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A microfluidic device that can be operated by simple finger squeezing, without the aid of any 

extra power, i.e. electricity or a battery, present advantages for diagnostic applications. It is 

particularly true for diagnostic kits intended to be used in remote areas with limited access to 

electricity. In this paper, we describe a simple design and manufacturing of a finger pump that relies 

on an optimised network of check valves and squeeze pumps. The results show that the pump is 

capable of flowing liquid specimen with a volume of 6 mL with a finger pump priming force of 

around 3 N. The finger pump is intended to be used in a diagnostic kit. 
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1.  Introduction  

Over the last decade, due to their capability to integrate 

multiple laboratory functions into a single chip, 

microfluidic systems have attracted considerable interest. 

Microfluidic systems have been widely used in a variety 

of fields, including analytical chemistry, molecular 

biology, environmental monitoring and biomedicine 

systems1,2). For example, microfluidic-based micro total 

analysis system (μTAS) or lab-on-a-chip (LoC) devices 

have been used for point-of-care-testing (POCT)3), drug 

delivery4), environmental monitoring5,6) and homeland 

security7). 

 

In microfluidic devices, microvalves and micropumps 

are critical components for the control of fluidic 

transportation, especially for multi-step chemical 

reactions or quantitative analysis8). A typical micropump 

enables the precise, accurate and reliable transfer of fluids 

(biofluid, from a reservoir through the device).  One of 

the most widely used system is the pneumatic-driven 

micropump, which drives fluid using compressed air. It 

has the benefits of large displacement and good 

controllability. Such devices are typically simple and 

inexpensive and can therefore be used for disposable 

microfluidic diagnostic systems applications9,10). 

However, reliable high-pressure sources are rarely 

available in low resources setting. In addition, since we 

are aiming to design a device for usage in remote area with 

low electrification, alternative sustainable solutions need 

to be considered11). Here, we propose a micropump that 

does not require electricity12). The pumping action is 

provided by the pressure exerted on a membrane to 

displace volumes of fluid through a valve using  finger 

pressure13). 

 

A range of finger actuated pumps have been developed 

to-date, including for droplets delivery in portable digital 

microfluidics14) for drug delivery operation15,16) as well for 

the dosage of sensitive reagents17). This effective pumping 

method requires reliable microfabrication technology, 

such as photolithography, to realise the network of 

microchannels, microvalves and micropump 

components18). However, this fabrication method requires 

relatively expensive equipment and may not be available 

in low-resource settings laboratories.  

 

In previous work, we have demonstrated the use of 

conventional computer numerical control (CNC) milling 

to fabricate a polymerase chain reaction module19) as well 

as cells-on-chip devices and human lung models20–22). 

CNC milling is widely available and compatible with 

medium-scale manufacturing. This manuscript describes 

the design and characterisation of a finger-driven 

micropump fabricated using CNC milling. It is foreseen 

that such a pump can be seamlessly integrated with our 

polymerase chain reaction (PCR) detection chip23). 
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Fig. 1: (a) The micropump’s driven fluid channel (bottom part) and the (b) micropump's accumulated driving fluid 
channel (top part). 

2.  Methodology 

2.1  Design Consideration 

Single chamber micropump capable of reaching 

average flow rates of 20 μL/min have been reported 

previously24). Such devices are comprised of three layers;  

the pneumatic layer, the thin membrane layer and the 

liquid layer. With a desired chip size of 10 x 30 mm, the 

length of the liquid layer channel should be 20 mm to 

enable fluid flow characterisation. The size of the 

diaphragm can be altered to accommodate for the size of 

a finger. 

 

2.2  Design and Simulation 

The design of the micropump was supported by a set of 

calculations and simulation to simulate the pumping 

mechanism. The two part moulds were designed by a 

SolidWorksTM, a Computer Aided Design (CAD) software. 

For the simulation, the mutliphysics simulation package 

COMSOL MultiphysicsTM version 5.1 was used. 

