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1 INTRODUCTION AND MOTIVATION

Quality control for systematic improvements in spatial resolution up to the microscopy range becomes increasingly relevant not only for preclinical imaging but also for High Field
Magnetic Resonance (MR) human scanners. Phantoms for checking quantitatively and objectively the actual available spatial resolutions on an optical or MR imaging device do
serve as an objective reference quality control device. Such phantoms are usually based on a set of plane grids featuring several different spatial frequencies for the quantitative
evaluation of the modulation transfer function (MTF). However there are no test-structures available, that can be used for the evaluation of the MTF in 2 and 3 orthogonal
dimensions for different 3D- imaging modalities in the microscopic range. We here report about the first evaluation results of a KNMF short track proposal for manufacturing these
resolution phantoms using the advanced micro-structuring technologies available at the KNMF: Deep X-ray-lithography!'land 3D-Direct laser writing!2! (Proposal-ID: 2017-018-019611):

Two- and three-dimensional Phantoms for Quantification of spatial Resolution in multimodal MR-Microscopy, u-CT and 3D-optical Microscopic Methods (OCT).

2 MATERIALS AND METHODS

2.1 Phantoms 2.2 Imaging Methods 2.2.2 Optical coherence microscopy (OCM)

Two different design concepts have been drafted for the 2.2.1 MR-microscopy Optical coherence microscopy is a non-destructive optical
qualitative and quantitative proof of spatial resolution for the 2- MR-microscopy (MRM) is performed on a high- imaging method. The image contrast is based on the
dimensional and 3D-imaging methods MR-microscopy and field (7T) human MR-scanner equipped with a intrinsic scattering of light within the tissue using the low-

Optical Coherence Tomography (OCT): prototype strong gradient system (G=750mT/m) coherence interferometric light backscattered from the
and sensitive prototype radio-frequency detectors investigated tissue with a reference light beam. High-
2.1.1 2-dimensional Test Structure Designh (Phantoms) (rf-coils) for MR-microscopy!*l (Fig. 3b). For resolution, two- and three-dimensional images can be
The phantom-design is based on standard proposals for the imaging, phase- and frequency encoding (fig. 3a) created in real time (fig. 4).
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3.2 Standard 2D- optical Microscopy and 3-dimensional

3 RESU LTS 3.2 3-dimensional MR-microscopy Optical Coherence Microscopy (OCM)
: . . A multi-slice 3D Turbo-spin echo sequence . .
3.1 2-dimensional MR-microscopy (TE=17ms TR=3s, av: 8) allowed for obtaining 3.2.1 Standard optical microscopy resolved the surface

The slice-selective encoding was adjusted to the layer of the 2D-  sotropic voxel sizes and visualization of the structure of all of the 3D cubes. However the
grid phantom such, that both of the orthogonal grids could be largest cubes (fig.6). manufacturing artefact inside the largest cube could not be

observed (fig. 5). Visual qualitative inspection in vertical direction visualized (fig. 7).
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Fig. 5a Realistic example of a slice selective MR-scan (Vs: 31x31x120um>. right bottom) of the corresponding slice, visualized from
Mtx:160x320, 3 sl, TA<5min) of the phantom positioned in the plane of the 2 the same 3D-MRI data set. Such type of manufacturing
orthogobe visualizednal grids. (yellow line: profile path for determination of ~ ©rrors inside the object can hardly be detected by surface
the MTF (fig.5b). The resolution criterion (M,y,,,=0,5!) delivers a critical ~ ><4"MINg techniques as scanning electron microscopy SEM
spatial frequency:K, ~10.4 Ip/mm, which corresponds to a  smallest  (cf-fig. 2) and standard optical microscopy (see fig. 7).

detectable structure (spatial resolution): a/2=48um>>31um (pixel size).

Fig.8a (left) Optical coherence microscopy
(OCM) en-face view (from top; averaged =1 um
thick slices). Note the contrast between the
hollow areas and the polymer resist bars of the
3D-grid featuring a lateral size a,/2= 2um (top).

4 SUMMARY AND CONCLUSION

An orthogonal set of grids featuring periodic bar-slit couples between a,/2 = 128 ym and a./2 = 8 ym at structural depth of 120 pm was manufactured using deep X-ray lithography
with excellent straight walls and congruent bar-to-slit width. We were not successful in manufacturing smaller structures than 8 pm as defined by the design and mask, mainly due
to mechanical instabilities of the thin lamellae. The structure can conveniently be used for a qualitative quick check on spatial resolution in MRM for 99% of actual MRM scanner
devices. Moreover the Modulation Transfer Function (MTF) in two orthogonal directions e.g. for phase and frequency encoding can be easily derived from a profile measurement.
The quantitative determination of spatial resolution can be obtained using a resolution criterion based on the minimum relative modulation depth or modulation-to-noise ratio.
Using 3D-Direct-Laser writing (3D-DLW), we were able to manufacture a complete set of 3D-cubes with bar width between a,=128 pm and a,=4 pm. This new design and prototype
cube set can be used for checking spatial resolution in-plane including impact of different slice thickness for 3D-MR-microscopy and optical coherence microscopy (3D-resolution).
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