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Solid State Bonding

Device samples of the Samba Interference Sensor.

Bonding techniques of differ-
ent kinds are essential in mi-
cromachining. Bonding not
only makes 3D-structures pos-
sible, but also makes complex
microsystems possible by ena-
bling the integration of micro-
mechanical devices such as
sensors, actuators, and CMOS
logic.

For microelectronics ap-
plications, the driving force for
bonding research has been the
fabrication of Silicon-On-In-
sulator (SOI) materials, allow-
ing for smaller, faster, and
cheaper integrated circuits.
With modern chemical me-
(CMP)

chanical polishing

techniques, bonding tech-
niques can also be used in
standard IC-processing. This
opens the possibility of inte-
grating previously incompati-
ble processes.

An interesting new field of
applications is in Opto Elec-
tronic  Integrated  Circuits
(OEIC), where bonding of III-
V semiconductors to each other
or to silicon, is a needed
processing step.

One of many microma-
chined sensors for which bond-
ing is an essential fabrication
step is the Samba Interferom-
eter Sensor, shown above. Two
silicon wafers are joined by

thermal bonding via a pat-
terned thermal oxide. The
depth of the created cavity is
determined by the thickness of
the oxide and can be accurately
controlled. Light penetrating
the structure perpendicular to
the bonded interface is subject
to interference if the depth of
the cavity is correctly chosen
relative the wavelength of the
incoming light. Changing the
depth, for example by apply-
ing an external pressure,
changes the interference con-
ditions and the intensity of
light reflected by the cavity;
hence a pressure sensor is ob-
tained.
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EDITOR’S

NoTE

Two of the most impor-
tant micromachining pro-
cesses are etching and
bonding. Etching was in-
troduced in the first issue
lastyear (MSB 94:1). This
issue will focus on bond-
ing. Both techniques are
based on refined methods
used for microelectron-
ics. Further articles de-
scribing these processes
will follow.

Most of our readers
should have already re-
ceived the announce-
ments for MSK (March
28-29) and Etching Tech-
nology (April 25-26). In-
formation regarding the
NEXUS workshop, Ac-
celerometers, to be held
in Uppsala immediately
prior to Transducers '95¢
Eurosensors IX, will soon
be available. It is worth
noting that the number of
registrations to MSK in
the first days following its
announcement indicates
that the number of partic-
ipants may exceed the as-
signed maximum number
of participants.

The use of MST-based
devices is limited only by
the imagination. Explor-
ing life will reveal many
new possibilities, as sum-
marized by Soren Kierke-
gaard, “Life is not a prob-
lem that should be solved,
it is a reality that should
be experienced”. This
saying applies also to my
Christmas tree at home. It
has started to grow, exact-
ly as last year’s tree. Why
not leave it and enjoy the
wonders of nature instead
of throwing it out on a
specific date.

Jan Soderkvist

Micromechanics at the Department
of Solid State Electronics Chalmers
University of Technology

he research activi-
T ties at the Depart-
ment of Solid State
Electronics are specialized in
devices and circuits composed
of silicon and silicon related
materials. Within these para-
meters, research is performed
in a wide spectrum ranging
from basics to applied.

Some of the topics recently
studied are the thermodynamic
properties of charge carriers in
semiconductors, gold-hydro-
gen impurity complexes, ultra-
thin oxides, electronic proper-
ties of the interfaces between
dielectrics and silicon, remote-
plasma-CVD-dielectrics, ther-
mal bonding of oxide, AIN and
diamond on silicon, micro-
mechanical sensors and para-
meter extraction methods
for MOSFETs. Micromechan-
ical projects includes opti-
cal structures with microcavi-
ties (the Samba Sensor),
accelerometers and thermal
detectors.

Recently a new project,
named Chalmers Kiseldesign,

Reference
Thermistor

was initiated with the aim to
create novel possibilities for
interaction between the depart-
ment and small and medium-
sized enterprises (SMEs) with-
in the silicon technology field.
In addition, a spin-off compa-
ny, Samba Sensors AB, was
founded based on original de-
vice ideas from the depart-
ment.

