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From the President 
 
 
 
 
 
 
 
Dear members, 
 
the Swiss Society for Optics and Microscopy has traditionally an excellent relationship 
to international organizations. This year Roger Wepf has been elected as president of 
the EMS. Congratulations. He is after Ueli Aebi the second SSOM-member being 
president of the EMS. 
Christophe Moser and Harry Brandenberger contributed the scientific articles published 
in this issue. Thanks to the authors. 
If you feel that you have also an interesting contribution, please contact me our redactor 
(Reto Holzner). 
Our webpage still lacks originality. It should live also from your contributions. If you have 
a picture of the month, a publication or an activity in your scientific field, please contact 
our webmaster (Nadine Matthes). 
The latest news about events you will find always on the SSOM homepage 
(www.ssom.ch). 
 
I wish you an interesting lecture. 
 
 

  
Markus Dürrenberger 
President SSOM 
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Endomicroscopy with multimode fibers 
 

Introduction 
Endomicroscopy is an endoscopic imaging modality which allows imaging biological 
material in vivo. There are a number of approaches to make minimally invasive, i.e 
small diameter, endomicroscopes. They are either based on a bundle of small diameter 
optical fibers (up to 100,000) which deliver illumination and at the same time collect 
backscattered light [1-4]. The fiber-to-fiber pitch is approximately 3 micrometers which 
limits the lateral resolution of this technique. Another approach is to use a single mode 
fiber. At the distal end of the fiber, a small lens is positioned to focus the output from the 
fiber. By scanning the fiber tip with actuators, an image is formed by collecting the 
scattered light fiber point by point with surrounding multimode fibers. This technique, 
called scanning fiber endoscopy (SFE), yields sub-micrometer resolution with a reported 
minimum diameter of 1.0 mm [5]. Yet another method is to use a small CMOS/CCD 
camera directly at the tip of a flexible shaft that also delivers illumination. Fiber bundles 
(FB) have nevertheless remained the main-stay in small flexible endoscopes and 
provide sufficient sampling resolution in many applications. However, the low 
mechanical flexibility of the FB deters the use of high core count bundles. For this 
reason, alternative technologies such as SFE and custom CCD and CMOS image 
sensors are in development to promise higher resolutions and better mechanical 
properties. However, expense and technical complication surrounding color, packaging 
and electronic characteristics, have thus far prevented their adoption. When optical 
zoom is added to any endoscopes to dynamically change the field of view, for example 
to form a large field of view for navigation and a small field of view for detailed imaging, 
the size of actuators increases the footprint of the endoscope (Pentax endoscope 10 
mm in diameter and 1 mm field of view). A comprehensive review of these technologies 
is described in detail in [5]. 
 
