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ABSTRACT 
A sacrificial moulding fabrication technique was employed for manufacturing massively parallel (~6 million 

nanopores) electro-osmotic flow (EOF) pumps in silicon nitride (SiN).  The technique enables for a membrane 
with a high pore density and well-controlled pore dimensions up to 100 nm wide and 1 µm long resulting in a 
high-throughput pump at low actuation voltages. 
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INTRODUCTION 
A sacrificial moulding fabrication technique[1] is employed for manufacturing massively parallel (∼6⋅106 

nanopores) electro-osmotic flow (EOF) pumps in silicon nitride (SiN) (Figure 1A).  The technique enables a high 
pore density and well-controlled pore dimensions resulting in a high-throughput pump at low actuation voltages.   

Microfluidic pumps find their use in many fields including healthcare, science, measurement equipment and 
future chip cooling[2][3], but are generally realised as mechanical pumps[4].  Most mechanical pumping tech-
niques result in pulsed or sloshing flows and/or have a minimum flow or moved volume.  Some concepts are 
wear-susceptible related to moving parts. 

EOF pumps do not have these downsides of moving parts, there is no wear.  Most importantly, the linear rela-
tionship between the actuation voltage and the flow in saline solutions gives full control over the flow without a 
minimum flow or sloshing[2][4].  Over the last decades many EOF pumps have been developed, often showing a 
trade-off between high flow and high pressure, and often needing hundreds of volts to tens of kilovolts for 
actuation[2][3][5].  Presented here is an EOF pump that can achieve similar pumping performance when actuated 
only with a few volts. 

Figure 1: Red: SiN.  Green: SiO2.  Dark grey: <100>  silicon.  Light grey: Poly-silicon.(A) The realised EOF Membrane. 
Red: SiN.  (B) Summarised process flow.  Oxidised nanopillars.  (C) Etched SiN with poly-silicon hard-mask.  (D) Single 
sided etching of the sacrificial mould with protective poly-silicon deposition and oxidation.  (D) Single sided etching of the 
top SiN down to the pillar tops.  (F) Finished membrane.   

MANUFACTURING 
By means of double-displacement Talbot lithography (DTL)[6], a square pattern of 100 nm nanodots with 250 

nm pitch is created in photoresist on a silicon wafer.  By deep reactive ion etching (DRIE) 1 µm long round pillars 
are created with a fully tuneable profile by controlling the etching and passivation parameters.  Combining this 
technique with self-limiting oxidation enables the inner silicon to have a diameter typically in the range of       
5-100 nm (Figure 1B).  SiN and poly-silicon are then deposited and the latter is oxidised, after which lithography

A   C         E 

B   D   F 

978-1-7334190-0-0/µTAS 2019/$20©19CBMS-0001 1188 23rd International Conference on Miniaturized
Systems for Chemistry and Life Sciences

27 - 31 October 2019, Basel, SWITZERLAND



 

 

is used to create a hard mask and etch most of the SiN layer (Figure 1C). 
 
By single-sided etching, the bottom SiN and silicon dioxide (SiO2) are subsequently removed and the silicon is 

wet-etched down to the SiO2 after which poly-silicon is deposited and oxidised to create a single sided protective 
hard-mask (Figure 1D).  The SiO2 and poly-silicon are etched single sided to remove the SiN on the top down to 
the tops of the pillars (Figure 1E), after which the protective SiO2 and poly-silicon are removed to create the final 
membrane (Figure 1F, 2A). 

 
PUMPING PERFORMANCE 

For testing, a 1 cm2 chip with 37 square 100 µm membranes containing a total of 5.92 million pores of 455 nm 
length and 83 nm diameter, was placed between two reservoirs with electrodes and measurement tubes as illus-
trated in Figure 2B.  Preliminary tests with a buffered potassium phosphate solution (pH∼8) at 117 mV cross-
membrane voltage showed a maximum flow around 13 µl/min or 0.11 ml/(min⋅V) (Figure 2C), and a calculated 
maximum back-pressure of 14 kPa or 120 kPa/V.  These values were 35% of the initially calculated values; the 
117 mV cross-membrane voltage is a calculated value based on the applied constant 20 mA current, the conduc-
tivity of the solution and membrane geometry.  The applied voltage to the system in this case was in the order of 
120 V. 

 

Future aim is the creation of an integrated pump by increasing the physical membrane strength and recombin-
ing the electrolysis-produced gases. 

 

   
Figure 2 : (A) Sketch of measurement setup with the membrane in the middle (red).  (B) Close up of a cross-sectional cut 

of the membrane showing the etched pores (blue) and parasitically etched holes (red).  The parasitic holes do not affect the 
functionality.  (C) Normalised column height measurement result of the rising buffer solution in one of the two measurement 
columns.  Measurements are taken at 20 mA or 117 mV actuation.  Red: Average and 95% confidence interval.  Blue: Meas-
urement points.  The pumping speed attained starting at 10 min and onward was a little over 13 µl/min. 
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