For the future development
of micromechanics, the con-
cept of MecMOS is being in-
troduced within Chalmers
Kiseldesign. Thus, the circuit
design facilities of the depart-
ment are applied towards
CMOS processing at a com-
mercial producer followed by
micromechanical  post-pro-
cessing in the laboratory for
silicon technology in order to
prepare circuit structures with
mechanical and electrical
components contained on the
same chip.

Contact person:
Olof Engstrom
Fax: +46-(0)31-772 36 22

A schematic view of the thermal detector-based bolometer.

Activities in silicon wafer
bondning

Research within the field of sil-
icon wafer bonding has been
going on at the department for
about 7 years. A large number
of basic investigations into the
electronic properties of sili-
con-related bonded interfaces
have been performed in order
to increase understanding of
their use in device applica-
tions.

A model for unipolar n-n
and p-p junctions has been cre-
ated together with a survey of
the properties of p-n junctions
and oxide interfaces. The
charge properties of the latter
structures are of considerable
importance in the preparation
of Silicon-on-Oxide (SOI) ma-
terials by silicon wafer bond-
ing. The conditions for the
charging of oxide to oxide in-
terfaces have recently been in-
vestigated in detail by combin-
ing optical and electrical meth-
ods.

In the search for new insu-
lating materials in SOI technol-
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ogy, the possibility of using
diamond or aluminum nitride
is being investigated due to
their high thermal conduction
coefficients. This work is car-
ried out in collaboration with
Uppsala University. Bonding
conditions and electrical prop-
erties have been also studied in
this collaboration.

Recently, measurements
performed by atomic force mi-
croscopy have been used to
find a parameter correlated
with the bonding strength. A
relationship between the Fou-
rier-transformed characteris-
tics of surface roughness and
the strength of bonding be-
tween different materials has
been observed.

Contact person:
Stefan Bengtsson
Fax: +46-(0)31-772 36 22

A thermal detector for single
quanta of radiation

As part of a program aimed at
the development of thermal
quantum detectors, a bolo-
meter has been developed in
collaboration with the Depart-
ment of Physics at Chalmers. A
schematic view of the device is
shown below.

Anincidentradiation quan-
tum is absorbed on a pure sili-
con body (absorber) where its
kinetic energy is converted into
heat. The absorber, with a vol-
ume of about 0.05 mm?, is sus-
pended by thin supporting bars
of heavily doped silicon, on
which aluminum heat leads are
evaporated, and by a layer of
silicon dioxide.

A thermistor is implanted
on the back of the absorber to
detect the temperature increase
caused by the absorption of a
quantum. A reference thermis-
tor is positioned on the front
surface. The leads connected to
the absorber do not only serve
to thermalize the absorber,
they also serve as excellent
electrical conductors to the
thermistor, since aluminum
goes into its superconducting
state far above the working
temperature of about 50 mK.
The sensor has been tested with
radiation from '”Cd with re-
sults consistent with those pre-
dicted.

Contact persons:

Rickard Larsson

Fax: +46-(0)31-772 36 22
and Goran Nyman

Fax: +46-(0)31-772 32 69

A Novel 3-axis monolithic
accelerometer

silicon

orking prototypes of
\; \/ anovel 3-axis mono-
lithic silicon accel-
erometer have been manufac-
tured at the department, in co-
operation with Saab Com-
bitech AB. The experience
from the prototypes is most
encouraging and has, almost
beyond expectation, confirmed
the theoretical predictions of
negligible cross-axis sensitivi-
ty and high accuracy in the sep-
aration of an arbitrarily direct-
ed acceleration.

The accelerometer design
has the possibility to accom-
plish sensibility for angular ac-
celeration or velocity. Further,
the present design has a good
possibility for being developed
into a low cost 3-axis acceler-
ometer in the 0-2 g range with
aresolution of about 10 mg due
to the simple manufacturing
process.