Multimode fiber endoscope: principle of operation 
We have recently proposed a new approach [6,7] based on a single multimode fiber, 
which combines the passive feature of fiber glass bundles with the high resolution and 
wide field of view of active endoscopes. Within this year, several other groups have 
successfully applied wavefront optimization based on iterative methods in order to 
achieve imaging through a multimode optical fiber [8-12]. The field is thus very dynamic 
and results to fast advances in ultra-thin endoscopes based on multimode fibers. 
We have experimentally demonstrated a record ultrathin endoscope of diameter 0.5 
mm, capable of imaging a field of view of 200 µm with sub-micrometer resolution. The 
image is formed without moving parts by external electronic means only. 
The working principle of the endoscope is illustrated in figure 1. A phase only spatial 
light modulator (SLM) produces a “specific” modulated wavefront to the input of the 
multimode fiber such as to create a clean focal spot at the output of the fiber. A 
multimode fiber supports many optical modes and as such the output wavefront is 
typically a speckle pattern. However, there exist an input wavefront to a multimode fiber 
such that the output is a clean, speckle free, focus. This can be intuitively understood by 
a time reversing argument: a multimode fiber guide is a linear system with an input and 
output satisfying Maxwell’s equation. Maxwell’s equation remains the same if the time is 
reversed meaning that if the output speckles wavefront is time-reversed, the reverse 
propagation produces the input.  
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Figure 1: working principle of the multimode fiber endoscope: a phase only spatial light 
modulator (SLM) produces a “specific” modulated wavefront to the input of the 
multimode fiber such as to create a focal spot at the output of the fiber. The “specific” 
wavefront is determined by producing a known focus at the distal end of the fiber and 
recording its wavefront as illustrated in figure 2. 
Fortunately, time reversal is possible in optics: the “specific” wavefront is determined by 
producing a known focus at the distal end of the fiber and by recording the interference 
between the wavefront coming out of the multimode fiber with a known coherent 
reference beam as illustrated in figure 2. The wavefront phase is then extracted from 
the interference image. Time reversal is then achieved by presenting the wavefront 
phase to the SLM and then illuminating the SLM with the known reference beam. 
Time reversal is named optical phase conjugation in the optical domain. It has been 
proposed and experimentally implemented as a technique for suppressing the turbidity 
through a scattering medium [13]. This system requires a single image to calculate the 
correct wavefront to produce a desired output (e.g. a focus spot). In order to obtain N 
focal spots covering a desired field of view, N phase images are required. 
Fig. 3 shows the result of phase conjugation following the set-up of Fig. 2. The step-
index fiber parameter is the following: length = 1 m, numerical aperture N.A=0.22, 
wavelength= 1064 nm. This fiber supports 1870 modes. The laser beam is focused with 
the use of a 40x microscope objective (left in Fig 2.) onto the fiber input facet. The beam 
waist, w0, of the excitation spot is equal to 2.25µm. 
The speckle pattern generated at the output of the fiber is presented in Fig. 3(a). The 
speckles are both randomly and uniformly distributed over the whole fiber facet 
indicating that a large number of the supported modes are excited and interfere at the 
output. The phase of the optical field, calculated by the captured hologram is presented 
in Fig. 1(b). The phase image is assigned to the SLM which is illuminated by the 
readout beam. The resulting modulated wavefront propagates back through the 
multimode fiber. A very sharp focus spot is observed at the other end of the fiber. The 
contrast of the focus, which is defined as the peak value over the mean of the 
background, is evaluated to be ~1800. 
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Figure 2: A focal spot generated by a microscope objective (lef) serves as the input to 
the multimode fiber. at the distal end of the fiber and recording its wavefront as 
illustrated in figure 2. 
 

 
Figure 3: Focusing through a multimode fiber using digital phase conjugation. (a) 
Reconstructed speckle pattern at the output of the fiber as a result of a focus 
propagating along the multimode fiber. (b) Calculated phase. (c) Phase conjugated 
focus point at the input of the fiber. (e), (f) Random phase pattern and the 
corresponding image at the output of the fiber. (d) Profiles along the red dashed line 
drawn in (c) and (f). In blue the profile after phase conjugation and in red the profile 
without. (d) Inset. Detail of the plot where the limits of the y-axis are set from 0 to 0.04. 
The white circle in (c) and (f) defines the multimode fiber core. Scale bar in (c) and (f) is 
20µm.  
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On the contrary, if the beam is modulated with a random phase pattern, as depicted in 
Fig. 1(e) no focusing is observed. The field gets scrambled while propagating, 
generating a new random speckle pattern at the other end of the fiber. This result 
demonstrates that digital phase conjugation is an efficient way for producing an intense 
focus through multimode optical fibers. 
  

