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Abstract 

In this paper an on-wafer fabrication tech- 
nique for membrane-covered calcium-sensing 
ISFETs is presented. The complete structure 
consists of a standard Alz03 pH-ISFET, cov- 
ered with a hydrogel membrane and a second 
polysiloxane-type calcium-sensing membrane. 
Both membranes are deposited and pho- 
tolithographically structured on the wafer. 
The adhesion of the membranes to the IS- 
FET surface is ensured by presilylating the 
surface prior to the deposition of the mem- 
branes, and has been confirmed by tests in an 
ultrasonic bath. 

The on-wafer fabrication of calcium-sensi- 
tive ISFETs with a 25 pm thick poly 
(hydroxyethyl methacrylate) (polyHEMA) 
membrane covered with a 80 pm thick 
polysiloxane membrane is described and illus- 
trated. The structural membrane definition 
for both membranes is better than 20 pm. 

The calcium-sensing properties of three 
completed devices have been investigated. A 
reproducible sensitivity of 28.7 mV/pCa and 
a detection limit of 10-6.4 M calcium are 
found upon titration of CaCl, in demineral- 
ized water. The selectivity coefficients with 
respect to magnesium, sodium, and potas- 
sium are found to be log KgMg = -4.9, log 
KPO’ 

CaNa = -4.5, and log Kzk = - 4.1 respec- 
tively, which are comparable with the litera- 
ture values. 

Introduction 

Up to now, the method most frequently 
used to fabricate ion sensors, based on IS- 
FETs, for ions other than H+ is to coat the 
ISFETs with a plasticized ionophore-loaded 
PVC membrane. This coating is usually car- 
ried out by dipping the encapsulated ISFET 
one or several times in a diluted solution of 
the membrane material in THF. This 
method, published for the first time in 1975 
by Moss et al. [ 11, has several disadvantages. 
The membranes adhere only by physical in- 
teraction to the ISFET surface, the plasticizer 
slowly leaks out of the membrane, the mem- 
brane-covered ISFETs are subject to CO, 
interference, the thickness control is rather 
poor and, above all, the dipping method can- 
not easily be applied on whole-wafer scale. 

For most of these problems, separate solu- 
tions have been proposed. Methods using a 
suspended mesh [ 21, chemically modified 
PVC [3] and recently the use of alternative 
membrane materials like silicones [4] have all 
resulted in a substantial improvement of the 
membrane adhesion and thus the device life- 
time. The problem of loss of plasticizer has 
been overcome by either applying a pho- 
tocross-linkable plasticizer [S], or by using 
the aforementioned intrinsically plastic sili- 
cone-type membranes [4]. The suppression 
of the COZ interference has been realized 
by using either a Ag/AgCl type MOSFET 
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instead of an ISFET as the underlying struc- 
ture [6], or by interposing a hydrogel mem- 
brane conditioned in an appropriate buffer 
[7,8]. The last two problems mentioned 
above, however, have until now not had a 
satisfactory solution that also takes account 
of the other problems mentioned. 

In this paper we will describe the on-wafer 
fabrication of calcium-sensitive ISFETs using 
a photopolymerizable membrane material. 
The ion-sensitive material used is similar to 
that reported by van der Wal et al. [4], but 
with the important difference that it can 
be photolithographically patterned. In order 
to ensure a thermodynamically well-defined 
membrane-ISFET interface, an intermediate 
polyHEMA membrane is used. This is chemi- 
cally attached to the previously functionalized 
ISFET surface. The ion-sensitive membrane is 
also attached to the sensor surface by chemical 
bonding. The complete sensor structure is 
depicted in Fig. 1. 