The 3-axes design of the
accelerometer consists of four
cantilever beams, with adher-
ing masses of inertia (see sche-
matic figure). The concept of
the accelerometer design is that
each cantilever beam is by pur-
pose sensible to force compo-
nents along two axes in a Carte-
sian system of coordinates, in
contrast to conventional con-
structions where each sensing
element is optimized to sense
forces along just one axis.
Here, the output signal from the
cantilever beams is used in
pairs or all together to calculate
the acceleration along each of
the three Cartesian axes. For
instance, the inertia force in the
x-direction is found by sub-

The 3-axis monolithic silicon accelerometer.

tracting the response from
beams 2 and 4 (F=(F,-F}/
2sina), and in the z-direction by
adding the response from all
beams (F = { F +F,+F,+F}/
4sino).

To form the masses of iner-
tia, each of which is symmetric
with respect to the beam, and
the cantilever beams inclined to
the surface, (100)-oriented sili-
con wafers are used as a starting
material. The cantilever beams
that support the inertia masses
are etched parallel to the (111)-
planes with the well-defined
angle 0=54.73° to the (100)-
planes in the silicon crystal,
(see also MSB 94:1). A (100)-
oriented silicon wafer gives the

A schematic sketch
showing one 3-axis
accelerometer where
the four differently
oriented (111)-
planes are inclined
to the wafer plane
with the angle of
54.73° Each is
marked with a

different pattern.

possibility to have four differ-
ent (111)-beams oriented with
an angle of 90° to each other.

Contact person:
Gert Andersson
Fax: +46-(0)31 772 36 22

The four smaller sketches
show how an arbitrarily
directed acceleration is
separated into acceleration
vectors.
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Micromachining Basics Part 6:

Solid State Bonding

Cross sectional SEM photograph of a structure with a bonded
Si0,-Si interface. The oxide is I pim thick.

or silicon micro-
F machining to be suf-
ficiently  versatile,
methods not only to remove,
but also to add material in a
controlled manner are neces-
sary. Adding material can be
done chemically, by chemical
vapor techniques or electro-
plating, or physically, by sput-
tering, epitaxial growth or sol-
id state bonding.

When two flat and clean
surfaces are brought into con-
tact, a strong mutual adhesion
appears. This phenomenon
was described in the literature
as early as 1936, by Lord

Rayleigh, concerning polished
glass slabs in “optical contact.”
Such a method for the joining
of materials is attractive for
combining  monocrystalline
semiconductors, in that neither
glue nor external forces are
needed. Bonding offers an al-
ternative to epitaxially grown
layers, and makes precise con-
trol of the joint thickness possi-
ble.

Silicon Direct Bonding

The first reports on direct
bonding of silicon surfaces
were presented in 1986, and
since then there has been sub-
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stantial research on this sub-
ject. Today’s market offers
very high quality silicon wa-
fers with very flat surfaces and
extremely low surface rough-
ness. With highly developed
cleaning processes, this al-
lowes for bonding to become a
key technology in microme-
chanics and microelectronics.

Electrical interconnects,
such as ohmic contacts be-
tween different silicon layers
and shallow pn-junctions, re-
quire clean and completely ox-
ide-free interfaces between the
silicon surfaces. Surface oxide
is removed in an aqueous HF
solution before bonding, mak-
ing the surface not only oxide
free, but also hydrophobic
(Greek: hydor = water, phobis
= fear, i.e. a drop of water does
not wet the surface). When the
wafers are put together, van der
Waals forces between the out-
ermost surface atoms cause
surface adhesion. At elevated
temperatures (400-600°C, N,
ambient), dehydration takes
place, and Si-Si bonds will be
formed as illustrated in the
schematic figure. Electrical
contacts between different lay-
ers can also be accomplished
by bonding with intermediate
conductive films, e.g. metals
that form silicides during an-
nealing.

Silicon-to-Insulator Bonding

In many applications, an insu-
lating layer of silicon dioxide
between the silicon surfaces is
necessary, insulating one

Schematic illustration of the
proposed bonding mechanism
for a) hydrophobic and b)
hydrophilic silicon surfaces.

structure from another, or as a
sacrificial layer.

