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Modular setup for a miniaturized chemical analysis system 
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Abstract 

A miniaturized system for chemical analysis is presented, based on two piezo-electrically driven silicon micropumps 
and an ISFET-based Row through ceil for the me~~ement of ion inanitions. The active elements of the system 
are stacked together and measure only 22 x 22 x 11 mm in total. The modular approach allows for great flexibility 
in the setup of the system. 

Miniaturization of systems for chemical analysis 
offers an improved efficiency with respect to sample 
size, response time and reagent consumption. In a 
previous paper [ 11 we presented a hybrid system for 
FIA that showed a hundredfold decrease in the con- 
sumption of carrier solution compared to a standard 
setup. In the described system, the individual elements, 
consisting of two silicon micropumps, a glass based 
detector cell with a potassium sensitive ISFET and a 
separate reference electrode, were connected by means 
of stainless steel and silicone rubber tubing. The re- 
sponse time of the system was largely dete~in~ by the 
internal volume of the interconn~tions. 

In order to improve the system’s performance and to 
come to a more robust version of the analysis system, 
the length of the interconnections has to be minimized. 
Although the technology for sensors and pumps is 
compatible, a hybrid assembly is preferred over a full 
integration on a single chip as it provides a much 
greater flexibility. Moreover, individual integration of 
the elements is more cost effective because fabrication is 
less complicated. 

A minimum length of the interconnections is 
achieved by a vertical arrangement of the elements in a 
stack to create a three~imensional flow system [2]. In 
order to keep a maximum of flexibiEty in the applica- 
tion, the modules for the system are designed in such a 
way that they can be interconnected in the largest 
possible number of different orientations. In that way, 
for instance, the direction of pumping of a micropump 
can simply be reversed by turning it upside down in the 
stack. 

*Author to whom correspondence should be addressed. 

Microptimp 
The unit size of the modules for the system, 

22 x 22 mm, is determined by the surface area required 
for the piezo-electric micropump. The design of the 
micropump is based cm the work done at the University 
of Twente [3]. In order to obtain pump rates in the 
order of some hundreds of microlitres per minute, a 
piezo-electric disc of 1Omm diameter is used and this 
basically determines the Size of the pump. The pump 
design is square and fluid connections are made at the 
four corners as can be seen in Fig. 1. The connections 
can be made at both sides of the pump, the comers not 
in use as in- or outlet have trough-holes to allow fluid 
passages inside the stack of elements. Electrical contact 
to the piezo-disc is made via a metallization on the glass 
pump membrane on which a printed circuit board is 
glued to provide connections outside the stack. 

Sensor cell 
As the first type of sensor to be applied in our 

miniaturized analysis system, we chose ion-sensitive 
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Fig. 1. Layout of the micropump. The design allows eight pcx+ 
ble orientations of the pump in the stack to give the desired fluid 
connections and direction of pumping. 
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field-effect transistors. The rapid response of ISFETs 
allows us to investigate the time response of the system 
as such, not limited by the sensor speed. Also, the 
incorporation of multi-ion sensors in the system be- 
comes relatively easy [4]. 

To provide a hermetic seal of the sensor cell in the 
stack, a polysiloxane’ sealing ring is used which is 

polymer rrq 

Fig. 2. Layout of the sensor module. 

deposited on-wafer by means of photolithography [5]. 
The sealing ring forms a channel that is closed at the 
top by placing it against the next module in the stack. 
The sensor chip measures 22 x 5.5 mm, the ends of the 
polymeric channel coincide with the corner holes in the 
pumps. The sensor is mounted on a 22 x 26 mm printed 
circuit board to provide the electrical connections. The 
layout of the sensor module can be seen in Fig. 2, and 
Fig. 3 shows the polysiloxane sealing ring in close-up. 

Because the bondwires to connect the sensor extend 
above its surface, it becomes necessary to make the 
electrical connections on a lateral extension of the 
printed circuit board carrier outside the stack of mod- 
ules. This limits the possible orientations of the sensor 
modules to two, as we prefer to place all of the wiring 
on one side of the system. In order to keep the desired 
flexibility in the setup of the system, passive elements 
are inserted between the modules to provide a fluid 
connection from one corner of the stack to another. 

Fig. 3. The polysiloxane sealing ring on the sensor chip. 

Setup of the analysis system 

As with the previously presented hybrid analysis 
system [ 11, the complete system consists of two micro- 
pumps working in opposite directions and a detector cell 
placed at the sample input end of the system. The first 
pump draws a sample into the detector cell and subse- 
quently, the second pump rinses the cell with a slight 
excess of calibrating solution. In that way, the pumps 
remain always filled with the clean, filtered calibrating 
solution and a possible pollution with the sample solu- 
tion is avoided. This configuration also eliminates the 
need for an active sample injection valve which is much 
more complicated to realize with the applied tech- 
niques. The system is completed with a second detector 
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Fig. 4. Principle of the measurement. 
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cell, placed higher up in the fluid path to serve as a 
reference for the sensing ISFETs. The metal inlet tube 
of the system functions as a common quasi reference 
electrode for both detector cells. This avoids the use of 
a separate reference electrode. The measurement princi- 
ple is illustrated in Fig. 4. 

Figure 5 shows the arrangement of the modules in 
the stack. The detector cell is placed at the bottom, the 
reference cell at the top of the stack. As the solution 
can only enter at the top side of the sensor cell, an 

calilmting 

sohAim 

sampleinput 

Fig. 5. The arrangement of the modules in the stack. 

Fig. 6. The complete analysis system. 

intermediate passive element is placed between the de- 
tector and the lower (sample) pump to provide the 
proper fluid connections. The total height of the stack is 
about 11 mm. Figure 6 shows the complete system, 
placed in a small frame to keep the elements in place. 
With the four screws at the top of the frame a slight 
pressure is applied to the stack of elements to provide 
the necessary sealing. 

Conclusions 

Preliminary measurements show that the system is 
functional but that it is susceptible to pump noise. A 
careful design of the interface electronics and an optimal 
orientation of the elements in the stack have to improve 
the system’s performance. The modular setup as pre- 
sented here allows for a flexible configuration of the 
miniaturized analysis system. With the use of two micro- 
pumps, a valveless injection of samples into the detector 
is possible while the pumps remain always filled with 
clean, filtered calibrating solution. The simple measure- 
ment of ion concentrations shows the feasibility of the 
system, it can easily be expanded with further pumps to 
add reagent solutions, to dilute samples etc. In that way, 
miniaturized versions of fairly complex flow injection 
analysis systems become possible. 
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