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1. Introduction 

This report presents the fabrication and the characterization protocols of microfluidic chips 

integrating PVDF microporous membranes for mimicking membrane crystallization at the 

microfluidic scale.  

Two different sets of channel networks were designed (i) to characterize the microfluidic chip 

(hydraulic resistance of the channels) and the transmembrane water flux in-situ, but also (ii) to 

perform preliminary membrane crystallization experiments.  

This report synthetizes the fabrication protocol of the microfluidic chip, making an extensive use of 

soft lithography techniques using PDMS stamps embedding networks of microfluidic channels. 

Briefly, a PVDF microporous membrane is clamped between two PDMS stamps, themselves 

sandwiched between two PMMA plates for avoiding leakages. Fluidic connections are done within 

the PDMS stamps to make possible the injection of fluids, such as air for the permeate side and 

aqueous solutions for the retentate side, see later for definitions. 

This document also reports a method to characterize precisely the hydraulic resistance of the channel 

networks from measurements of the volumetric rate of water flows at imposed pressure drops. By 

playing on the screw torques clamping the PMMA plates used for avoiding leakages, we showed that 

it is possible to minimize channel deformation, still avoiding liquid leaks. 
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2. Microfabrication 
 

Soft lithography is used for fabricating microfluidic chips integrating PVDF membranes for 

mimicking membrane crystallization at the microliter/nanoliter scale. Soft lithography makes use of 

standard photo-lithography techniques to fabricate networks of microchannels, designed from a mask, 

within a PDMS stamp.  

2.1 Masks Designing 

Different patterns, shown in Figure 1, were designed for the two versions of the microchips. These 

masks are drawn using a vectorial software (CleWin3), and printed at high resolution (19000 dpi) on 

transparent masks. The patterns for the first version of the microchip (Figure 1 (a), (b) and (c)) consist 

in long channels with an inlet at each side. For the retentate side (corresponding to the side where 

aqueous feeds containing solutes to be crystallized will be injected), the channel width ranges from 

100 to 250 µm width. For the permeate side (corresponding to the side where flow of air or aqueous 

solutions will extract the solvent by evaporation through the membrane from the retentate), the width 

of the channel was 1000 µm. In the case of the second version of the microfluidic chips (Figure 1 (d) 

and (e)), the retentate side contains 4 identical dead-end channels with a width of 400 µm, and for 

permeate side, 4 linear channels of width 1000 µm.  

 
Figure 1: Masks used for the microchip and membrane characterization ((a), (b) and (c)) and crystallization experiments ((d) 

and (e)). 

The width of the channels of the permeate side in both versions is larger than the width of the channels 

of the retentate side, to (i) facilitate the alignment of the two PDMS stamps, and (ii) to increase flow 

rate within the permeate side for a given pressure drop. The designs are also optimized to, on one 

hand, have a maximum common surface and, on the other hand, to avoid the superposition of the 

inlets, which induce liquid leakages at the inlet level (Figure 2).  
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Table 1 summarizes the different channel lengths and widths for these masks.  

 

 

Figure 2: Channel networks for the first version of the chip. 

 
Table 1: Parameters of the different masks. 

Scheme Length (µm) Width (µm) Use 

Mask for "retentate side stamp" 

Figure 1 (a) 68525 100 Transmembrane flux value determination 

Figure 1 (b) 68525 250 Transmembrane flux value determination 

Figure 1 (d) 10010 400 Membrane crystallization experiments 

Mask for "permeate side stamp" 

Figure 1 (c) 68525 1000 Transmembrane flux value determination 

Figure 1 (e) 10010 1000 Membrane crystallization experiments 

 

2.2 Photolithography 
 

These patterns are transferred to a sample substrate (a silicon wafer), using a light-sensitive 

photoresist (SU-8, MicroChem) using standard photo-lithography techniques (Figure 3).  

 

Figure 3: Different steps of photolithography. 
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In order to avoid the contamination of the silicon surface with organic or inorganic impurities, plasma 

cleaning is processed on the 3-inches diameter wafers during 1 minute before being coated with 

photoresists. 

