospheres lithography: |- Metal-assisted chemical etching:

* large area * high aspect ratio

Objectives of fabrication

* Induce nanowires bending

* maximise the order | |
* adjust molecular trapping

10



TUNING THE ORDER

Optimisation of the HCP monolayer formation

Cara, E. et al. Sci. Rep,, 2018, 8, | 1305
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TUNING T

* Optimisation of t

Cara, E. et al. Sci. Rep,, 2018, 8, | 1305
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TUNING THE ORDER

Optimisation of the HCP monolayer formation

Cara, E. et al. Sci. Rep,, 2018, 8, | 1305
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TUNING THE ORDER

* Optimisation of the HCP monolayer formation

Lowest defectivity
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* Correlation length: quantification of the degree of order
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Intensity / counts - s~!

OT SPOTS AND MOLECULES LOCATION

Test on different mechanical configurations: post-deposition leaning or pre-
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Kara, S et al. RSC Adv, 2016, 6, 93649
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ORDER-DEPENDENT INTENSITY
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OT1S MORP

OLOGY

Correlative microscopy: Raman mapping + SEM
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OT SPOTS MORPHOLOGY

Correlative microscopy: Raman mapping + SEM
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METROLOGY FOR SERS

Surface-enhancement Raman spectroscopy (SERS)

|. Efficient fabrication for active substrates

/. Accurate evaluation of the SERS performance

Homogenerty | | Sensitivity

Essential parameter for the evaluation of SERS substrates
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-NHANCEMENT FACTOR

Isgrs/Nsgrs
INR/NNR
Normal Raman (NR) conditions: in liquid measurements

EF =

number of molecules in the probe volume Nygr = cnr -V
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intensity 1593
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number of probed molecules Nqprs = Bmol * AM * Hum - Aetr

Intensity / A.U

SERS conditions:

intensity

Intensity / A.U

Cara, E. et al. 2020, submitted
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Elemental surface density

GS=

k

PS,K'
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REFERENCE-FREE X-RAY FLUORESCENC

Elemental surface density

1
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Fundamental atomic

parameters and calibrated
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Molecular surface density
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THEORETICAL SIMULATIONS

Molecular dynamics simulations: force field among the molecules
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FINAL REMARKS

Self-assembly-based fabrication: long-range-
ordered and flexible nanostructures over large
area

Morphological manipulation for hot spots

Metrological evaluation of the substrate
efficiency

enhancement factor: traceable calibrated RF-
XRF for molecule quantification
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FINAL REMARKS

Self-assembly-based fabrication: long-range-
ordered and flexible nanostructures over large
area
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FINAL REMARKS

Self-assembly-based fabrication: long-range-
ordered and flexible nanostructures over large
area

Morphological manipulation for hot spots

Metrological evaluation of the substrate
efficiency

enhancement factor: traceable calibrated RF-
XRF for molecule quantification

TAKE-HOME MESSAGE

Aim for reproducibility in experiment through
standardisation of the fabrication protocol.

Allow comparison with other laboratories through clear
description of assumptions and methods.
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FINAL REMARKS

Self-assembly-based fabrication: long-range-
ordered and flexible nanostructures over large
area

Morphological manipulation for hot spots

Metrological evaluation of the substrate
efficiency

enhancement factor: traceable calibrated RF-
XRF for molecule quantification

TAKE-HOME MESSAGE

wm & Cite This: ACS Nano 2019, 13, 4862-4864 WWW.acsnano.org

Redefining the Experimental and Methods
Sections
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