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Fabrication and Drive Test of a Peristaltic 
Thermopnumatic PDMS Micropump 
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This paper present,, fabrication and drive test of a peristaltic PDMS mlcropump actuated by 

the thermopneumatic force The mlcropump consists of the three peristaltic-type actuator cham- 

bers with mleroheatels on the glass substrate and a m~crochannel connecting the chambers and 

the inlet/outlet port The mlcropump is fabricated by the spin-coating process, the two-step 

curing process, the JSR (negative PR) molding process, and etc The diameter and the thickness 

of the actuator diaphragm are 2 5 mm and 30 r respectively The memscus morion in the 

capillary tube is observed with a wdeo camera and the flow rate of the m~ero pump is calculated 

through the frame analysis of the recorded wdeo data. The maximum flow rate of the micro- 

pump is about 0 36/zL/sec at 2 Hz for the zero hydraulic pressure difference when the 3-phase 

input voltage is 20 V, 

Key Words : PDMS (Polydlmethylstloxane) Mmropump, Peristaltic Mtcropump, 

Thermopneumatm Force, Flow Rate 

1. Introduction 

Recently, various micro fluidic devices wtth no 

mechamcal moving part have been fabricated 

with PDMS (Polydimethylsiloxane) for apphca- 

nons m blo chip and lab-on-a-chip  because of 

its key merits such as transparency, bmcompau- 

bfllty, and low production cost (McDonald and 

Whltesldes, 2002; Gnscom et at ,  2002) How- 

ever, a study on the m~cropump with a mecham- 

cal actuator fabricated by means of multi-stack- 

ed PDMS molding technique hardly ever report- 

ed even though some advantages of the PDMS 
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elastomer hke the remarkable flexlbthty and the 

simple fabrication process including the ~ehable 

bonding process between PDMS-to-PDMS or 

PDMS to glass (Juncker et a l ,  2001) 

Slm et al (2003) described the membrane-type 

mleropumps with various actuators The advan- 

tages and disadvantages of each mlcropump are 

atso discussed from the viewpoint of the power 

consumption, the Integration method, the re- 

sponse time, the operation frequency and voltage, 

the fabrication process, the actuatmn efficiency 

and etc For the simple fabncatton process and 

the large volume stroke of the mmropump, the 

thermopneumatm actuatmn method is suggested 

The mlcropump requires a micro valve unit for 

the one-way flow rate of the working fluid 

Mlcrovalves are classified into the passive valve 
and the active valve (Esash[ et al ,  1989, Setva- 

ganathy et al ,  2003) The active valve is useful 

to control the flow rate under the some pres- 

sure difference, but ,ts fabrication process ts 
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complicated. The passive check valve operates 

only to the tbrward pressure and has simple 

structures compared to the active valve. However, 

with the passive check valve, the control of re- 

verse flow rate under the pressure difference is 

impossible. 
In this paper, as new approaches for the fabri- 

cation of the membrane-type micropump and its 

associated components, the peristaltic micropump 

using the thermopneumatic actuation has been 

fabricated through a simple PDMS molding and 

bonding process, The peristalt ic-type actuators 

can be operated as a dynamic valve and control- 

led easily by the applied electric input power 

without any addit ional process for the microvatve 

unit. 

2. Structure and Working Principle 

Figure I shows the top view and the structure 

of the micropump. The micropump consists of 

microchannels, connecting three pump chambers 

and an inlet/outlet ports, and three peristaltic 

actuators operated by a three-phase input power. 

The diameter and thickness of the actuator dia- 

phragm are 2.5 mm and 30 r respectively. The 

height of the actuator chamber is 500 #m. The 

Length, the width and the depth of the micro- 

channel are 500 #m, 100/Jm and 47 #m, respec- 

tively. The height of the pump chamber is 47/tin. 

The volume of unit pump chamber is 0.23/zL. 

