
 DGaO Proceedings 2005 – http://www.dgao-proceedings.de – ISSN: 1614-8436  

Integrated Micro-Optics for Microfluidic Systems 

M. Amberg*, E. Eriksson**, J. Enger**, M. Goksör**, D. Hanstorp**, S. Sinzinger* 

*Department of Technische Optik, Technical University of Ilmenau 

**Department of Physics, Göteborg University 

mailto:martin.amberg@tu-ilmenau.de 

Generation of multiple traps within a microfluidic channel is a subject with 
practical applications e.g. in life sciences. In the approach presented here a 
diffractive optical element, integrated in the channel walls, is used to generate 
the necessary spot pattern. 

1 Introduction 

Microfluidic systems have a large variety of appli-
cations in biomedicine and life sciences. One of 
the problems occurring in practical systems is the 
adhesion of cells and micro-particles to the walls of 
microfluidic channels and reservoirs. For scientific 
examinations, e.g. for drug testing, it is necessary 
to expose specific test cells to different media. The 
cells are moved between the reservoirs e.g. by 
optical tweezers and kept there for a specific pe-
riod of time [1,2]. This is a very time consuming 
experiment if the cell under examination must be 
kept in the laser trap during the whole reaction 
cycle. Introducing an array of fixed traps in the 
reservoir keeping a few cells, each in its own trap, 
would make total control of the experiment possi-
ble. In this case the movable optical trap is re-
quired only for transport from one reservoir to an-
other. In this project we investigate possibilities to 
integrate optical functionality in the microfluidic 
system to generate the static weak optical traps 
without additional optical components which would 
have to be aligned to the microfluidic system. Al-
ternatively this system setup could be used to 
generate light distributions for sorting particles 
within a flow [3]. 

2 Goal of work 

Until now, microfluidic- and optical systems have 
not been integrated into the same substrate. Using 
planar integrated free space optical (PIFSO) sys-
tems it is possible to integrate both functionalities 
within one substrate. The idea of PIFSO systems 
is to integrate common free space optics into a 
glass substrate [4]. This means the optical axis is 
folded and the light travels on a zigzag path be-
tween the reflection coated surfaces (see fig. 1). 
The optical elements, commonly diffractive ele-
ments, need to be corrected for the oblique inci-
dence of light and are etched with sub micron pre-
cision into the surfaces of the substrate. No opto-
mechanical alignment of the individual optical 
components is necessary the whole system is 

integrated monolithically. These systems are ready 
for use immediately after fabrication. It was shown 
by various authors that PIFSO systems have ap-
plications in fields such as optical communication 
and security [5,6]. Combination of PIFSO systems 
with microfluidic systems is straightforward as both 
applications use the same technical fabrication. At 
present, these PIFSO systems are fairly inefficient 
and need to be optimised e.g. by integration of 
refractive components [7]. 

  
Fig. 1 Principle setup of a PIFSO system. 

3 Basics requirements for optical trapping 

Optical tweezing systems are a common technol-
ogy and are commercially available. Most of the 
tweezing systems are single trap tweezing sys-
tems which can handle only one test particle at a 
time. Optical tweezers are normally built up with 
microscope objectives with a high numerical aper-
ture (NA), e.g. NA = 1.3 with oil immersion and a 
magnification of 100x. These objectives are well 
corrected for aberrations and focus the light to a 
diffraction limited focus. The focused wave field 
exerts two kinds of forces on “larger” (>wave-
length) particles which allow the trapping. One is 
the radiation pressure, pushing the particles along 
the optical axis out of the focus and the other is the 
axial gradient force pulling the elements into the 
focus. For optical tweezing it is necessary that the 
gradient force is stronger than the radiation pres-
sure to keep the particles within the focus of the 
laser beam. For smaller objects, down to 5nm, the 
trapping is based on developing an electric dipole 
moment in response to the light’s electric field [3]. 