 

2.3  Fabrication 

The fabrication of the micropump consisted of three 

steps: mould fabrication, polydimethylsiloxane (PDMS) 

casting and curing, and product assembling. The 

aluminium mould was formed using a milling process. 

Aluminium 7075 was chosen rather than copper due to its 

economic value, good fatigue strength, ease of machining, 

good thermal conductivity and low corrosion rate. To 

achieve a high-precision manufacturing process, an 

EMCO VMC 200 (Germany) milling machine with a 

demonstrated accuracy of 1/100 mm was used. We used 

three types of flat-end mill tools with diameters of 4 mm, 

2 mm and 1 mm (Seco Tools, Singapore). The spindle rate 

was set to 3500 RPM and the feed rate to 50 pps. At the 

beginning of the process, the milling process was 

simulated in the CAM programme based on the CAD 

designs. 

 

For PDMS casting and curing, PDMS (Sylgard 184 

silicone; Dow Corning, USA) was casted in the mould. 

The PDMS was mixed with curing agent at a ratio of 10 

to 1. Then, the mould was put under vacuum in a 

dessicator to remove air trapped in the PDMS during the 

mixing process. A vacuum pump VE115N (China), was 

employed for 45 minutes. Afterwards, the mould was put 

in an oven for 15 minutes at 140°C and then peeled.  

For the PDMS membrane, a similar mixture of PDMS 

was casted onto a spin coater. The spin coater operated for 

30 seconds at 2,500 RPM to achieve a membrane with a 

thickness of around 50 µm. Later, this casted PDMS was 

placed into an oven for 5 minutes at a temperature of 80°C. 

For the micropump assembly, the PDMS top and bottom 

were bonded with the membrane in a series of steps. The 

bonding process was carried out using a Corona SB 

plasma treater from BlackHole Lab (France) for 30 

seconds for each surface. 

 

2.4  Measurement and Testing 

 

Geometry measurement 

In order to evaluate the dimensions of the moulds and 

PDMS replica, we have used a Dinolite AM 4113 ZT 

digital microscope (Anmo Electronics, Taiwan). The 

measurements were taken at 20x magnification to cover 

the relevant physical dimensions of micropump parts such 

as the diaphragm and the channel for the top and bottom 

layers.  

 

Functional testing 

The flow displacement and force measurements were 

characterised by pump priming the micropump module 

using a micrometer gauge to control the depression of the 

membrane. The travel distance of the liquid in the channel 

was then observed and measured. The local fluid 

displacement was also evaluate using a TerufusionR 

syringe pump from Terumo, (Japan) operating at a 

constant flow rate of 5.0 mL/h.  

 

Velocity measurement 

The velocity of liquid in the channel was measured 

using image processing. The position of fluid-air interface 

(meniscus) in the channel was captured every second. The 

fluid velocity was calculated by dividing the distance 

travelled during the observed time. The observation 

distance, from inlet to outlet, was 20mm.   
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3.  Result and Discussion 

3.1  Design of the Micropump  

The design in Figure 1 shows the bottom part (left), 

where the liquid is driven from inlet to outlet and the top 

part (right) shows the reservoir where the pressurised air 

is accumulated. The pump should provide enough 

pressure to the membrane, sandwiched between top and 

bottom parts, to be deflected and generate fluid flow 

through the valve. The depths of both top and bottom parts 

were designed at 2.5 mm whereas the depth of the channel 

was at 0.2 mm. The width of the channel was designed at 

0.2 mm, except in the valve section where the channel 

enlarges to prevent the backflow of liquid during 

pumping5). The circular reservoir has a diameter of 3 mm 

and thickness of 0.2 mm. Additionally; the top part also 

has circular pocket matched with the reservoir in the 

bottom part with similar dimension of diameter and 

thickness.   

