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The presentation illustrates fast prototyping methods of microfluidic devices for future medical applications. It 

comprises the simulation of the microfluidic conditions, the laser assisted fabrication of the prototypes, their 

surface modification and the integration into the infrastructural devices. Several examples are chosen in order to 

give an overview about the span of the methods: In the first example a microfluidic cell sorting chip is presented 

fabricated with laser ablation See figure 1a-c.  

   

Figure 1a. Cell separation prototype Figure 1b. CFD simulation Figure 1c. Detail of prototype 

The separation principle is based on the fact that laminar flows can flow undisturbed side by side without any 

other material transport than diffusion [1, 2]. This is also shown in figure 2 in which a demonstrating structure 

receives a colored inlet flow aside with a transparent flow. The meander system shows the mixing between the 

two flows due to diffusion and flow direction changes. Using this type of separation technique it is possible to 

establish more 

 

advanced flow patterns. The principle of hydrodynamic focusing 

(HDF) is using for example two auxiliary guiding flows and 

placing a sample stream between them. With this method it is 

not only possible to guide the sample inside of a microfluidic 

system with high precision but also the width of the sample can 

be varied with the desired accuracy. By coupling the microfluidic 

chip system with micromagnetic components a disposable fluidic 

platform has been fabricated, which can be used for e.g. toxicity 

tests of externally grown microorganism. Figure 3 demonstrates 

the principle of HDF in which three different micrographs are 

shown for specified flowrates. A sample flow is in this way 

guided over different areas of a chip. The four round pillars are 

metallic elements for the distortion of a magnetic field for 

capturing of magnetic particles. Fig. 4 is presenting the 

simulated magnetic field which will be distorted by an array of 

3x3 NiFeMo wire elements placed in a homogenious magnetic 

field established by two permanent magnets with approxiametly 

0.3 T [3]. The local gradients of the magnetic field are causing 

Figure 2. Laminar separation of flows 

 

Figure 3. Hydrodynamic focusing 



 

attraction and repelling forces towards the surface of a 

microfluidic chamber in which the magnetic particles are flowing 

through. The dark spots in the simulation symbolize the 

attraction spots, while the micrograph to the right present dark 

spots of accumulated micrometer sized magnetic particles 

attracted to the surface of the chip systems. Coupling the 

particles to microorganisms the system gives a good platform for 

the separation of the organisms from the fluid flow. They can 

now be treated e.g. with drug candidates while they can be 
Figure 4. CFD Simulation of magnetic influence 

along with experimental results 

observed under the microscope and real time biological responses can be detected.  

Microfluidic systems use however also the advantage of short diffusion distances, which results in fast responses 

and fast separation times. In figure 5a a prototype of a fluidic separation cartridge is presented which is fitting onto 

an optical sensor (Surface Plasmon Resonance) system for detection of illegal substances. Inside of this cartridge 

a dialysis membrane is separating the influent saliva sample stream from a buffer stream. The target analytes 

diffuse through the membrane and subsequently the substances are ready for detection. An efficacy test has 

been performed and is presented in figure 5b 

 

However sometimes it is difficult to obtain the desired 

precision with the laser assisted prototyping 

techniques. In such cases clean room processes might 

be necessary to achieve the desired structures, while 

in other cases e.g. for the cell culturing of large 

amounts of cells (>5mio cells per chip), the integration  

of pumps, valves and large surfaces, the laser might  Figure 6a. Microfluidic separation cartridge 

 

Figure 6b. Separation efficacy 

  

Figure 7a. Nanoimprinted IDE 

used for different applications 

Figure 7b. Disposable cell 

cultivation chip, with integrated 

reservoirs, membrane pumps and 

check valves. 

be the appropriate prototyping tool. Two such examples are 

given in figure 7a and b.  
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