Figure 2 illustrates the working principle of the 

peristaltic micropump. If the three-phase electri- 

cal power is applied to the micro heater, the 

pressure in the sealed actuator chamber is varied 

by the ohmic heating and the natural cooling of 

the air in the actuator chamber. The magnitude of 

the electric power determines the pressure change 

amount. The three-phase motions of the actuator 

diaphragms convey the fluid in the pump cham- 

ber. Because two pump chambers are always 

closed, no backward flow is allowed. The work- 

ing fluid is sucked into the inlet chamber and 

spouted from outlet chamber between phase I and 

phase I1. 

inlet/~176 //~char~berPUmp // .... channel 

A A~ 

(a) Top view 

actuator chamber - - ~  / - - - -  p 1 

F \ 
?- L, .... 

I Z L ~ 2  ~ : ,~'i:;.;:..,~:."...:.i., ~ ~-  1 

frequency I / \ X----glass 
input | X _ _ _  heater 

F _S LF -L o, 0o # 
L _ _ I I  I I |,np  
dual JK 2X4 FET 
ffipflap decoder swtich 

(b) Cross secliona[ view and drive circuit 
PI : actuator chamber PDMS layer 
P2: actuator diaphragm PDMS layer 
P3 : microchannel PDMS layer 

]Fig, 1 The schematic view of the micropump 
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Fig. 2, The working principle of the peristaltic 
micropump with three actuators 
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3. Fabrication Process  

Figure 3 shows the fabrication process of the 

micropump. The actuator chamber layer, the dia- 

phragm layer and the cavity layer is fabricated 

through the sequential spin coating, soft curing, 

and bonding process of PDMS elastomer. The 

thickness of the PDMS layer can be controlled 

by the spin coating condition. 

First for the actuator chamber layer, a 10:1 

mixture of PDMS pre-polymer and curing agent 

is stirred thoroughly and degassed in the vacuum 

chamber. As shown in Fig. 3(a),  the prepared 

PDMS mixture is poured on a silicon wafer, spun 

at 500 rpm for 10 seconds, and cured at 65~ for 

15 minutes. The cured 500 ,urn-thick PDMS layer 

is peeled off and three throughholes of 2.5 mm 

diameter which will be the actuator chamber 

(a) 

(c) l ! 

are punched ouL After 02 plasma treatment the 

actuator chamber layer is bonded with Pyrex 

glass (#7740) where a Cr /Au  (500,&/1500.&) 

heater is fab:icated. For  the 30/~m thick actua- 

tor diaphragm layer the PDMS mixture on the 

silicon wafer {'or is spun at 3000 rpm for 10 

seconds, and then softly cured. Also for the layer 

of the pump chamber and the channel, the pre 

polymer mixture is pin, red onto a 47/zm thick 

mold of JSR negative PR as shown in Fig. 3(c). 

This PDMS layer is 3 mm thick and is peeled 

off from the JSR mold alter soft curing. Alter 

punching out the inlet and outlet throughholes, 

we lay the actuation cavity layer onto the actua- 

tor diaphragm layer as shown in Fig. 3(d). The 

flexibility of PDMS enables the actuation cavity 

layer to contact tightly with the actuator dia- 

phragm layer and prevents any bubbles from 

forming at the interlace. The stacked PDMS 

layers are irreversibly bonded by curing at 65~ 

for 10 minutes and peeled off from the substrate. 

The peeled PDMs layers are bonded onto the 

actuation chamber layer of Fig. 3(b) by curing 

at 65~ for It) minutes as Fig. 3(el.  Finally, lhe 

entire PDMS layers are cured at 100~ for 60 

minutes. 