 

3.2  Numerical Simulation 

 
Fig. 2: Driven fluid channel for the micropump which 

shows velocity magnitude along the path 

Simulations were performed to evaluate the flow in the 

device. In the simulation environment, a load was 

delivered onto the sandwiched membrane from top to 

bottom to emulate the downward movement of a finger. 

Thus, it delivered pressure to the fluid chamber through a 

deflection of the membrane. The simulation showed the 

characteristics of the fluid flow along the microchannel. It 

provided the liquid velocity magnitude and pressure 

distribution in the microchannel. 

The simulation shows that the velocities were around  

12–14 mm/s at the inlet and outlet and 2-6 mm/s in the 

chamber as shown in Figure 2. A good match between the 

inlet and outlet velocities is expected in the absence of 

friction during pumping. The simulation also provided 

information about the pressure distribution in the device 

and confirmed that the fluid flows to the outlet as expected 

(not shown).  

 

 

3.3  Fabrication Result 

In this section we describe the fabrication and assembly 

of the 3 part PDMS device. As expected, the driving fluid 

and driven fluid channels were successfully fabricated 

using a mould transfer method (using the top and bottom 

part moulds respectively). The thin membrane with 

uniform thickness was fabricated using a spin coater. The 

membrane was then sandwiched between the driving fluid 

channel and the driven fluid channel to form the complete 

chip product after bonding (Figure 3). The integrity of the 

device was verified by pumping an aqueous solution. No 

leaks were detected for flow rates up to 5.0 mL/h.  
We have used optical measurement to evaluate the 

dimensions of the fabricated chip (Figure 3). We used a 

Dino-LiteTM digital microscope (Taiwan) as in our 

previous work22 and noted deviations compared to the 

design. Table 1 shows the dimensions of the design, mould 

and chip product. Deviations of 15%, 10% and 4% were 

noted for the thickness, inlet and outlet width and 

diaphragm radius respectively. We attribute these 

deviations to the capability of the CNC machine and the 

dimension of the tool used. Note that we have used a 

conventional CNC machine instead of a CNC 

micromilling machine. Therefore, in the future, a 

correction factor of around 10-15% needs to be considered 

during the design. 

 

3.4  Flow Testing 

 
Fig. 3: Finger-controlled pumping principle with liquid 

flow inside the channel 

Table 1.  Fluid channel geometry (mm) 

  

Channel 

thickness 

 Channel 

width 

Diaphragm 

radius 

Design 0.20   0.20 3.00 

Mould 0.26 ± 0.05 

 0.25 ± 

0.03 3.28 ± 0.08 

Chip 

product 0.23 ± 0.02 

 0.23 ± 

0.03 2.89 ± 0.04 
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Fig. 4: a) Velocity profile of liquid in the microchannel in the flow test experiment using external pump; b) Comparing 

the previous flow test using external pump with finger primping pump 

Two scenarios for chip functional testing were 

employed. First, flow testing in the driving fluid channel 

was performed using an external syringe pump. This test 

was carried out to characterise the flow velocities in 

different parts of the device. The initial flow rate was set 

at 5.0 mL/h. and the flow velocity was calculated by 

dividing the distance travelled by the given time interval 

in between each measurement. The measurements, using 

a digital microscope, were performed along the entire 20 

mm of the channel. 

 

A TerufusionR syringe pump from Terumo, Japan 

provided relatively constant pressure during the testing, 

therefore enabling us to achieve a velocity profile of 

driven fluid flow along the channel. Figure 4a shows a 

constant velocity at the inlet port of around 6 mm/s, which 

then drops significantly after flowing into the driving fluid 

reservoir. Later, the velocity increases to around 10 mm/s 

after the reservoir until the outlet. These velocity figures 

are consistent with the continuity behaviour of a 

compressible liquid. The relatively constant velocity 

indicates that there is no resistance in the channel, which 

means that the product is well designed. The exit velocity 

is larger than the inlet velocity due to the design of the 

opening, which will favour fluid flow towards the outlet.  

