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ABSTRACT 
Band dispersion has been measured in micromachined separation channels structured with 

orderly disposed cylindrical micropillars. It was found that with an optimal channel design 
the band broadening could be lower by a factor of 3 than in packed columns with a 
comparable particle size. The positioning of the row of pillars closest to the side wall was a 
decisive factor in influencing band broadening.
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INTRODUCTION

In liquid chromatography with packed columns a lower limit for the reduced plate height 
(h) is found in practice. This limit is related to the low degree of order in a packed bed. 
Band dispersion is caused by variations in flow path length and local flow velocity. The 
effect is commonly known as Eddy diffusion. A possible way to further improve the 
efficiency of liquid-phase separations is by using separation channels with perfectly ordered 
structures[1]. Such structures can be etched in solid substrates by micromachining 
techniques. CFD simulations have shown that band dispersion in channels microstructured 
with cylindrical pillars can be much lower than in packed columns[2]. In the work 
presented this theoretical prediction has been validated in practice. 

EXPERIMENTAL 
Different rectangular channels have been etched in a silicon substrate using well known 

clean-room technologies. The channels were enclosed with a glass wafer. All channels were 
10 m deep and 50 mm long; their width varied from 40 to 1000 m. Cylindrical pillars of 
5 or 10 m diameter were left to stand in the channels in an equilateral triangular position, 
with 1 or 2 m interpillar distance, giving a porosity for the channel of 0.40 (Figure 1). 
Perpendicular grooves were etched for solvent delivery and sample introduction. 

Injected sample bands (fluoresceine solutions) were transported through the channels by 
applying pressure on a solvent reservoir. Their movement and dispersion was monitored 
with an EPI fluorescence microscope taking images at different positions along the channel. 
The snapshots taken were processed to yield concentration profiles using standard software. 

RESULTS
H vs. u curves were measured for different channels. The results did not show a 

correlation between channel width and dispersion. However, the structure of the channel 

close to the side wall appeared to be of paramount importance. Channels with flat side walls 

9th International Conference on Miniaturized Systems for Chemistry and Life Sciences
October 9-13, 2005, Boston, Massachusetts, USA

838 0-9743611-1-9/ TAS2005/$20©2005TRF



9th International Conference on Miniaturized Systems for Chemistry and Life Sciences
October 9-13, 2005, Boston, Massachusetts, USA

839

and with embedded pillars were tested (see Figure 2). In both cases the position of the final 
pillar row had to be optimized carefully; otherwise, strong peak tailing or fronting was 
observed with a strongly increased overall dispersion (Figure 3). The optimum pillar - wall 
distance found experimentally was in good agreement with the CFD prediction. 

With an optimized channel design the plate height curve shows a minimum value for h of 
0.2 (Figure 4). This is about a factor of 3 lower than what is possible with a column packed 
with (non-porous, non-retaining) particles. Moreover, the dispersion does not increase at 
higher flow velocities. Therefore, it may be concluded that orderly structured 
microchannels offer possibilities for very efficient and very fast separations. 

Figure 1  SEM picture of a channel structured with 5 m micropillars. The arrow indicates 
the direction of flow. 

Figure 2  Structure of the side wall region, with (a) flat wall, (b) embedded pillars. 
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Figure 3 Fluorescence microscopy snapshots and concentration profiles obtained with an
optimal (a) and a non-optimal wall region.
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Figure 4   Reduced plate height versus reduced velocity curve. The experimental data
points and lower curve are for one of the channels; the upper curve is calculated for a
column packed with non-porous particles.
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