Oxidized silicon surfaces
to be bonded are made hy-
drophilic (Greek: philis =
friend, i.e. a drop of water will
wet the surface), which is easi-
ly accomplished by a standard
cleaning procedure. The op-
posing OH groups will attract
each other, holding the wafers
together at room temperature.
By an annealing step, Si-O-Si
bonds are formed, and at very
high temperatures (above
1000°C) the bond is complete-
ly sealed by viscous flow of the
oxide (see photo to the left).

Bonding between silicon
and quartz surfaces is desired
in certain situations, such as
between a quartz resonator and
a silicon chip. The problem
with interface stress due to the
large mismatch in thermal ex-
pansion coefficients between
the materials must be solved.
Successful bonding by reduc-
ing the thickness of one of the
materials, and keeping the
bonding temperature at a mini-
mum, has been reported.

A commonly used method
for joining silicon and glass
substrates is anodic bonding
where heat and an applied volt-
age are used to electrostatically
force the surfaces together.
Thermal mismatch can cause
marked stress, leading to frac-
tures in the interface during
cooling. Therefore, thermally
matched Pyrex or Corning
glass wafers are predominantly
used for these purposes.

The bonding temperature is
typically about 400°C, in
which the glass is somewhat
deformable. This will facilitate
complete contact between the
surfaces, even if they original-
ly were not perfectly smooth.
This method has an advantage
over direct bonding in that a
markedly lower temperature is
needed.

Bonding of Silicon to III-V
Semiconductors

Until recently, semiconductor
lasers on silicon have been pro-
duced by heteroepitaxial
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A bonded silicon wafer pair, as seen in transmitted infra-red
light. Non-bonded areas are seen as dark spots.

growth. However, the materi-
als suffer from a large lattice
mismatch which gives rise to
high dislocation densities. Di-
rect bonding techniques are
quite insensitive to lattice mis-
match, and therefore they offer
a unique approach to OEIC
fabrication. The thermal mis-
match between the two materi-
als must still be considered,
though. Several promising
techniques have been present-
ed. Some of them are quite sim-
ilar to those used for direct
bonding of silicon surfaces, but
lower temperatures are used to

ing techniques which are re-
producible and has suffi-
cient exactness to be used in
micromechanics and micro-
electronics. There are other
methods that must be fur-
ther developed before gain-
ing acceptance.

By using bonding with
modern polishing and etch-
ing techniques, several new
applications can be created
including fully integrated,
complex micro-systems and
true 3-D devices.

overcome problems with ther- | Karin Ljungberg,
mal mismatch. Ylva Béicklund and
Anders Soderbdirg

Epilogue
Already, there are many bond-

Uppsala University
Fax: +46-(0)18-55 50 95

Bonding Elementary
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TRANSDUCERS'95 « EUROSENSORS IX
June 25-29, 1995
Stockholm, Sweden

TRANSDUCERS'95 « EUROSENSORS IX is a joint
meeting between the 8th International Conference on

Its main topics are: General and Theoretical,
Materials and Technology, Mechanical Sensors,
Physical Sensors, Chemical Sensors, Biosensors,

Actuators, and Interface Electronics. More than 500

presentations will be given in oral and poster sessions,

including prominent plenary and invites speakers.
A special session on Industrialization of
sensors will be organized.

For further information, please contact:
TRANSDUCERS'95 - EUROSENSORS IX,
c/o Congrex AB
P.O. Box 5619, S-114 86 Stockholm, Sweden
Phone +46-(0)8-612 69 00, Fax +46-(0)8-612 62 92

Solid-State Sensors and Actuators, and Eurosensors IX.

J

The initial room temperature
bonding process depends on
several parameters which
can be summarized in four
main topics:

1. Surface topography, such
as flatness and micro-
roughness

2. Surface chemistry
. Particle density and size

4. Material properties, such
as hardness

Regarding its surface
chemistry, silicon is a mate-
rial offering a great many
possibilities for modifica-
tion. The “dangling bonds”
of the surface atoms can be
coupled with many differ-
ent species, including OH,
H, F or hydrocarbons, de-
pending on their availability
at the surface. This versatil-
ity allows for much freedom
in the manipulation of sili-
con’s bonding properties.

