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Abstract

A micromachined blood glucose concentration sensor for medical application is
designed and simulated. The proposed sensor is based on Molecularly Imprinted
Polymers (MIP) method. Sensor structure includes a reaction chamber, electrodes, and a
microneedle. The glucose concentration is measured by impedancemetry which is a well
known method in electrochemically measuring systems.

Several glucose detection methods are described and their opportunities in
micromachining technology are studied. Then MIP method is introduced as the best
method for glucose measurement procedure. Its advantages are high sensitivity, high
durability, high selectivity, enzyme free structure and reaction free measuring procedure.
The blood flow in microchannels was simulated by FLUENT 5.2 software. Microneedle
strength was simulated by ANSYS 5.4 software.

The overall microneedle dimensions were designed and determined. These designed
parameters include length of the microneedle, electrode area, inner diameter of the
microneedle and its wall thickness.

A model was proposed for sensor sensitivity versus glucose concentration, and an
electrical model of sensor was sketched. Sensor has a precision of about 10mg/dL.

A detection circuit was designed for measuring the capacitance variation. This circuit
provides a sensitivity of 10mV/nF, which resulted a total sensitivity of 1.5mV/unit for the
sensor, where unit equals to 10mg/dL.

Finally fabrication steps were proposed and the appropriate masks were designed.

Tt must be mentioned that, MIP based glucose micromachined sensor has not been
developed yet.

The proposed sensor has: 1) Better measuring method compared to previous
micromachined sensor. 2) Small area (6mm?) which is suitable for batch processing.

3) small response time and 4) High sensitivity.
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Chapter 1

An Introduction to MEMS’
Applications

1.1 Introduction

The use of silicon micro sensors is increasing at high rates since micromachining has
become a more or less mature technology. These sensors are used in great numbers,
specially in automobiles, process control, in the medical field and for scientific
instrumentation. Market studies in the past years (mid nineties) have predicted an
enormous increase in the need of these sensors. Recent predictions on market volumes of
microcomponents are in the range of US $ 100 billion annually in Europe alone [1].

The production price for these sensors has dropped well below one dollar per piece.
This dramatic development is due in first instance to the way microsensors are fabricated.
The technology derives from integrated circuit fabrication technology where the

production price per piece is roughly reciprocal to the number of fabrication units. This
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production method is called “ batch processing “ where a large number of components
are made at the same time. Basically silicon is machined using etching techniques, thin
film deposition and wafer bonding. This fabrication method is now known as “ silicon
micromachining ¢ Silicon micromachining has become reliable, which is a second
important reason for the commercial success of microsensors.

In many technical systems there is a strong trend for miniaturization. This trend
results on one hand from the fact that small components and systems perform differently:
small systems can perform actions, large systems can not (example: minimal invasive
surgery). In many cases a miniaturization makes the system more convenient (e.g.: GMS
telephone). On the other hand technology derived from IC fabrication processes allows
the production of miniature components in large volumes for low prices (e.g.: pressure
sensors for automobile applications, ink jet printers) [1].

Micromachining is very complex and not developed to a standard technology. The
process space is still largely unexplored. When designing a microsystem, the fabrication
process of the system must be designed, too. Thus system design and process design are
integrated in a single design process. Microsystems designers, there fore, must have a
large number of skills and a rather broad experience. This is a quite different from IC
design and processing. For IC processes, there are strict and clear design rules which
guide the circuit designer, and he does not have to worry how the circuit is actually made.
Microsystems designer must be able to design both the system and the fabrication
process.

Usually Microsystems have complex functions. The functions have roots in different
physical domains. For a sensor this is clear, a sensor must transmit a signal from a
particular domain ( chemical, mechanical, thermal ) to the electrical domain. A sensor
designer must of course know the domains to which the sensor has ports. As an example,
in a pressure sensor a membrane is deformed and the deformation is the measure for the
pressure. The sensor designer must know the mechanical properties of membranes. The
deflection of the membrane can be measured for example by optical interferometry. In
this case the designer must know optics as well. The designer must know how to treat his
( usually ) small electrical signal, how to amplify it, how to realize the interfaces to a

computer, so he must have knowledge of electronics, too. Therefore, sensor designers are




Jackes of all trades. In practice, they have to work in groups of engineers of different
colors, and understand enough of other disciplines in order to be able to communicate.
The use of lithographic and other fabrication technologies to create miniaturized sensors,
actuators and structures has become increasingly popular in many areas of science and
engineering. In order to fabricate such devices, the addition, subtraction, modification
and patterning of materials are typically done using techniques originally developed for
the integrated circuit industry. In the late 1960°s, researchers began to appreciate the fact
that silicon and other semiconductors could be used to fabricate not only discrete and
integrated electronic circuits, but also transducers and other devices with new properties
due to the materials used and their miniature size[2]. The term micromachining broadly
refers to the use of lithographic and other precision techniques to carry out such
fabrication.

The interdisciplinary nature of both micromachining techniques and their application
can and does lead to exciting synergies. Use of these technologies has result in an
unprecedented range of devices that can be employed in applications through either
displacement of macroscopic competitors or by enabling functions that are otherwise
impossible. It is the latter case where the use of micromachining can be most effective in
creating new capabilities and products [2].

In many cases, the use of these miniaturization technologies confers advantages
beyond the obvious decreases in physical volume and weight, such as increased
performance and reliability, and decrease cost. We also must say that miniaturizing of
some systems wont be a modification. In other hand it is impossible to miniaturize all
systems. For example when miniaturizing clinical diagnostic instruments, in many cases
the sample volumes required to obtain statistically valid samples of bacteria or viruses are
many times larger than the microstructures themselves. ( Potentially reducing throughput

if they must routed through microfluidic devices ).
1.2 Medical Applications of MEMS

Much is expected for application of micromachine technology in the medical field.

Recently, less invasive diagnosis and treatment that harms the body less and gives the




