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In recent years significant effort has been spent to develop strategies for the fabrication of structured (bio)polymer modified surfaces on various substrates to alter the properties or to introduce entities with
specific functions. These still ongoing activities are mainly stimulated by the wide range of applications in various scientific fields, such as lab-on-a-chip technology, bio-interfaces, and tissue engineering.
The utilization of photo-triggered Diels-Alder reactions in combination with shadow masking is an established efficient tool to achieve precise chemically structured surfaces in 2D.[1, 2] However, when
aiming at the fabrication of complex 3D structures equipped with different surface functionalities, direct laser writing (DLW) is the method of choice. Most recently developed photoresists comprising e.g.

orthogonal thiol-yne chemistry and click chemistry for a subsequent dual surface modification open up a facile avenue to fabricate various structures with several tailored functionalities.[3]

Complementary ToF-SIMS and parallel XPS chemical imaging of chessboard structures
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Parallel XPS (X-ray photoelectron spectroscopy) images using the Si 2p peak for the glass substrate (left)

and the C 1s peak for the DLW polymer structure (middle) providing quantitative chemical information.
The corresponding overlay image is on the right.

Pho_to of DLW ToF-SIMS (time-of-flight secondary ion mass spectrometry) images
fabricated chess of relevant fragments for the glass substrate (SiO,, left), the DLW
board structures. polymer chessboard structure (°Br~/ 8:Br-, middle) and of the

corresponding overlay (right).

Fabrication Strategy Verification of post-modification of cuboid structures

¢ Using a novel photoresist system for 3D DLW lithography consisting of
a tetrafunctional thiol, a tetrafunctional alkyne, and a photoinitiator.

*» Exploiting these functional groups as components in corresponding
click reactions for the dual post-modification
=> thiol-Michael addition
=>» copper-catalyzed azide alkyne cycloaddition (CUAAC)

ToF-SIMS images
 after thiol-Michael addition = 7°Br~ and 3!Br~ (left)

e subsequent CUAAC = PEG relevant fragments
C,HO-, C,H,0,~, C,H,0,7, C,H;0,~, C,H:0," (right).
Additional weak unspecific PEG adsorption to the
glass substrate.

ToF-SIMS and HIM characterization of 3D structures

FE-SEM image of DLW ToF-SIMS images of a gold coated structure consisting of four layers Corresponding HIM (helium ion microscopy) images of such a gold coated object to prove

fabricated structures (gold of 3x3 body-centered cubic unit cells including horizontal bars. the structure’s geometrical integrity at high spatial resolution and a 10x higher depth-of-field

coated). C,H, represents the adventitious carbon, Au- origins from the gold compared to FE-SEM. The Au coating can clearly be distinguished from the polymer
coating. structures.

Experimental

Thermo Fisher Scientific K-Alpha XPS-Instrument CO N CI USIONS
« Micro-focused monochromatic AlKo X-ray source, 400 pm spot size Combined complementary ToF-SIMS and XPS imaging provides quantitative images of DLW structures in a

Thermo Fisher Scientific ESCALAB 250 Xi XPS-Instrument non-destructive manner.
« Micro-focused monochromatic AlKa X-ray source, 250 pm spot size ToF-SIMS enables non-destructive 3D chemical imaging and therefore provides the possibility to evidence

- Parallel imaging, spatial resolution < 3 pm differently chemical modified parts of complex DLW structures.

HIM substantiates the geometrical integrity of such structures at extremely high depth-of-field.

ION-TOF GmbH ToF.SIMS> Spectrometer All combined methods use effective neutralizations systems and therefore are ideal for chemical surface
o 25 keV Bi3+ primary oNns, negative po|arity characterization of insulating materials.

o Spatial resolution 4 uym (HC bunched) and <1 um (BA)

Zeiss GmbH Orion Plus Helium lon Microscope

« Edge resolution < 0.35 nm ererences
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