PUBLICATIONS

The following list shows

some MST-related results

published during the last
months:

e Assembling Three Di-

mensional  Microstruc-
tures Using Gold-Silicon
Eutectic Bonding; A.-L.
Tiensuu, M. Bexell, J A
Schweitz, L. Smith and S.
Johansson (UU); Sensors
and Actuators A, 45
(1994) 227-36.
Characerization of an
Inchworm Prototype Mo-
tor; M. Bexell, A.-L. Tien-
suu, J.-A. Schweitz, J.
Soderkvist and S. Johans-
son (UU); Sensors and Ac-
tuators A, 45 (1994) 322—
29.
First Steps of UTAS in
Latvia; A. Lusis et al
(Riga), and A. Lloyd Spetz
et al (LiTH); in Micro To-
tal Analysis Systems, A.
van den Berg and P.
Bergveld (eds.), Kluwer
Academic Publishers, The
Netherlands (1995) 233—
236.

s Gallium Arsenide Micro-
mechanics — A Compari-
son to Silicon and Quartz;
K. Hjort (UU); Alta Requ-
enza — Rivisita di Elet-
tronica., 6 (1994) 48-54.
Microanalysis  Systems
for Gases; I. Lundstrom,
A. Lloyd Spetz, H. Sund-
gren and F. Winquist
(LiTH); in Micro Total
Analysis Systems, A. van
den Berg and P. Bergveld
(eds.), Kluwer Academic
Publishers, The Nether-
lands (1995) 153-163.
Micromechanical Frac-
ture Strength of Semi-In-
sulating GaAs; K. Hjort,
F. Ericson and J.-A. Sch-
weitz (UU); Sensors and
Materials, 6 (1994) 359—
367.

Small Silicon Based Pres-
sure  Transducers for
Measurements in Turbu-
lent Boundary Layers; L.
Cofdahl = (GTH);- E:
Kilvesten and G. Stemme
(KTH); Experiments in
Fluids, 17 (1994) 24-31.
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he European Net-
T work of Excellence
in  Multifunctional
Microsystems (NEXUS) aims
at bringing together European
expertise with R&D resources
in MST. The infrastructure cre-
ated by NEXUS is intended to
stimulate, support and coordi-
nate interdisciplinary coopera-
tion between MST laboratories
and industry throughout Eu-
rope. It is recognized that no
single company or country can
cover the expenses and create
the infrastructure required to
develop MST technology.
NEXUS was formed in
1992 as a two year project fi-
nanced by EU (ESPRIT III). A
one year continuation has been
granted after which a review of
its achievements and a new ap-
plication to EU is planned.

Organization
NEXUS is organized into vari-
ous boards and committees su-
pervised by a coordinating
board. General Assembly
meetings are held once a year
(Note 1). Some important areas
around which the working
groups and task forces are
formed are:
— Communication — Network:
Designed to improve syner-

NEXUS

gism through better ex-

change between NEXUS

partners, for example by en-
couraging the use of E-mail.

Core Projects: Identify and

promote “core research

projects,” and to encourage
the formation of project con-
sortia.

— Industrial Links: Promote
and increase awareness and
participation among small
and medium-sized enterpris-
es (SMEs).

— Industry: Define industrial
needs and strategies in MST
and ensure that the actions
taken by the network are ap-
plication and production ori-
ented.

International Relations:

Provide an inventory of

overseas MST activities, en-

courage the formation of
corresponding networks in
the U.S.A. and Japan, gener-
ate official platforms for in-
ternational MST dialogues,
and create a scientific basis
for a worldwide dialogue on

MST aiming at recommen-

dations for future standardi-

zation.