 
Figure 4: Images of fluorescently stained neuronal cells acquired with the multimode 
fiber endoscope compared against conventional images acquired with a microscope 
objective. (a) – (c)  widefield fluorescent image of neurons and (b) (d) fluorescent 
images with the multimode fiber endoscope . Field of view is 60um by 60um and scale 
bars in all images are 10µm. 
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In order to produce an array of 2D focal spots on the distal end of the endoscope, a 
phase pattern is calculated for each spot and saved in the computer’s memory. The 
phase patterns are then projected sequentially onto the SLM and the readout beam 
picks up the phase information on the SLM which will give just the right wavefront to 
focus the beam at the intended location at the distal end of the fiber. The endoscope is 
thus well suited for providing fluorescence images point by point. At each focal spots, 
the fluorescence generated by the sample under test is collected by the same large 
aperture multimode fiber, which is guided to the proximal end of the fiber and then 
detected by a single detector or a camera as illustrated in Fig. 2. 
In order to obtain resolution, below 1 µm, a new endoscope was built with a green light 
source (532 nm) and a multimode fiber with 200 µm core, N.A=0.37. The endoscope 
imaging capability is shown in Fig. 4. Widefield reflection fluorescent images are shown 
in the left column (a-c). The images in the right column (b-d) are fluorescent images 
obtained with the multimode fiber endoscope. The quality of the acquired images can 
potentially lead to effective diagnosis that depends on cellular phenotype.  
These images have a field of view of 60 x 60 µm at a distance of 200 µm from the distal 
end of the endoscope. The focusing distance can be adapted to any depth simply by 
supplying the corresponding phase pattern to the SLM. Thus it is possible to adapt the 
effective focal length of the endoscope by pure electronic means. This feature is useful, 
for example, to navigate the endoscope to an appropriate location with a long focal 
length and then revert to a high resolution, small focal length to obtain sub-micrometer 
resolution images. 
 
Conclusions, challenges and outlook 
We have demonstrated that, by using digital phase conjugation to focus and scan the 
light in a multimode fiber, we have achieved sub-micrometer resolution fluorescent 
imaging of fluorescently stained neuronal cells. The quality of the images offers an 
opportunity for direct diagnosis based on cellular phenotype. The combination of high 
resolution, ultra-thin diameter, adaptable focal length in a passive endoscope offers 
unique opportunities compared with SFE, FB and micro CMOS/CCD endoscope 
systems for minimally invasive high-resolution endoscopic imaging through direct tissue 
penetration.  
A major challenge for multimode fiber endoscopes is the modal dispersion dependence 
on the spatial conformation (bending) of the fiber. This requires that the fiber 
transmission property be computed in real time for the fiber endoscope to retain its 
flexible capability. Several research groups including ours are currently working on this 
challenge. One possible solution to facilitate early acceptance is to make the fiber rigid, 
therefore avoiding bending. 
 

Christophe Moser, Ioannis N. Papadopoulos, Salma Farahi, Demetri Psaltis 
 

School of Engineering 
EPFL, 1015 Lausanne 

christophe.moser@epfl.ch 
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ETH Zürich, 
zur Wahl zum  
EMS Presidenten. 

Die gratuliert 
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Correlative Microscopy holder for forensic applications 
 

The examination of documents is one of the classic topics in forensic science. The 
patterns formed by crossing streaks are typically investigated by using light 
microscopes (LM) and electron microscopes (EM). However, the images from the two 
types of microscope look completely different and are difficult to correlate and interpret. 
 

    
 
Fig. 1: Streak crossing under light and electron microscope, same position (courtesy of 
Urkundenlabor, KaPo Zürich) 
The Urkundenlabor (document library) at the Forensic Institute, Canton Zurich Police, 
uses a tool called "Shuttle & Find" from Carl Zeiss to interpret the information from both 
microscopes. The problem was that the available sample holders did not fit to these 
type of applications: Based on ideas from users, Gloor Instruments has solved this 
problem by developing a special holder who covers the requirements. 
 

 
 
Fig. 2: Holder system consisting of an LM adapter, a holder frame with markers and a 
core disc with samples attached to the surface. In the corner of the holder, stub 
positions are available for reference samples. 
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"Shuttle & Find" consists of a sample holder and software that can be used with 
different microscopes. The holder has three markers that are used for automatic 
registration between the LM and EM. The samples are attached to a central disc, which 
can be removed for coating purposes (see Fig. 2, right). The disc fits very precisely in its 
housing, thus allowing the disc to be reproducibly repositioned in the holder. 
Furthermore, separate adapters for LM and EM enable a simple transfer from one 
system to the other. 
The images from the microscopes together with the relevant coordinate parameters can 
easily be transferred between the microscopes. This enables not only a simple 
relocation, but also the simultaneous display of the two overlaid images: 
 

  
 
Fig. 3:  Overlaying the EM and LM image 
The core discs have laser-engraved numbers which makes it easy to archive the 
document samples. 

Harry Brandenberger 
Gloor Instruments AG 
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