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1% Nordic Summit

Thetrendistofocusonregions
instead of on individual coun-
tries, and small countries must
cooperatetostrengthentheirin-
ternational competitiveness.

The 4th World Microma-
chine Summit was held in Aus-
traliain April (seepage7). Del-
egates from various coun-
tries/regions discussed critical
issuesanddriving forcesfor mi-
cromachine development in a
loca and global perspective.
The Nordic delegates conclud-
ed that intra-Nordic collabora-
tion would benefit from a
Nordic meeting series similar
to the World Summits.

Asaresult, thefirst strategic
Nordic Summit on Microsys-
tems was held in Copenhagen
from October 5-6. Thirty key
decisionmakersfromacademia
and industry met to discusshow
best to strengthen Nordic MST-
related activities in both indus-
try and academia.

Thefirst meeting focused on
education and university-in-
dustry collaboration. Four pre-
sentations related to these is-
sues were given each day fol-
lowed by intense discussion. In
addition, J.C. Eloy was invited
to present the NEXUS market
analysis presented on page 2.

Topics addressed in the dis-
cussionsincluded overviews of
major national initiatives in
MST, Nordic research collabo-
ration, student recruitment and
mobility, sharing courses, pro-
totyping and foundry services,
and MST computer modeling
resources.

The meeting resulted in the
formation of several initiatives.
A homepage covering all
Nordic MST-related courses
will be developed. An action

http://www.mst.material.uu.se

The economical impact of the MST market is estimated to be
largest for I T applications (see page 2). Ink jet printer heads and
read/write heads for data storage dominate this application area
(courtesy of Modular Ink Technology (MIT), Sweden).

group will be established to co-
ordinate educational courses
and workshops, as well as to
stimulate student mobility be-
tween the Nordic countries.
Another action group will ook
into the possibility of coordi-
nating MST-related computer
modeling activities in the
Nordic region. The success of
the meeting will be judged on
whether these initiatives gather
significant momentum in the
coming months.

Perhaps the most important
take-home message from the
meeting was that, even in the
age of the internet, geography
matters. As one industry dele-

gatefrankly put it, bilateral col-
laborations between neighbor-
ing countriesare often far more
effective than multilateral col-
laborations spanning a conti-
nent, let alonetheglobe. So, the
Nordic region is not an irrele-
vant concept, even in a high-
tech field like MST. The Sum-
mit also seemedtofill agenuine
need for decision makers in
MST to learn more about what
isgoing on in the other Nordic
countries. The Summit, there-
fore, seemscertainto becomea
regular event.

Jan Soderkvist, Colibri
Francois Grey, MIC
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EDITOR’S

NOTE

| sincerely apologizeforthis
issuereachingyoulater than
scheduled. Sometimes it
takeslonger than planned to
edit MSB and to adjust the
length of its articles. | am
working on finding a solu-
tionthat will reducethe risk
of future delays while fur-

ther strengthening MSB and
itsNordic profile.
This could mean

changes. Your suggestions
and comments are im-
portant, e.g. regarding
improvements, criticism,
MSB's focus, type and
length of articles, number
of pages and issues per
year, choice of language,
subscription fees, etc.
Comments can be sub-
mitted also via MSB's
new homepage: www.mst.
material.uu.se  (heading
‘MSB-Contact the Editor-
in-Chief"). Please, include
your country and whether
you come from industry or
academia with your com-
ments. Thank youall inad-
vance.

Finally, | wish to share
the saying: “A good scien-
tist is a person with origi-
nal ideas. A good engineer
is a person who makes a
design that works with as
few original ideas as pos-
sible” (Freeman Dyson,
1923 —). To me, this say-
ing contains much truth
and highlights a natural
difference between indus-
try and academia. Indus-
try’s customers reguire re-
liable components, while
researchers often are satis-
fied with one working de-
vice per wafer provided
that it includes noveltiesor
demonstrates strange but
explainable results.

Merry Christmas
Jan Soderkvist

Market Analysis for MST

n interesting evalua-
A tion of theworld MST
market and the posi-
tion of Europe to meet it has
been compiled by Microparts,
LETI and Yole Dével oppement
inthe NEXUSMarket Analysis
MST task force (see page 4 for
ordering information). Theaim
is a redlistic evaluation of the
1996 world MST market, and a
prognosis for the market of
2002. The study comprises ex-
isting, aswell asemerging mar-
kets, and isbased on 200 world-
wide, in-depth interviews from
Europe, USA and Asia.