Training and Education:

Promote MST-related edu-

cation and training in Eu-

rope, organize workshops,

subsidize COMETT cours-
es, stimulate short rota-
tions for technical training
(Note 2), survey MST litera-
ture, and initiate the com-
pilation of an MST text-
book.

To stimulate the cooperation
and the exchange of MST-re-
lated expertise, a catalogue
“Who is Who in NEXUS” has
been assembled. Various pub-
lic relation activities have been
also undertaken, including the
production of a twelve minute
video entitled “Microsystem
Technology”, anewsletter, and
presentations at various exhi-
bitions and conferences.

Partners

Membership in NEXUS is
open to all European compa-
nies and institutions able to
contribute expertise in areas
relevant to MST. The expand-
ing network consists of more
than 155 partners from 15
countries. Roughly one third
are in industry. Currently there
are three Danish, one Finnish,
two Norwegian and four Swed-
ish partners. Uppsala Universi-
ty was one of the original
twelve partners.

Other Networks

A network including partners
from the eastern part of Eu-
rope is under development
(NEXUSEAST). At present,
NEXUSEAST has 13 partners
from seven countries.

A similar network in the
area of packaging, Network in
Microelectronics System Inte-
gration Technologies (NET-
PACK), was recently formed.
There is an informal exchange
of information between the
networks. These networks are
all coordinated by Fraunhofer
Institutes in Berlin.

Jan Soderkvist
NEXUS coordinator
at Uppsala University

¢ Note 1. The next NEXUS General
Assembly is preliminarily sched-
uled to be held in Stockholm in
conjunction with Transducers '95¢
Eurosensors IX.

Note 2. Anita Lloyd Spetz from the
University of Linkoping will rotate
February and March in Prof.
Gopel's group at the University of
Tiiblingen, Germany. Anita will
make surface analysis of very fast
responding gas sensors, based on
catalytic metal — oxide — silicon
carbide.

he joint conference
T Nanofabrication

and  Biosystems:
Frontiers and Challenges was
held in Kona, Hawaii, in May
1994. The conference was or-
ganized by the Engineering
Foundation, U.S.A., with the
objective to explore approach-
es of nano- and microfabrica-
tion as they apply to biology
and engineering. A number of
engineers and physical scien-
tists met informally with biolo-
gists and biophysicists to dis-
cuss the materials and engi-
neering aspect of micro- and
nanofabrication, and how biol-
ogists have implemented such

MST in Biosystems

- Frontiers and Challenges

fabricated devices in their re-
search.

The materials and physics
research community has devel-
oped powerful and sophisticat-
ed methods of probing elec-
tronic, magnetic and mechani-
cal properties of materials on a
micro scale. These techniques
are beginning to be employed
for biological measurements.
For example, devices have
been fabricated to selectively
orient neurones, to elucidate
how both fungal and mammali-
an cells perceive topographical
signals, to record action poten-
tials non-invasively from indi-
vidual cells, and to determine

what surface features promote
cell and tissue compatibility to
biomedical implants.

From an engineering aspect
there is a lot to be learned from
the understanding of biological
materials, how they self-as-
semble, their construction, and
how solutions for, e.g., force
achievement have been ob-
tained by nature over geologi-
cal time scales. The properties
that have evolved are highly
attractive in today’s drive for
new engineering materials.

These were the two com-
plementary themes of the con-
ference. The conference was
divided into six sessions rang-

ing from pure microfabrication
techniques and devices, to di-
rectapplications of microfabri-
cation in molecular biology.
The sessions gradually includ-
ed biology and medicine, e.g.
how microfabricated instru-
ments have been developed for
biology and medicine purpos-
es, studies of cell and tissue
interaction with microfabricat-
ed surfaces, and biological
processes as tools (and ques-
tions) applicable to nanofabri-
cation.