Then, SU-8 photoresist is spin-coated on the wafer, at different rotation speed to get different heights 

of SU-8 coating. We chose the SU-8 2100 to obtain thicknesses of the photoresist film ranging 

between 100 and 300 µm for speed rotations ranging from 1000 to 2500 rpm (rotation per minute, 

See Table 2). 

 

Figure 4: SU-8 film thickness as a function of the spin speed (rpm) (Source : www.microchem.com ). 

After spin coating, the wafer is put on a hot plate at 95°C for evaporating solvents present in the resist 

film coated on the wafer (Soft Bake), and improving adhesion of the SU-8 resist onto the silicon 

surface. The baking time depends on the thickness of the photoresist, and is reported in Table 2. 

Table 2: Lithography parameters 

Stamp Design Spin coating Baking 
time 
(min) 

Insolation 
time (s) 

Post exposure 
baking time 

(min) 

Development 
time (min) 

Height (µm) 

(SU-8 master) 

Ratio 

Transmembrane flux value determination 

Retentate 
side A01 

Figure 
1 (a) 

500 rpm 100 rpm/s 10s 

2500 rpm 300 rpm/s 60s 
30 8 12 15 105 10:1 

Retentate 
side A02 

Figure 
1 (b) 

500 rpm 100 rpm/s 10s 

2000 rpm 300 rpm/s 60s 
30 9 12 15 130 10:1 

Permeate 
side A01 

Figure 
1 (c) 

500 rpm 100 rpm/s 10s 

1000 rpm 300 rpm/s 60s 
60 12 20 20 300 5:1 

Membrane crystallization experiments 

Retentate 
side B01 

Figure 
1 (d) 

500 rpm 100 rpm/s 10s 

2000 rpm 300 rpm/s 60s 
30 9 12 15 130 10:1 

Permeate 
side B01 

Figure 
1 (e) 

500 rpm 100 rpm/s 10s 

1500 rpm 300 rpm/s 60s 
40 11 15 17 200 5:1 
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After this “soft bake” step, the wafer is cooled down at room temperature before UV exposure. The 

next step is to transfer the patterns from the mask onto the SU-8 spin-coated surface by exposing it 

through a mask. For this, a UV-light passes through the photomask (using a mask aligner) and shined 

the photoresist according to the geometries of the mask. The lamp of the aligner produces 

wavelengths ranging from 365 to 435 nm, with an irradiance of 35 mW∙cm-2. As SU-8 is a negative 

photoresist, UV exposure modifies its chemical properties and crosslinks exposed photoresist. 

Unexposed parts of the coating will be further dissolved using a specific development bath. 

Exposure time is an important parameter for the quality of the output of the photolithography. It 

mainly depends on the thickness of the coating (exposure energy), the material of the wafer (silicon), 

and the lamp power (irradiance). Exposure times optimized for our specific designs are reported in 

Table 2. 

 

After UV exposure, the wafer is put again on a hot plate at 95°C for a “post-exposure bake” step 

between 12 to 20 min (see Table 2). This will increase the chemical etch resistance of the exposed 

photoresist. Then, the photoresist is developed with a development bath, for SU8, PGMEA 

(Propylene glycol methyl ether acetate). After an adequate development time (see Table 2), the wafer 

is rinsed (isopropanol), and the SU-8 master is ready for making PDMS stamps. Channel heights of 

the resulting newtoks were measured a posteriori using both a mechanical profilometer and an optical 

profilometer. 

 
Figure 5: SU-8 master of the design ”Figure 1 (b)” on a silicon wafer. 
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2.3 Stamp fabrication, membrane integration and microsystem clamping 

 

After photolithography, PDMS stamps are made from the SU8-master wafers, replicating the patterns 

of the mask onto the PDMS substrate.  

Sylgard 184 silicone elastomer base is mixed with Sylgard 184 silicone elastomer curing agent with 

a specific mass ratio. Great care was taken concerning the PDMS monomer/curing agent ratio in order 

to reach optimal rigidities for both stamps. Indeed, the “permeate stamp” requires high rigidity for 

integrating the tubings on its sides (mass ratio 5:1); whereas and the “retentate stamp“ requires high 

elasticity to avoid leakages at the membrane level (mass ratio 10:1). The two components are very 

viscous so this step leads to the formation of air bubbles which are removed before reticulation with 

a vacuum bell. After pouring this mixture onto the silicon wafer with the SU-8 master, the PDMS 

layer reticulates in about 1 hr at 65°C. Then PDMS stamps are cut at an adequate size and a square 

PVDF microporous membrane (20 mm x 18 mm) is sandwiched between these stamps, with a careful 

alignment of both channel networks (Figure 6).  