To avoid misunderstandings,
the investigators have applied
rather strict definitions for the
concepts of “microsystem” and
“microsystem market volume”.
For a microsystem, multi-func-
tionality provided by two or
more microcomponents, or
technical functionality provided
by the shape of the microstruc-
tureis required. For the market
volume, a minimum definition
isapplied: for an airbag system
only the packaged accelerome-
ter is counted, and for an aero-
space ar data module only the
sensor with electronicsiscount-
ed. Hence, the “leverage effect”
of the microsystem on the over-
all system/product is neglected.
This leverage effect is estimat-
ed to be afactor of 10to 50, de-
pending on the application.

The list of existing markets
includessensorsfor pressure, in-
ertia, matrix imaging, magnetic
effectsand chemical analyses, as
well as drug delivery systems,
ink jet printer heads and hard
discdriver (HDD) heads. Quartz
resonators, including watch
crystals, are not included. The
list of emerging MST markets
comprises some twenty items,
including microfluidic compo-
nents, micromotors, various an-
alytical instruments, micro-op-
tics, and biochips. The world
MST market isforecasted to in-
crease by a factor of 3 from
13B$in1996t038.5B$in2002.
Themain part of thisincreaseis
expected to be due to ink jet
heads and read/write heads for
HDD. Only asmall part is pre-
dicted to be due to emerging
markets, which are expected to
increase from 0.1 B$ in 1996 to

World MST market (right)
1996: 13 B$, 2002: 38.5 B$

Emerging markets (left)
1996: 0.1 B$, 2002: 4.2 B$

B Drug delivery systems
M Optical switches

L2 Lab on chip

LI Magneto optical heads
M Projection valves

| Coils on chip

M Micro relays

& Micromotors
 Inclinometers

M Injection nozzles

3 Anti collision systems
B Electronic noses

4.2B$in2002,i.e. only 11 % of
the total increase. However, the
emerging markets will expand
more rapidly than the existing
markets(morethanafactor of 10
as compared to afactor of 3).

The evaluators pointed out
that the M ST markets might ap-
pear small (13 B$ in 1996) in
comparison to the world semi-
conductor market, which was
140 B$ in 1996. However, tak-
ing into account aleverage fac-
tor of roughly 30, the overal
M ST-induced markets are esti-
mated to expand from 400 B$in
1996 to 1000 B$ in 2002.

USA and Japan aredominant
in the existing markets, due to
their extensive consumption of
ink jet printer heads and mag-
netic read/write heads. Exclud-
ing these devices, the position
of Europeisquitesimilar tothat
of the USA and Japan, i.e
around 1 B$ in 1996. Today,
more than 150 European com-
panies manufacture microsys-
tems, employing over 6000 per-
sons with a turnover of 1.5 B$.
In the opinion of the evaluators,
microsystems are well on the
way towards becoming an es-
tablished industrial field in Eu-
rope. Several manufacturersare
aready activeinthefield, which
is increasingly supported by
new start-up companies and
new CAD and simulation tools.

The present author’sopinion
is that most previously pub-
lished forecasts concerning the

B Heads HDD

Hinkjet heads
“lEmerging MST products
ZPacemakers

#|n vitro diagnostics

M Hearing aids
HMPressure sensors
fiChemical sensors
Minfrared imagers

B Accelerometers
C1Gyroscopes

B Magnetoresistive sensors
B Microspectrometers

development of MST markets
have been strongly over opti-
mistic, and sometimesthey have
induced a sense of mistrust of
thefieldwhentheforecastshave
not been realized. The NEXUS
study presented here, however,
seems to represent a serious at-
tempt to bemorerealisticand to
avoid overselling the field.

Jan-Ake Schweitz

Uppsala University

Fax: +46-(0)18-471 3572
jan-ake.schweitz@angstrom.uu.se

MPW, 1sT RuUN

NORMICIIIRP

NORMIC offers a Multi
Purpose Wafer service in-
cluding support for device
design and testing. Silicon
processing will be made at
SensoNor asa. Deadline for
reservation of chip area is
March 1, 1999.