Anna-Lisa Tiensuu
Uppsala University
Fax: +46-(0)18-18 35 72
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The Samba Interference

he Samba Interfer-
T ence Sensor consists
of a silicon interfer-
ometer placed on the end sur-
face of an optical fiber, as
shown to the right. The sensor
element used as a pressure sen-
sor is briefly discussed on the
front page. Lightis emitted into
the fiber from a light emitting
diode, transmitted into the cav-
ity of the sensor element, re-
flected back into the fiber, and
detected by a photodiode. This
design has advantages over
standard types of pressure sen-
sorsin thatitrelies solely on the
mechanical properties of sili-
con. Therefore, the sensor can
withstand harsh environments,
including high temperature and
strong electrical perturbation.
The Samba Sensor is well suit-
ed, for example, for the meas-
urement of pressure inside mo-
tor cylinders in order to achieve
highly efficient combustion
conditions. Measurements of
the cylinder pressure as a func-
tion of motor crank angle agree
well with those obtined using a
laboratory sensor.

As the sensor body is fabri-
cated by silicon technology, it
can be produced at very low
cost and with high reproduci-
bility. For automotive applica-
tions, the sensor has been de-
veloped in collaboration with
Volvo Teknisk Utveckling AB.

The sensitivity of the Sam-
ba Sensor is determined by the
relationship between the thick-
ness of the cavity and the width
of the pressure membrane sep-
arating the cavity from the out-
side world. Sensors for pres-
sures ranging from mbar to 500
bar have been made.

A simple electrical based
pressure sensor can be made by
furnishing the two silicon parts
with electrical contacts. Then
by measuring the current
through the structure when the
external pressure is sufficient
to force the parts in galvanic
contact, a pressure relay func-
tion is obtained.

Contact person: Nevio Vidovic”
Samba Sensors AB
Fax: +46-(0)31-776 04 60

Sensor

Cavity
Silicon

Oxide

Silicon

Optical
fiber

Membrane

The Samba Interference Sensor placed on the end surface of an

optical fiber.

A variation of the pressure sen-
sor is obtained if the cavity is
created at the interface be-
tween two bonded wafers with
different doping types, thus
forming a p-n junction as
shown in the figure below. Us-
ing a very thin membrane
(=lum) and applying a back
bias to the p-n junction will
bend the membrane due to the
appearance of Coulombic forc-
es inside the cavity. By placing
this structure on the end sur-
face of an optical fiber, as for
the pressure sensor described
above, gives the possibility to
measure voltages on high po-
tentials using the fiber as an
electrically isolating medium.

Another interesting feature
of the p-n structure shown be-
low is its property to work as a
photodiode and a voltage con-
trolled interferometer simulta-
neously. Choosing the wave-
length of the penetrating light,

L1, subject to interference,
such that there is a very low
absorption by the silicon, and
illuminating with a second
light source, L2, with a wave-
length such that the light is ab-
sorbed, a light controlled mod-
ulator is obtained. The light
from L2 will create charge car-
riers in the back-biased p-n
junction. Connecting the sen-
sor body in series with a resis-
tor to aconstant voltage source,
the light from L2 will change
the voltage across the cavity
and the degree of bending of
the membrane, and thus the in-
terference of L1 in the cavity.
The geometrical conditions for
optimal electrostatic condi-
tions of the cavity are presently
being studied by a Ph.D. stu-
dent at the department.

Contact person: Zhaohua Xiao
Fax: +46-(0)31-772 36 22

Metal contact

n-type
silicon

p-type
silicon

VA

The combined photodiode and voltage controlled

interferometer.

Samba
Sensors

1992 in order to fi-

nance a collaboration project
between the Department of
Solid State Electronics and AB
Volvo. The founders were
members of the department and
Volvo. Later, in 1992, interest
from new customers motivated
a stock emission, the establish-
ment of a professional board,
and the search for an experi-
enced company leader. Present
company owners are CIT Syn-
ergo AB, Chalmers Innovation
AB and the cofounders, each
party holding 1/3 of the total
stock. Currently, five individu-
als are involved in the develop-
ment and production of elec-
trooptical sensors based on
variations of the Samba Inter-
ference Sensor.

amba Sensors AB

Contact person: Ulf Carresjo
Phone: +46-(0)31-776 04 80
Fax: +46-(0)31-776 04 60

DISSERTATIONS

On January 20, Amir
Baranzahi, Link6ping
University, presented his
thesis, Chemical Sensors
Based on Catalytic Metal-
Oxide-Silicon  Carbide,
MOSiC, Structures, for
the degree of Technical
Licentiate. The sensors
can been operated as de-
tectors for hydrogen and
hydrocarbons at tempera-
tures up to 750°C.

