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Recently, the introduction of chip
technologies has given an enormous
impetus to progress in the field of
fluidic devices, mainly for the analy-
tical sciences. Several new compa-
nies have entered the market with
pocket-size chemistry equipment,
like high-throughput screening
systems, portable environmental
monitoring devices and miniature
DNA analysers. These chips are fre-
quently being referred to as "micro-
fluidics", in analogy with the more
familiar "microelectronics" chips. A
similar revolutionary impact is
expected of these so-called "Labs-
on-a-Chip", with probably numerous
new applications. 

The University of Twente has been
involved in microfluidics research
since about 1980. As a follow-up to
earlier work in the field of microme-
chanics going on at U.S. universities
like Stanford and Berkeley, in 1988
researchers in Twente managed to
develop a piezoelectrically driven
micro pump [1], fabricated with now
well-established methods like an-
isotropic silicon etching and anodic
bonding of Pyrex to silicon. Since
1993 the research efforts in micro-
fluidics at the MESA Research Insti-
tute (founded in 1990 in order to
link MST work of chemistry, physics
and electrical engineering research
groups at the University of Twente)
are coordinated within the strategic
research orientation "µTAS" or
"Micro Total Analysis Systems", hea-

ded by Albert van den Berg. This
research orientation has conti-
nuously expanded since then, and
after the recent mergers of MESA
with the Center for Materials Re-
search into MESA+ continues to be
one of the most important research
fields in Twente, as is evident from
the fact that the 4th µTAS sympo-
sium was organised by and held at
the University of Twente on May 14-
18 of this year [2]. 

New silicon technologies
Several examples of recent technolo-
gical developments in the field of
microfluidics at MESA+ are shown in
figures 1 to 3. The tube-like mem-
branes composed of porous silicon
with pore sizes in the range of 10 to
30 nm can be applied e.g. as macro-
molecular sieves or as catalytic surfa-
ces in microreactors, and actually are
applied in micro fuel cells by re-
searchers of Lucent Technologies at
Bell Labs [3]. Buried channels are
useful as separation columns in
capillary electrophoresis -the chan-
nels are composed of a transparent,
electrically insulating thin-film
material- or liquid or gas chromato-
graphy methods, and the buried
channel technology can be used to
create fluidic networks for high-
throughput experimentation. The
micropipettes were applied as "grip-
pers" for beads attached to DNA
strands in order to study the mecha-
nical properties of DNA [4].

Field Effect Electro-Osmotic Flow
Control
In many micro chemical analysis or
synthesis systems flow control is a

crucial issue. Because of the someti-
mes extremely narrow channels that
are included in such systems, con-
ventional flow control by hydraulic
pumping cannot always be applied
because excessively high pressures
are required to achieve a significant
liquid flow rate. It was demonstra-
ted by researchers of Sandia Natio-
nal Labs, though, that especially in
such narrow channels electro-osmo-
tic flow pumping principles are very
advantageous, and can be used to
create extremely high pressures [5].
Stimulated by this work, we develo-
ped a chip in which electro-osmotic
flow principles are combined with
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Fig. 1: Porous silicon membranes in a semicircu-
lar channel

Fig. 2: Silicon nitride channels buried in a sili-
con wafer

Fig. 3: b) Pipette with a polystyrene bead atta-
ched to it.

Fig. 3: a) Silicon nitride pipette [4]
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local field effects to achieve liquid
flow control similar to current con-
trol in electronic field effect transi-
stors [6]. A picture of this so-called
"flow-FET" is shown in figure 4. The
chip consists of glass microchannels,
as described in a previous article in
this newsletter [7]. 

Cation separation in a microchip
with integrated conductivity
detection
Recently we have developed a capil-
lary electrophoresis chip with thin-
film platinum electrodes serving as a
conductivity detector, integrated in

the separation microchannel, see
figure 5. The channel was fabricated
using a deep reactive ion-etched
structure in silicon which acted as a
mold for the development of a
transparent and insulating silicon
nitride microchannel with precisely
defined geometry (see [7] for a
description of the technology). An
automated combined hydrostatic /
electrokinetic procedure for sample
injection was used, and conductivity
was measured with lock-in amplifier
electronics. Reproducible separation
of a test mixture of sodium, potas-
sium and lithium ions (0.5 mM each)
was obtained using a separation vol-
tage of only 500 Volts. This chip will
be developed further into a system
for the determinatium of lithium in
blood samples of patients with
mood disorders who use lithium
medication. 