For more information,
please contact

M PW:-coordinator
Edvard Kalvesten

IMC AB
edvard.kalvesten@imc.kth.se
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Challenges in MEMS Packaging

icro electromechani-
M ca systems (MEMS)

have experienced an
increasing interest over the last
decade, and the future for this
product group seems bright. So
far, packaging, or protection of
the system, has not been a key
issue since most customers
would accept a high price for a
product that solved their spe-
cific needs. Since the special
product market islimited, some
companies have introduced
MEMS technology to volume
markets such as the automotive
market.

Low Cost/High Volumes
Volume markets require cheap,
easy to use standard compo-
nents with good reliability. In
an inexpensive product you
have to use a standardized pro-
duction system, cheap and eas-
ily available materials, and as
little manpower as possible.
Possible solutions can befound
in the 1C-industry. The follow-
ing conclusions are quite ob-
vious:

Injection molding (or simi-
lar process) of a polymer, pre-
ferably an epoxy, is well
known, efficient and easy to
automate.

Lead frame based technolo-
gy is aso well known, and is
compatible with the molding
technology.

The sensor element and any
signal-processing chip have to
beattachedtothelead frameau-
tomatically, and preferably by
using an inexpensive material.

Tough Environments

Micro system components will

be placedin anincreasing num-

ber of applications where the

surrounding environment is

tough. Typical environments

might be:

 Relatively high temperatures
(120-200°C) in ahumid
atmosphere

 High temperatures (>200°C)

 Abrasive or erosive environ-
ments

« Corrosive liquids or gases

* Low temperatures

A typical exampleregardspres-
sure sensors. All pressure sen-
sors have to be open to the sur-

mounted on a lead frame.

rounding environment unless a
shielding membrane is used.
Such membranes often results
in a more complex design and
ahigher cost. If the sensor ele-
ment is open to the environ-
ment it will interact with any
particles, liquids or gas present
in the surroundings and in the
sensor, including the die attach
material. Nearly all adhesives
are sensitive to humidity at
temperatures close to and
above Ty (the glass transition
temperature).

Sensitive Sensor Elements
Nearly al sensor elements are
more or less sensitive to me-
chanical stress introduced by
the molding or encapsulation
material, materials used in the
joining of components, and
even stress introduced by tem-
perature cycling.

The most common sensitiv-
ity problems are probably re-
lated to die attach and molding
as long as the molding materi-
al isin direct contact with the
sensor element, as in injection
molding processes. The main
reasons for such sensitivity
problems are shrinkage and
structural transitions occurring
during hardening and cooling
of the molded parts. The most
commonsolutionisto cover the
sensitive element with a soft
material (glob-top) that is able
to absorb most of the stress.

Thebonding of diestoalead

Typical pressure sensor systemwith a sensor die and ASIC

i

frame or substrate will normal-
ly also affect the sensor ele-
ment. A low stress adhesive is
often recommended. A typical
low stress adhesive contains
one or more additives that re-
ducetheresistance towards hu-
midity.

Compact Solutions

There is a significant drive to-
wards the integration of an in-
creasing number of functions
into asingle package, such asa
FM transmitter, amicro switch,
anenergy source, and soon. Ei-
ther more functions must bein-
tegrated into one die or the dif-
ferent dies must be stacked and
connected without the use of
wire bonding. Preferably, one
should be able to use the same
types of simple polymer pack-
ages asintroduced in our SP13
tire pressure sensor.

Time to Market/
Product Life Time
The time available for product
development is steadily de-
creasing as the lifetime of a
product isoftenlimitedto afew
years. A shortened develop-
ment time requires good tools
for sensor design aswell asfor
packaging. Results and infor-
mation must be made available
throughout the whole chain of
development.

In the area of sensor design,
reasonably good modeling and
simulation tools are available.

Most modeling and simulation
tools for assembly and packag-
ing are focused on IC compo-
nents, which are fairly simple
compared to most micro sys
tems. A typical exampleisin-
jection molding simulation, in
which wire sweep and paddle
shift are treated in detail while
mechanical stress on the sensor
die is omitted. A sensor die is
far more sensitive to mechani-
cal and thermal stressthanisa
memory die. Another important
issue is the resistance to me-
chanical shock, both in produc-
tion and later in handling.