 

Figure 6: (a) Image of the two stamps and the square PVDF membrane. (b) Image of the membrane sandwiched between the 
two PDMS stamps. (c) Scheme of the membrane sandwiched between two PDMS stamps. 

 

The whole system is clamped between two PMMA plates tightened with 4 plastic screws (Figure 7). 

This step is crucial to avoid liquid leakages when imposing flows with the channels. The two plates 
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were thought to give us the possibility to make connections for the retentate side stamps through the 

PMMA plate.   

 

Figure 7: Clamping systems (a) for a single channel design with an inlet and an outlet (b) for crystallization experiments 
using the design shown in Fig. 1 (d) (e). 

Finally, connections are made within the PDMS stamps using standard punching tools for fluid 

injections (e.g. aqueous solutions and dry air for membrane crystallization experiments, see later). 

Figure 8 illustrates the correct functioning of the device using imposed flows of aqueous dyes in both 

channel networks separated by the membrane. The typical volume of the retentate side in the case 

shown in Figure 1(a) is 0.7 µL, and about 0.4 µL for each channel in the design shown oin Figure 

1(d). 
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Figure 8: Image of the whole system clamped by two PMMA plates. Aqueous solutions of dye (blue for the  retentate side, red 
for the permeate side) are flowing through in both channel networks without mixing into each other (imposed pressure below 

the capillary pressure of membrane invasion). 

 

3. Characterization and optimization 
 

Elasticity of the PDMS stamp leads to a deformation of the channels as the plastic screws maintaining 

the PMMA plates are tightened. To quantify this issue and minimize channel deformation still 

avoiding liquid leaks, we performed flowrate measurements by applying increasing pressure drops 

within the channels, using flowrate meter and pressure regulators (Fluigent).  

The experiments begin with the screws tightened with a torque screwdriver at a torque value of 10 

N∙cm. The microchip is then connected to a pressure regulator in order to inject pure water with a 

given pressure drop. The screws are then unscrewed until the water flow can flow through the whole 

channel.  

A flowrate meter, located downstream the microchip, measure the corresponding flow rate. A set of 

5 different pressure drops is then imposed to the flow ranging typically from 0 to 500 mBar to get an 

estimate of the hydraulic resistance. Once the experiments are performed for a given screw torque, 

screws are unscrewed again (by a quarter rotation of our tool) and the same set of pressure drops is 

imposed again. These experiments are repeated until the loosening of the screws leads water leaks in 

the system.  
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The linear relations between the measured flowrates and the imposed pressure drops (see Figure 9) 

lead to estimates of the channel hydraulic resistance Rh, related to the sections h∙w of the channel, for 

different screw torques T.  

 

Figure 9: Pressure drop as function of the flowrate. The different colors represent three different screw torque. 

The curves Rh vs. T, see Figure 10, were used to estimate the optimal screw torque T, leading to the 

smallest channel deformation (i.e. the smallest Rh) and still avoiding liquid leakages (Figure 10). With 

this fabrication protocol and these optimizations, we were able to flow aqueous solutions within the 

channels at pressure drops up to 500 mbar without any leakages, for PVDF membranes with nominal 

porosity of 150 nm. 
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Figure 10: Channels hydraulic resistance as a function of the screw torque for clamping the microchip and avoiding liquid 

leakages. 

 

Following these protocols, we succeeded to obtain microfluidic chips integrating PVDF membranes 

for mimicking membrane crystallization at the microfluidic scale. They allowed us to make on chip 

measurements of transmembrane water flux for several membranes provided by the different partners 

of the AMECRYS consortium, and to perform preliminary membrane crystallization experiments 

using sodium chloride and lysozyme solutions. We use microscopy for in-situ observation of the 

crystal growth within the channels. These experiments showed the ability of our microfluidic chip to 

perform membrane crystallization.  
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