4 Preliminary experimental setup 

In a preliminary experiment we demonstrate that it 
is possible to generate the spot pattern, required 
for keeping particles away from the walls, within a 
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semi-integrated system. The channel system is 
built up by a microscope cover slip with a PDMS 
layer containing the microfluidic system. The com-
bination of these materials allows one to set up a 
system sealed against leakage of the liquids. On 
the other side of the cover slip is a silica substrate. 
This substrate contains the diffractive beam split-
ter, calculated to generate four spots in a square. 
For the preliminary test system the distance be-
tween the spots is designed to measure 15µm and 
the distance to the channel surface between split-
ters have been designed to meet this requirement. 
In order to achieve the largest possible numerical 

 
Fig. 2 Preliminary setup. 

aperture for higher trapping forces an additional 
diffractive lens is integrated in the diffractive optical 
element, which provides additional focusing power. 
The lithographic fabrication of diffractive optics 
makes it possible to combine the beam splitter and 
the additional lens within one substrate. To 
achieve this, the phase structures of both elements 
are added. This procedure is shown in Figure 3. 
Since the beam splitter is an element of about 37 
by 37 pixels, it needs to be replicated periodically 
in order to fit the size of the lens (approx. 350 by 
350 pixels). When varying with the minimum fea-
ture size (smin= 2µm-1µm) of the diffractive ele-
ments the numerical aperture varies: 
NA=1.01…1.28. This is good enough for trapping 
at least smaller particles within such a system.  

 
Fig. 3 Combination of a diffractive beam splitter and a 
diffractive lens Experiment 

The diffractive optical element is calculated and 
fabricated to work with a Nd:YVO4 laser at 
1064nm. This is the wavelength typically used to 
handle biological objects. The output power of the 

laser is > 200mW. Within the experimental setup 
we use a Nikon 20x / 0.5 long working distance 
microscope objective for trapping and an Olympus 
40x / 0.55 objective for observing the result. Ob-
jects for trapping are 0.5µm polystyrene spheres. 
These spheres are fluorescent to make them more 
visible with the Olympus objective. With this setup 
it is possible to trap the particles within the calcu-
lated four spots as seen in fig. 4a. After turning off 
the laser all trapped particles move away (see fig. 
4b).  

 
Fig. 4 (a) Four particles are trapped in the diffractive 
pattern and (b) particles disappear after turning off the 
laser 

References 
[1] K. Ramser, J. Enger, M. Goksör, D. Hanstorp, K. 

Logg, M. Käll, "A microfluidic system enabling Ra-
man measurements of the oxygenation cycle in sin-
gle optically trapped red blood cells", Lab-on-a-chip, 
5, (2005). 

[2] J. Enger, M. Goksör, K. Ramser, P. Hagberg, and 
D. Hanstorp, "Optical tweezers applied to a microflu-
idic system", Lab-on-a-chip, 4, 196-200, (2004). 

[3] D. G. Grier, “A revolution in optical manipulation,” 
Nature 424, 810-816 (2003). 

[4] J. Jahn and A. Huang, “Planar packaging of free 
space optical interconnections,“ Proc. of the IEEE 
82, 1623-1631 (1994). 

[5] S. Sinzinger, “Microoptically integrated correlators 
for security applications,“ Opt. Comm. 290, 69-74 
(2002). 

[6] M. Gruber, “Planar-integrierte photonische Mikro-
systeme zur parallelen optischen Kommunikation in 
der Informationstechnik von morgen,” Logos Verlag 
Berlin (2003). 

[7] M. Amberg, and S. Sinzinger, “ Design Considera-
tion for Efficient Planar-Optical Systems,” Opt. 
Comm. submitted (2005). 

Acknowledgements 
This work, as part of the European Science Foundation 
EUROCORES Programme SONS, was supported by 
funds from the Deutsche Forschungsgemeinschaft DFG 
and the EC Sixth Framework Programme.  
Part of this experiment was performed at the SWEGENE 
core facility “Centre for Biophysical Imaging” at Göteborg 
University and Chalmers University of Technology, Swe-
den. 
Thanks to J. Jahns and T. Sailer (Fernuniversität Hagen) 
for their help in etching the diffractive structures. 

a b 

http://www.dgao-proceedings.de