Microreactors and micro analysis
systems developed in parallel
We are now investigating the appli-
cability of the previously described
flow-FET principle in fluidic net-
works for high-throughput screen-
ing of combinatorial libraries, see
figure 6. Such systems combine
mixing and reaction in  micro struc-
tures with in-line detection, separa-
tion and analysis of either reactants
or products or both. Microreactors,
which constitute an increasingly
important category of Labs-on-a-
Chip, typically have channels of a
few hundred µm wide and are a few
mm long, and therefore exhibit
extremely large surface-area-to-
volume ratios. They not only allow
optimised heat control but also
offer a high relative area of catalytic
surface, which together with the
small dimensions allow a quick inter-
ruption of chemical processes, which
may lead to higher selectivity and
thus to higher-quality products.
Additionally, the integration of sen-
sors and actuators with the microre-
actor structure offers opportunities
for in-line measurement of relevant
in- or output parameters and feed-
back to e.g. reactant flows, pressu-
res and temperatures. Applications
of such systems will be in the field
of High-Throughput Experimenta-
tion (HTE), a field engaged in the
automated parallel synthesis and
subsequent analysis of very large
numbers of "leads" for the develop-
ment of specialty chemicals, like
pharmaceutic compounds. Used

Fig. 6: Artist's impression of a microfluidic network based on flowFETs.Fig. 5: b) close-up of thin-film platinum 
conductivity detector. 

Fig. 4: b) Sequence of video frames showing the manipulation of a dye plug in the central section
of the flowFET in a); the arrows indicate the direction of liquid flow, as dictated by the voltages on
the two gates, from [6].

Fig. 4: a) Flow FET structure with two gates, g1 and g2

Fig. 5: a) Chip with 50 µm by 20 µm glass chan-
nels with integrated conductivity detector
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alone, or in conjunction with exi-
sting methods, this approach can
dramatically reduce the develop-
ment cycle, therewith speeding com-
mercialization of new materials as
well as increasing the chances of
technical success and innovation
through greater parameter diversity
in the product/process screening
phase. The high potential of such
systems was demonstrated by Has-
well and co-workers [8], who were
able to obtain exemplary product
selectivities by applying capillary
electrophoresis during an ongoing
reaction in a microsystem; because
one of the reaction products was
continuously "extracted" from the
flowing mixture, the reaction was
driven almost to complete conver-
sion. 

Note
This article is based on a presenta-
tion given by H.Gardeniers at the
"Biomedical Applications of Micro &
Nano Devices" conference, April 11,
2000, in Newcastle U.K. 
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Introduction
In order to determine the dynamic
behavior of the blood pressure direc-
tly at the point of interest it is neces-
sary to make use of minimal-invasive
methods. Today’s catheter-based
pressure sensors retain an increased
risk of sepsis as the skin is penetrated,
thus restricting measurements to
short and medium terms. This limita-
tion can be overcome by coupling
sensors with a telemetric subsystem,
which supplies the sensor with power
and transmits the data, thus allowing
long-term monitoring of physiological
values of interest (e.g. pressure, body
temperature) at various locations
inside the human body. 

Within the BMBF funded ITES project
the vision of bio-telemetry should
become reality by utilizing highly
minia-turized sensors, advanced
mounting and assembly and coating
technology. Two research institutes
(MCB - Microsystem Center Bremen,
IBMT Rostock), industrial partners
both from the medical (BRAUN) and
semiconductor industry (INFINEON),
several smaller companies (ATB, ETD,
Microsensys), and the University Hos-
pital Bochum as clinical partner were
involved in this project.

Technical concept and realization
The concept is based on the teleme-
tric (inductive) transmission of
energy to the implant and transmis-
sion of data by the passive absorp-
tion modulation method to an exter-
nal monitoring and data logging
unit. Transmission through the skin
eliminates the need for an active
power source in the implant. In order
to minimize power consumption and
size of the implant, two versions of
integrated capacitive surface micro-
machined pressure sensors have been
developed: monolithic at INFINEON,

Fig. 1: Capacitive absolute pressure sensor
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In the first special issue "Medical
Applications" of mst news we pre-
sented the concept of an implanta-
ble telemetric endosystem (ITES). In
the present article we describe the
results of this project. An ophthal-
mologic application is given as an
example for the upcoming com-
mercialization. 