Figure 4 shows the photographs of the fabri- 

r,. 7 
(e.) t ~  

i ~ Glass i : PDMS Silicon 

i Cr/Au ~ JSA(ne, galive P,q) 

Fig. 3 The fabrication process of the micropump 
(a) Soft curing of the actuator chamber la- 
yer, (b) Gla~ plate with heater and actuator 
chamber layer bonding, (c) Actuator cavity 
(ehanneJ) casting, (d) Actuator chamber la- 
yer arid diaphragm bonding, (el Entire struc~ 
lure bonding 
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~ ' [ g .  4 P h o m g r a p h ~  o f  t h e  f a b r i c a t e d  m l e r o p u m p :  

(a) the channel and cavity. I b) the actua:or 
chamber and Cr-Au heater electrode, (c) the 
flflly assembled micropump, (d) comparison 
with a dime 
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cated micropump. The heater resistance is about 

72 Q at the room temperature. 

4. Measurement  

Since all layers of the micro actuator are trans- 

parent, it is impossible to measure the deflection 

of the actuator diaphragm by using a convention- 

al measurement system like a laser displacement 

sensor. In this paper, the deflections of the micro 

actuator arc approximately measured by the frame 

analysis of the recorded high speed video camera 

images. 
Figure 5 shows the captured images of the 

actuator diaphragm when the input voltage of 

20 V DC was applied to the heater electrode. 

Figure 6 shows the measured deflections and the 

temperature changes of the heater electrode on 

the glass substrate measured with the non contact 

infrared thermometers. The mechanical sensitivity 

of the micro actuator with the PDMS diaphragm 

Fig. 5 

(a) (b) 

The captured video clips showing the de- 

formed PDMS diaphragm ; (a) before actua- 

tion, (b) 3 seconds later 

is about 5.2 #m/V. 

Figure 7 shows the measured peak-to-peak 

deflections and the DC offset deflection when 

the applied voltage is 20 V. As the frequency 

increases, the peak to peak deflection decreases 

while the DC offset deflection increases. It means 

that the actuator diaphragm is not fully recover- 

ed during the off-state at high frequency because 

of the thermal resistance and the thermal capacity 

of actuator chamber. 

Figure 8 shows the measurement set-up for the 

measurement of the flow rate of the micropump. 
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Fig, 6 The measured deflection and the temperature 

change 
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The measured set-up for the measurement of 
the flow rate of the micropump 
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The pressure difference of this paper is defined 

as the beight difference between the menisci of 

the outlet port and the inlet port. The displacem- 

ent of the meniscus in the capillary tube is ob- 

served and recorded with a video microscope 

(Hi-scope KH-2200, HiRox) and a videocassette 

recorder. 

Figure 9 shows the measured flow rate of the 

micropump versus the frequency. The volume in- 

jected from the micropump during one cycle at 

I Hz is 0.22 ~L. The maximum flow rate is about 

0.36 gL/sec at 2 Hz when the hydraulic pressure 

difference is zero. Figure I0 shows the measured 

flow rate of the micro pump for several pressure 

differences at 2 Hz. As the height of the outlet 

0 , 4  . T � 8 4 1 8 4  , . . . . . .  i . . . . . . .  

] 

~-~ 0.a O ' ,  

0.1 
i 

Fig.  9 

1o ioo 

Frequency (Hz) 
The measured flow rate of the micropump 
under the zero hydraulic pressure difference 

port increases, the flow rate of the mieropump 

decreases. 

5. Conc lus ions  

In this paper, a thermopneumatie peristaltic- 

type PDMS micropump has been fabricated 

through several processes of spin coating, curing 

and irreversible bonding. The perislahic mo- 

tion of the fabricated micropump was observed 

through tile transparent structure and the flow 

rate of the micropump in the frequency domain 

was measured at the zero pressure dif*Erence§ The 

maximum flow rate is about 0.36/IL/sec when 

the input voltage is 20 V and #equency is 2 Hz~ 

PDMS elastomer is usefld material to make 

membrane-type micropumps because of several 

advantages such as transparency, flexibility, sim 

plility of the fabrication process and the low 

production cost. The performance of the device 

is applicable to nanoliter-level or microliter- 

level fluid control systems such as drug delivery 

systems. 
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