Fourier Domain Optical Coherence Microscopy
with extended depth of field
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Motivation

Fourier Domain Optical Coherence Tomography (FDOCT) is a high speed biomedical
imaging modality which extracts the sample structure in depth. The axial resolution iIs
given by the coherence length of the employed light source. The lateral resolution on the
other hand is determined by the numerical aperture (NA) of the objective. The parallel
detection of the depth information has the drawback of loosing transverse resolution

along the optical axis, limiting the depth of field (DOF) and the use of FDOCT in the field of
microscopy. The principle idea to overcome this problem is to illuminate the sample with a
nensiy aisouion n e focal zone or e CYlINArically symmetric interference pattern. Such Bessel beam illumination creates a
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extended DOF setup. The surfaces indicate the

e, 11e? and 11e* locations o the maximu value laterally highly confined needle extending several 100um along the optical axis in depth.
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Results

Developmental Biology
(LDCS¥)

The easily accessible hair fol-
licle allows to study cellular and
molecular mechanisms that
control linage specification. The

tomogram below shows a rat fol-
licle (200x500x60um).
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, DOF oc —iL be described as a Bessel beam [2]:
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This interference pattern is imaged into the

Lateral Position [y] sample by the telescope lens/objective. The de-
Intensity distribution behind an  tection is confocal but decoupled to increase de-
axicon with 3 = 1°. tection sensitivity [3].

Diabetes Research (SV**, CMU***)
The amount and functionality of islets of
Langerhans in the endocrine pancreas are
of particular interest in diabetes research.
They contain the secretory [(3-cells which
produce insulin. However, the islets only
represent about 2 vol.% of the entire pan-
creas. The tomogram to the left shows
1.5x1.5mm ot the lobular structure of exo-
crine rat pancreas.

System Parameters

Axial resolution of 3um
Lateral resolution of 1.5um
over a depth range of 200um
High sensitivity of 105 dB

Conclusion and Outlook

* Extended DOF by use of an axicon

* High image contrast, unachievable for classical micros-
copy without fluorescent or labeled samples

* Application in current biological research

— Comparison of OCT data with histology of the samples
— Implementation of beam steering for faster scanning
— Combination with fluorescence microscopy for func-

tional imaging
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