 

A dashed line is also plotted in the figure 4a to compare 

the velocity from experimental with simulation result in 

previous section. The simulation shows an ideal condition 

of velocity profile in a microfluidic channel. In the 

simulation environment, the velocity at the inlet and outlet 

were at 12 mm/s and decrease down to 1 mm/s in the 

resrvoir. This decreasing velocity, due to the larger area in 

the reservoir agrees well with the experimental results 

(around 1 mm/s).    

 

In second phase of experiment, a finger pumping 

priming was introduced as shown in Figure 4b. It can be 

seen that the velocities at the inlet port and reservoir are 

similar compared to the results obtained with the syringe 

pump. However, the velocity increases to around 28 mm/s 

after passing the fluid reservoir. This indicates that the 

force accumulates until it overcomes the resistance of the 

channel. based on the observations, we have estimated 

that the pressure from the finger resulted in a 300% 

increase in compared to the syringe pumping.  

 

3.5  Pump Displacement Testing 

 

Fig. 5: a) Micrometer is set in to pinch the chip in the 

pneumatic pumping area; b) The pinching drives the 

pneumatic downward to push the liquid in the channel. 

In this test, the pump chip were pinched using the 

micrometer screw gauge, to measure the membrane 

displacement (figure 5a) and calculate the pumping force. 

Figure 5b shows the distance travelled by the liquid during 

the pinching of the membrane using the micrometer screw 

gauge. 

 

Using the relation between the stiffness of the material 

(equation 1), the pumping force can be estimated by 

measuring the axial displacement of the membrane (as 

indicated by the micrometre gauge). The distance was 

observed every 1 mm and the volume of fluid (V) 

calculated using the channel dimensions (estimated to 

have a uniform area). 
 

The stiffness constant is calculated using equation 1 

(below). The area and length of the exposed elements are 

7 mm2 and 4 mm, respectively according to the dimension 

of pump diaphragm. Taking the Young’s modulus of 2.5 

MPa for PDMS25), the stiffness constant was calculated at 
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4.4 MPa.mm. We then calculated the force by multiplying 

the stiffness with the displacement of the micrometer 

gauge (equation 2).  
The displacement of pumping fluid was measured in 

interval of 1 mm (between 0–9 mm in total) The calculated 

pumping force as a function of the fluid displacement is 

shown in figure 6a. It can be seen that 3 N is necessary to 

move the fluid a 9 mm along the channel. Moreover, the 

minimum force of 1.8 N to get the fluid in motion agrees 

well with the work of Xiang et al. who also reported a 

force of about 2 N to squeeze a similar pump10.  

 

Fig. 6: a) Result of metering fluid displacement with the 

corresponded estimated force; b) Result of the 

pumping force with its correlated pumping volume 

along the channel 

 

Figure 6b replots the previous figure to depict the liquid 

volume as a function of pumping force. The pumping 

volume that can be delivered is 1-6 mL with corresponded 

pumping force between ~1.8 and 3 N. However it is noted 

that the relation between these two values are not linear. 

The initial point has a rather high deviation compare to 

others. It can be attributed to a high flow resistance to 

overcome the capillary forces.   

𝑘 =
𝐴𝐸

𝐿
       (1) 

Where:  

A is the cross-sectional area of the chip 

E is the Young’s Modulus of PDMS 

L is the length of the exposed element  

k is the stiffness constant 

 

kF      (2) 

Where:  

F is the force 

 is the screw displacement 

 

4.  Conclusion 

The manuscript presented the design and characterisation 

of a finger actuated micropump. The micropump 

functioned as expected, despite fabrication-induced 

geometry deviations of up to 15% compared to the design. 

The micropump testing demonstrated that there was no 

backflow during the stroke testing and that it was capable 

of dosing a volume by delivering a 2-3 N force to the 

membrane. It is foreseen that the micropump can be used 

in the future development of diagnostic chip system.  
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