On January 24, Gunner
H. Larsen presented his
thesis, Implementation of
Micromechanical Trans-
ducers for Acoustics and
Vibration, for the degree
of Industrial Ph.D., at
MIC, Lyngby, Denmark.
His work contains studies
of scaling and wet etching
of borosilicate glass, and
modeling and realization
of a micromachined
microphone.

MSB wishes to con-
gratulate both.
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Some topics covered will be:

MST at Link6ping University

MST and simulation in elec-
trophoresis

Flexible network creates new
companies

MSK 95

Mikro Struktur Kurs is a two-day course to be held in
Uppsala in March. The course is intended to give an insight
into the possibilities and limitations of micromachining.
Some topics covered are MST materials, fabrication tech-
niques, sensors and actuator principles, industrial aspects,
and the status of R&D. The official language is Swedish.

For more information, please contact Jan Soderkvist
(Fax: +46-(0)8-510 116 15) or Karin Ljungberg, Uppsala
University (Fax: +46-(0)18-18 30 20).

Etching Technology

This two-day course in Uppsala provides an understanding
in the various etch techniques, such as wet or dry etching,
isotropic or anisotropic etching. Participants will learn about
the necessary equipment and the criteria for choosing one
method rather than another. The official language is English.

For more information, please contact Annette Locher,
FSRM (Switzerland, Fax: +41-38 24 71 45) or Jan Soder-
kvist (Fax: +46-(0)8 510 116 15).

Interested in MSB (2<or &< )?

Micro Structure Bulletin is
distributed free of charge
within Scandinavia and to a
limited number of interna-
tional experts in the field of
MST/micromachining.
Feel free to contact the Ed-
itor-in-Chief if you wish to
receive MSB on a regular
basis, or your address label
incorrect. In response, you
will get a Cd-sign in front of

your name on the address
label. We also encourage
you to put MSB on circula-
tion.

If your address labels
start with a $<-sign, then
you will eventually be re-
moved from the mailing
list. For each issue of MSB,
we randomly remove 20%
of those whose address la-
bel starts with a ><-sign.

Transducers '95 ° Euro-
sensors IX, Stockholm,
Sweden, June 25-29,
1995. For information
contact: Congrex AB, Fax:
+46-(0)8-612 62 92.

MME ‘95 (MicroMechan-
ics Europe), Copenhagen,
Denmark, Sept. 3-5, 1995.
Abstract deadline: June 1.
For information contact:
Prof. Otto Leistiko, Fax:
+45-45 88 7762.

MicroSim ‘95, Southamp-
ton, UK, Sept. 26-28,
1995. For information
contact: Sue Owen, Fax:
+44-(0)1703 292853.

MSK ’95 (Mikro Struktur
Kurs — in Swedish), Upp-
sala, Sweden, March
28-29, 1995. For infor-
mation contact: Jan Soder-
kvist, Fax: +46-(0)8 510
116 15.

Etching Technology
(course), Uppsala, Swe-
den, April 25-26. For in-
formation contact: FSRM
(Switzerland), Fax: +41-
38 24 71 45, or Jan S6der-
kvist, Fax: +46-(0)8 510
116 15.

Sensor 95, Niirnberg, Ger-
many, May 9-11, 1995.

49" JEEE Int. Frequency
Control Symposium, San
Francisco, USA, May 30—
June 2, 1995.

MEMS ‘96 (Micro Electro
Mechanical Systems) in
San Diego, U.S.A., Feb.
11-15, 1996. For infor-
mation contact: Preferred
Meeting Management
Inc.,, Fax: +1-(619)298
3459.
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