Legislation

All materials that are regarded
as carcinogenic will sooner or
later be banned in &l kinds of
products, evenintheprocessing
of products. Restrictionsor reg-
ulationswill also be put on ma-
terials that are poisonous or
may trigger allergic or asthmat-
ic reactions. Typical examples
are lead, flame retardants, and
some types of epoxy based ma-
terials. Naturally, this will also
influence the electronics and
MEMS industries.

Conclusion

A range of exiting and chal-
lenging problems will face the
micro system industry in the
years to come. Assembly and
packaging will beimportant ar-
eastofocusonif successful mi-
cro-systems are going to be
producedinhighvolumesinthe
future.

Jon H. Ulvensgen, SensoNor
Fax: +47-33 03 51 05
jon-herman.ulvensoen@sensonor.no

CT-image of a molded compo-
nent. The sensor die, ASIC,
wires, adhesive and

glob-top are easily visible.
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Thin Silicon Radiation Detectors

s well as developing
A MEMS  technology
and components, SIN-
TEF Electronics and Cybernet-
ics has a substantial activity in
developing and producing sili-
con radiation detectors. The
challenge of producing very
thin detectors has been to com-
bine etching technology from
the field of micromechanics
with a radiation detection
process. SINTEF has succeed-
ed in making p-i-n diodes in
etched membranes of 10 pm
thickness surrounded by sup-
porting frames.

These detectors are now be-
ing installed in the “CHICS”
detector system for the Celsius
target chamber at the Svedberg
Laboratory in Uppsala. Thin
silicon detectors are used as
AE-detectors in AE-E tele-
scopes (AE=energy l0ss). Such
telescopes provide isotope
identification and energy deter-
mination (i.e. for fragments
from nuclear collisions).

The thickness of the AE-de-
tector should be minimized to
thelowest sizepractical withre-
spect tothicknessvariations. To
achieve acceptable energy res-
olution with a 10 pm detector,

the thickness variations should
be within 0.5 pm.

Etching of Thin Detectors
Theetching processhasto meet
three requirements to be useful
for detector fabrication:

* It must be possible to etch
membranes with a con-
trolled thickness.

e Theincrease of thickness
non-uniformity during the
etching process has to be
minimized.

* The etching should not in-
crease short-range surface
microroughness.

These requirements have been
met by an etching processusing
a tetramethylammonium hy-
droxide (TMAH) solution. The
quality of theetched surfacecan
be very good at high TMAH
concentrations (above 25 wt%).
Measurements of etch depth
with a profilometer show that
theetchdepthvariationisaslow
as + 0.1 pm per detector. The
values of the surface micror-
oughness, R,, werein therange
of 2-4 nm, whichiscomparable
to that of polished surfaces.
Consequently, the most im-
portant parameter determining

PUBLICATIONS

Some MST-related results
presented during the last few
months:

» Advanced packaging tech-
nologies for differential
pressuresensorsexposedto
aggressivemedia; C. Chris-
tensen (MIC); Doctoral
thesis, MIC/DTU, Lyngby,
Denmark.

An Analytical Analysis of
a Compressed Bistable
Buckled Beam; M. Vangbo
(UU); Sensors and Actua-
tors A, 69 (1998) 212-216.
Integrated Bio/Chemical
Microsystems Employing
Optical Detection: The
Clip-On; O. Leistiko and
PF Jensen (MIC); J. Mi-
cromech. Microeng., 8(2)
(1998) 148-150.

New CO, Filters Fabricat-
ed by Anodic Bonding at

Overpressure in CO, At-
mosphere; T. Corman, E.
Kévesten (KTH), M.
Huiku, K. Weckstrom, P.
Merildinen (Datex En-
gstrom, Finland) and G.
Stemme (KTH); Sensors
and ActuatorsA, 69 (1998)
166-171.

New Small Radius Joints
Based on Thermal Shrink-
age of Polyimide in V-
grooves for Robust Self-
assembly 3-D Microstruc-
tures; T. Ebefors, E. Kéve-
stenand G. Stemme(KTH);
J. Micromech. Microeng.,
8(3) (1998) 188 194
Valve-less Diffuser Mi-
cropumps;, A. Olsson
(KTH); Doctoral thesis,
TRITA-ILA-9803, [SSN
0281-2878 (1998).

