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Abstract

A microsensor array to measure chemical properties of biological liquids is presented. A hybrid integration technique is used
to mount four sensor chips on a micro flow channel: a pressure, temperature, pH, combined pO, and pCO, sensor chip. This
results in a microsensor array which is developed to meet the technical requirements for space applications. The integration
method allows to integrate other types of sensor chips. This multi-purpose and multi-user approach makes the microsensor array
suitable for various biochemical applications. © 1997 Published by Elsevier Science S.A.
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1. Introduction

Over the past years there has been an increasing
interest in flow type biosensing devices, which take up
samples at a constant rate and perform an in situ or in
vivo monitoring. Recent progress made it possible to
fabricate three-dimensional microstructures, e.g. by us-
ing micromachining. This allows the development of
miniaturized flow type biosensing devices, which take
up minimum amounts of biological samples. The mi-
crosensor array, presented in this paper, is a flow type
sensor array for space applications.

Since the microsensor array operates in a biological
environment, biocompatibility is one of the main re-
quirements for this instrument. This means that the
microsystem does not influence the characteristics of
the liquid sample being investigated. Another require-
ment is that low temperature packaging and mounting
processes must be used in order not to damage the
sensor chips. Also the possibility to visually inspect the
liquid in the microsystem is required. Further, for space
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application one should keep the weight and volume of

the system very low. For the same reason, the sample

volume has to be kept small in order to limit reagent
consumption. In the case of the microsensor array, the

microsystem volume has been reduced to less than 17

ul.

The microsensor array consists of the following mod-
ules:

e Flow system board: a board which contains the
complete liquid handling system including a sensor
carrier

e Sensor carrier: a micromachined structure which
contains four sensor chips

e Interface electronics and data acquisition module

2. Flow system board

An overview of the flow system board layout is given
in Fig. 1. This board contains the complete flow system:
two magnetic valves, a peristaltic pump and a sensor
carrier, which are interconnected by short tubes.

By switching the valves, it is possible to pump up
three different liquids in sequence to the sensor carrier.
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Fig. 1. Flow system board layout (2 x 3 in).

Before measuring the chemical properties of a sample,
calibration liquids from the reservoirs are injected in
the sensor carrier via the valves. From the outlet of the
sensor carrier, the liquid is pumped into the waste
reservoir. After calibration, the valves are switched and
the sample liquid is pumped into the sensor carrier at a
constant rate. While the sample in the sensor carrier is
continuously renewed, the superfluous liquid is pumped
into the waste.

The sensor carrier with the sensor chips is the core
element of the flow system. The sensor carrier is
mounted on a small PCB support which is plugged with
pins on the flow system board. The sensor signals are
read out via a flat cable connector. A demonstrator
flow system board is shown in Fig. 2.

Fig. 2. Flow system board.

Fig. 3. Sensor carrier mounted on a PCB support with SIL connec-
tors.

3. Sensor carrier

Fig. 3 shows a demonstrator sensor carrier which is
mounted on a PCB support with SIL connectors. Two
plexiglass modules, which have screwthread connection
for the tubes, are sealed on the liquid inlet and outlet of
the sensor carrier.

The sensor carrier (Fig. 4) consists of an internal
liquid channel with a liquid inlet and outlet, which
provides a continuous flow of liquid. The internal liquid
channel (depth: 350 um, width: 1400 um) is formed by
anodic bonding of a micromachined glass wafer to a
micromachined silicon wafer. The individual sensor car-
riers are obtained by dicing this stack. Four sensor
chips are mounted along the liquid channel on the back
side of the sensor carrier.

Fig. 5 gives a cross section of the sensor carrier along
the liquid channel and shows how the liquid is lead to
the sensors by the shape of the pyrex glass.

Fig. 6 shows a cross section of the sensor carrier
perpendicular to the liquid channel. The sensors are in
contact with the internal liquid channel by through
holes in the silicon. The four sensor chips are sealed
hermetically to the silicon side by means of epoxy

via holes
for wire bonding
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liquid inlet
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Fig. 4. Sensor carrier layout.
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Fig. 5. Cross section along the liquid channel.

sealing. Grooves, in which epoxy can be dispensed,
have been micromachined in the silicon structure. A
biocompatible torr seal epoxy curable at room tempera-
ture is used. It is deposited in the silicon grooves with a
programmable dispenser. The sensors are aligned and
placed by means of a flipchip bonder. Electrical con-
tacts to the sensor bond pads are realized at room
temperature by ultrasonic Al wire bonding. The bond
pads are accessed by holes in the sensor carrier. After-
wards a UV curable transparent glob top epoxy DY-
MAX 425 is used to protect the wire bond. The
transparency of the glass channel allows the investiga-
tion of the liquid flow through the channel with a
microscope. All parts (e.g. silicon, pyrex glass, sensors,
epoxy) in contact with the fluid are biocompatible.

4. Sensor chips

The following sensors have been mounted on a
demonstrator sensor carrier:

e Capacitive pressure sensor: this device is a high
sensitivity pressure sensor (354 10) fF kPa—! [1].
The rest capacitance is about (4 &+ 0.5) pF.

o Temperature sensor: the temperature is sensed by
means of a conventional Si diode, which is fabricated
in standard 1.25 pum CMOS technology [2].

o pH-ISFET sensor: the ISFET sensor is based on a
Ta,Os gate process for maximum sensitivity and
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Fig. 6. Cross section perpendicular to the liquid channel.
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Fig. 7. Microsensor array configuration.

minimum drift [3]. The device contains two ISFETs.
On one of the two ISFETs, polymer is deposited and
patterned to create a longer diffusion time. During
this time, the pH is measured differentially between
the fast and slow response ISFET.

o pO,/pCO, sensor: the detection principles of this
combined sensor [4] are respectively a Clark-
type pO, sensor (O,+ 2H,O +4e~ «—40H ) and
a Severinghaus-type pCO, sensor (CO,+ H,0«
H,CO;~H™* + HCO; ).

5. Interface electronics and data acquisition

A separate printed circuit board containing the read-
out electronics is connected to the flow system board
either directly by SIL connectors or by flatcable. This
printed circuit board takes care of signal conditioning,
amplification, power supply for the sensors, pump and
valves and the interface to the data acquisition.

After the signal conditioning, a data shuttle performs
multiplexing and A/D conversion (12-bit). A PC ac-
quires the data and controls the complete microsensor
array: manual/automatic switching of valves, data ac-
quisition (calibration parameters, units), presentation of
sensor data, etc. An overview of the system layout is
given in Fig. 7.

6. Experimental results

Functional tests on the microsensor array have been
performed in dry environment as well as with liquid
samples (e.g. leakage, priming, interference, sensitiv-
ity, ...). The ability to sterilize the sensor carrier by
means of H,O, has been demonstrated. Two days after
sterilization, no contamination was found in the nutri-
ent. Compatibility with different salt and protein con-
centrations has been shown. The usability of the
microsensor array for fermentation has been proven in
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a glucose mineral salt medium with E. coli cells. The
influence of the cell growth on the sensor properties has
been tested.

7. Conclusions

The manufacturing of a hybrid microsensor array
which satifies requirements for multi-analyte biochemi-
cal analysis, is presented. The technology can be used
to mount different types of sensors (e.g. potentiometric,
amperometric, ...). The developed analysis system is
characterized by its biocompatibility, multi-purpose
and multi-user capability. In particular, low tempera-
ture processes are used for the sensor integration. The
possibility of sterilization of the sensor array has been
verified.
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