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Abstract 

A practical problem that limits the devel- 
opment of miniaturized multi-ion sensors is 
the definition of the various ion-sensitive 
membranes located in close proximity to each 
other. In this paper a glass-based flow- 
through cell containing four ISFETs is pre- 
sented. The ISFETs are connected to the cell 
by means of anodic glass bonding, thus defin- 
ing 200 pm deep, 500 pm diameter micro- 
pools around the ISFET gates. The 
individual ion-sensitive membranes for cal- 
cium and potassium ions and pH are solvent 
cast into these micropools, ensuring a good 
separation and thus a minimal crosstalk 
between the different membranes. A fourth 
ISFET is covered with a diffusion delaying 
hydrogel and acts as a reference for the three 
ion sensors. The cell, with an internal vol- 
ume as small as 12 ~1, is evaluated in connec- 
tion with a FIAstar@ flow injection analysis 
system. 

Introduction 

The application of ion-selective electrodes 
as detectors in flow injection analysis (FIA) 
requires electrodes with a small ion-sensitive 
surface and a fast response. Therefore, the 
use of ion-sensitivie field-effect transistors for 
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this purpose is, very attractive, as demon- 
strated for the first time in 1980 by Ramsing 
et al. [ 11. In their experimental set-up, a dual 
ISFET sensitive to pH and either potassium 
or calcium was placed at the outlet of a 
plastic tube and the carrier stream cascaded 
onto the sensor. Although the authors 
claimed that it would be possible to create a 
multi-ion detector in this way, it is hard to 
envisage the integration of more than two 
ISFETs on the small surface that can be 
covered by the outflowing carrier stream. Be- 
cause of the sample dispersion that will occur 
at the detector, with this set-up it will be 
impossible to place several sensors in series 
and thus detection is limited to two different 
ions. For a true multi-ion detector, the sen- 
sors have to be placed in a sort of flow- 
through cell where the individual sensors do 
not contribute to the sample dispersion, so 
that a larger number of detectors can be 
placed in series. The first demonstration of a 
flow-through cell for four different ions was 
given by Sibbald et al. [2], who used their 
system for direct on-line blood analysis. This 
system, however, was not designed for flow- 
injection analysis (FIA). Its internal volume 
was rather large (30 ~1) and the response time 
of the individual sensors was of the order of 
20 s. Recently, a number of ISFET-based 
flow-through cells for FIA application have 
been published for the detection of single 
species, namely pH [3], ammonia [4] and urea 
[5]. In this paper a glass-based flow-through 
cell for the simultaneous measurement of 
three ions, H+, K+ and Ca*+, is presented. 
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Cell Design 

The flow-through cell used in this work is 
based on a glass body to which four single 
ISFETs are sealed by means of the anodic 
bonding technique. Anodic bonding is carried 
out at a temperature of 450 “C using a 
voltage of 800 V. Therefore, ISFETs of a 
special design are used to withstand these 
severe conditions and to provide a chip sur- 
face that is sufficiently flat to ensure proper 
bonding [6]. The cell is completed with a 
glass cover to create a 1 mm diameter chan- 
nel. The internal cell volume is as small as 
12 ~1. Figure 1 shows the design of the glass 
part. The ISFETs are bonded in such a way 
that the sensitive gate area is exposed 
through the holes in the lower cell body. 
PVC-based ion-sensitive membranes are then 
cast into these cavities, which are 200 pm 
deep and have a 550 pm diameter. The mem- 
branes are thus sufficiently thick to ensure a 
reasonable lifetime with respect to leaching 
out of the ionophores. 

An ever-returning problem with the appli- 
cation of solid-state chemical sensors is that 
of the reference electrode. Although, to date, 
no true miniaturized solid-state reference 
electrode has been developed, a special solu- 

tion can be used in FIA systems. Since only 
transients, i.e., temporary deviations from the 
baseline level, are measured, a special type of 
‘reference’ electrode is applied. It consists of 
a normal pH-sensitive ISFET that is covered 
with a diffusion-delaying hydrogel layer [7]. 
Because of its slow response, this pseudo 
reference electrode is sufficiently stable during 
the occurrence of the sample concentration 
peaks in the detector cell. As both the refer- 
ence electrode and the ion sensors are based 
on the same technology, effects such as tem- 
perature senstivity and drift are minimized by 
means of a differential measurement. 

Measurement Set-up 

The flow-through cell is evaluated in con- 
nection with a FIAstara flow injection analy- 
sis system. The original set-up where the 
carrier solution is propelled through the sys- 
tem under nitrogen pressure is replaced by a 
peristaltic pump. Although the gas propul- 
sion provides a ripple-less flow, the flow rate 
cannot be accurately controlled and depends, 
for instance, on the length of tubing con- 
nected in the system. A peristaltic pump en- 
sures a more constant flow rate. 

For the practical application of the flow- 
through cell a dedicated measurement system 
is required. It has to control the ISFETs and 
provide differential output signals from the 
ion sensors with respect to the reference 
FETs. In order to minimize the number of 

Fig. 1. Design of the glass parts that comprise the body 
of the flow-through cell. 
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Fig. 2. Measurement system. 



components required as well as the number 
of signal leads, a multiplexing circuit is in- 
cluded in such a way that the various sensor 
signals are available in a cyclic order. A block 
diagram of the system is given in Fig. 2. The 
output from the differential amplifier is 
scanned by a microprocessor-based data log- 
ging unit. Subsequently, these data are trans- 
ferred to a personal computer to display the 
system output graphically and to analyse the 
results. 
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decrease in pH due to the fact that Ca(OH), 
is a weak base. 
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Results and Discussion 
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Figure 3 illustrates the performance of the 
FIA system. Samples of different pH, differ- 
ent pK and different pCa respectively were 
injected into a carrier stream. Subsequently, a 
sample was measured in which the concentra- 
tion of all three species was changed. As can 
be seen from the width of the peaks, the 
response is very fast and at least 200 samples 
per hour can be analysed. 

Fig. 3. Typical output registration from the FIA sys- 
tem. Sensitivity, 20 mV/div; time base, 30 s/div. 

Also, it can be seen that the cross- 
talk between the sensors is negligible. Only at 
the high calcium concentration can some 
effect on the pH sensor be seen. This is not, 
however, caused by interference but by a real 
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