Lenseless coherent imaging by multi-plane interference detection
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A sequence of interferograms of an object is generated at different planes. A
technique for reconstruction is developed and applied to micro-objects down to
sizes of 1 ym. The technique includes the reconstruction of the complex
amplitude. First experimental results are given.

1 Introduction

In holography a known reference wave is used for
generation of a hologram and for its reconstruction
[1]. In inline holography the size of samples is re-
stricted because they have to act as a distortion of
the reference wave. The aim is to overcome this
limit by using multiple plane interference detection.

2 Multi-plane interference detection

The whole complex wave front is given in all
planes, if amplitude and phase of a wave front are
known in one plane. This can be considered as a
three-dimensional interference pattern. Therefore
the intensity distributions in different planes are
coupled with the phase distributions by the diffrac-
tion relations. This relation can be used to recon-
struct the complex wave front by measuring the
intensity distribution in different planes (fig. 1).

Fig. 1 Schema of multi-plane interference detection

There exist iterative algorithms to reconstruct the
wave front from two or more intensity measure-
ments. Gerchberg-Saxton [2] and Yang-Gu [3]
algorithms use assumptions about the object (e.g.
pure amplitude or pure phase object). Algorithms
by G. Pedrini [4], Y. Zhang [5], W. Osten and J.
Tiziani avoid these assumptions for macroscopic
objects. The aim is to resolve microscopic objects
with a resolution down to 1 um. Interferograms are
measured in distances of 5 um ... 1000 ym of the
object plane.

3 Algorithm

(1) a complex field is initialized in the plane z,
where the object is assumed to be

(2) the field is propagated by the diffraction re-
lation to the planes z, ... z,, where the in-
terference patterns are measured

(3) the intensities in the planes z;..z, are cal-
culated

(4) the mean square between calculated and
measured intensities is minimized by con-
jugated gradient method optimizing the
complex field at zy

4 Experiments

Pinholes on a glass wafer were used as sample
objects. The pinholes were illuminated by a mer-
cury lamp at a wavelength of 546 nm. To decrease
and adjust the pixel size a microscope lens was
used (fig. 2).
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Fig. 2 Experimental setup for multi plane interference
detection by coherent imaging

In order to test the resolution of the experimental
setup interferograms of two pinholes with a dis-
tance to each other of 4 ym were considerd (fig. 3).
The diameter of the pinholes was 1.4 ym. The
interference patterns were measured at distances
of 38 ym, 42 ym and 48 ym from the pinholes. The
object was reconstructed from these three images.
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The measured FWHM of the reconstructed pin-
holes is 1.5 ym. The measured distance between
the pinholes is 4.1 ym. This is in agreement with
the original dimensions.
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Fig. 3 double pinhole with a diameter of 1.4 um, dis-
tance between pinholes 4 um (a); interference pattern at
a distance of the object plane of 38 um (b), 42 um (c)
and 46 um (d), reconstructed object (e); enlarged sec-
tion of the reconstructed object (f); intensity cut: dis-
tance between the two pinholes 4.1 um, FWHM = 1.5
um (g); phase cut (h)

5 Conclusions

By using the presented algorithm microscopic ob-
jects can be reconstructed by multi-plane interfer-
ence detection. The lateral resolution in experi-
ments is 1 ym ... 2 ym. No reference wave is used
and no knowledge about the object is required.
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