Sensor Fabrication 

The fabrication of the basic ISFET struc- 
tures has been described in an earlier paper 
[9]. The completed wafers containing the IS- 
FETs were presilylated with 3-( trimethoxy- 
silyl)propyl methacrylate prior to the mem- 
brane deposition. Subsequently, polyHEMA 
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Fig. 1. Schematic drawing of 
sensor. 
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Fig. 2. SEM photograph of part of a wafer containing 
ISFET structures covered with approximately 30 pm 
thick pHEMA membranes. 

membranes with a varying thickness between 
20 and 50 ,um were deposited and photolitho- 
graphically patterned onto the pH-sensitive 
ISFET gates as described in ref 8. In Fig. 2 a 
SEM photograph of part of a wafer with the 
polyHEMA membranes is shown. The ap- 
proximate thickness of the membranes is 
30 pm. After deposition of the membranes, 
they were conditioned in a 1: 1 mixture of a 
pH 4 buffer and 0.1 M CaCl,. 

In the next step, polysiloxane membranes 
containing 0.7 wt.% calcium ionophore (ETH 
129, Fluka) and 0.4 wt.% potassium te- 
trakis( 4-chlorophenyl) borate were photo- 
lithographically patterned on top of the poly- 
HEMA-covered ISFETs. The thickness of 
the calcium-sensitive membrane was chosen 
such that it covered the underlying poly- 
HEMA membrane completely. The com- 
pleted structure is shown in Fig. 3. In this 
case, the polyHEMA membranes have a 
thickness of approximately 25 pm, whereas 
the polysiloxane membranes are approxi- 
mately 80 ,um thick (or 55 pm on top of the 
polyHEMA). From the photograph it can be 
concluded that the structure definition is bet- 
ter than 20 ,um, which is quite satisfactory for 
the membrane thickness involved. A light-mi- 
croscope photograph shows the double mem- 
brane structure over the gate of the 
pH-ISFET more clearly (Fig. 4). 
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Fig. 3. SEM photograph of part of a wafer containing 
ISFET structures covered with both a 25 pm thick 
pHEMA membrane and a 80 pm thick calcium-sensi- 
tive polysiloxane membrane. 

Fig. 4. Light-microscope photograph of the same wafer 
as in Fig. 3. 
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Fig. 5. Response of three different calcium-sensitive 
ISFETs covered with a photopolymerized pHEMA and 
polysiloxane membrane upon titration of CaCl, into 
demineralized water. T = 25 “C. 

tion limit is because no calcium buffer was 
used in the background solution. 

Selectivities were measured by the separate 
solution method using 0.1 M unbuffered 
metal chloride solutions. Towards magne- 
sium, sodium, and potassium the potentio- 
metric selectivities were log KgMg = -4.9, 
log KzNa = -4.5 and log Kgk = - 4.1 re- 
spectively. These values are in good agree- 
ment with those reported in the literature for 
conventional calcium-sensitive PVC mem- 
branes [ lo]. 

The adhesion of the membranes to the 
sensor surface (A120g) was confirmed by tests 
in an ultrasonic bath in a pH 7 buffer. It was 
found that without chemical pretreatment, all 
membranes separated from the A1203 surface 
within five minutes, whilst there was no vi- 
sible loss of membrane adhesion even after 
two hours when using presilylated surfaces. 

Results 
Conclusions 

The performance of the ISFETs covered 
with the photopolymerized calcium-sensitive 
membranes has been investigated for three 
completed devices. The calcium sensitivity 
was tested by titration of a demineralized, 
unbuffered, aqueous solution with CaCl,. 
The response curve of the three sensors is 
shown in Fig. 5. The measured sensitivity was 
28.7 mV/dec and the detection limit 10-6.4 M 
calcium. The relatively high level of the detec- 

This method of depositing and photolitho- 
graphically structuring ion-sensitive polysilox- 
ane membranes is suitable for the production 
of ion sensors on a whole-wafer scale. It 
allows the formation of thick membranes 
(SO- 100 pm) that can be structured into rela- 
tively well-defined surface areas (definition 
better than 20 pm). The calcium sensing be- 
haviour is as good as with conventional 
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PVC-type membranes, whereas the large 
thickness prevents a too rapid leakage of the 
ionophore. Considering the excellent adhesion 
properties in addition, the lifetime of this 
ion-sensing device is expected to be compara- 
ble to that of conventional ion-selective mem- 
brane electrodes. Finally, the method offers 
the very attractive possibility for producing 
multi-ion sensors on-wafer. 
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