Back and front sides of the 10 umthick “ CHICS” detector.

the uniformity was the thick-
ness uniformity of the starting
wafer. At acontrolled tempera-
ture and with a sufficient vol-
ume of etching solution, the
etchrateisstableenoughtoetch
with time control to obtain the
target membrane thickness.

Design and Processing
The active area of the AE-de-
tectorsisa10.0 mmx 10.0 mm
p-n junction on a membrane of
n-type doped float zonesilicon.
The distance from the mem-
brane border to the edge of the
deviceissetat 1.1 mmin order
to have arobust frame.
Thefirst process step wasto
etch membranes in double-
sided polished waferswith a25
wit% solution of TMAH in wa-
ter. The membranes were de-
fined with an oxide mask onthe
back side of the wafers. The
wafers were 280 um thick and
were (100) oriented. The pro-
cessing is completed with a
standard detector process using
boron and phosphorusimplants

followed by aluminum metal-
lization.

Evaluation

A prototype AE-E detector tele-
scopeusing 12 umthink AE-de-
tectors and 280 um thick E-de-
tectors has been tested in the
Celsius target chamber. In one
test, a beam of protons im-
pinged on aKr gas target. Col-
lision fragments with atomic
numbers up to Z=7 were ob-
served. The resolution was suf-
ficient to separate 6Li from 7L,
and "Befrom ©.10Be. Fragments
with atomic numbers up to
Z=16 have been observed in
other experiments.

SINTEF detectors:
www.odl 0.sintef.no/ecy/ 7230/
silicon.html

CHICS detector system:
www3.tsl.uu.se/~chic/chicsi.html

Trond Inge Westgaard
SINTEF, Norway

Fax: +47-22 06 73 50
Trond.Westgaard@ecy.sintef.no

Actve ama

I Silicon
Baran implant

I Sificaon oxide
N Metal

I Phozplioras rmplant

Schematic cross section of a detector.
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hase 4 of the EU-col-
|aboration “Network
of Excellence in Mul-

tifunctional  Microsystems’
(NEXUS) waslaunchedinJune
and will run for 2 years. The
network is funded by DG Il
andwill continueto consolidate
the pan-European microsystem
network created over the past
years by NEXUS.

The NEXUS network facil-
itates co-operation throughout
Europe among users and pro-
ducersof microsystems, manu-
facturersof MST materialsand
production equipment, and
R&D groups associated with
this technology.

Its predecessor, NEXUSIII,
established an industria lead
for microsystems technologies

(MST) in Europe and accom-

plished the following:

* Increased membership to
nearly 300 corporate mem-
bers, including 120 indus-
tries, 95 research institutes
and 85 universities.

¢ Enhanced integration and
collaboration between
NEXUS and microsystem
activitiesin Central and
Eastern Europe through
NEXUSPAN.

e User-Supplier Clubs have
proven to be an efficient
means for the transfer of mi-
crosystems technol ogies be-
tween manufacturers and
users. Four USCs are now
operational.

 Organization of specific
workshops, such asthe CAD

NEXUS IV Launched

tools workshop held in Hei-
delberg in January 1998.
 Dissemination of market in-
formation. A report isavail-
able from the NEXUS office
at aprice of 400 ECU for
non Nexus members and 200
ECU for Nexus members.

* A benchmarking mission to
the USA was arranged in
November 1997 and as-
sessed awide range of ap-
plication fields. The mission
report is available to
NEXUS members.

NEXUS IV will consolidate

these activities and expand its

network of co-operation by en-
hancing information dissemi-
nation, and by creating stronger
links between industry and re-
search and between the User-

Supplier-Clubs. NEXUS will
organize a number of strategic
technology workshops, an in-
teractive and more comprehen-
sive electronic network (http://
www.nexus-emsto.com), and
strategic mission/visits to the
Far East and other competitor
nations. It will aso provide bet-
ter access to information.
NEXUSIV will help guide Eu-
rope towards achieving and
maintaining a world class lead
in this future technology.

For further information
please contact Hans-Christian
Petzold at the NEXUS office:
petzold@isit.fhg.de.

Per Glgersen, SensoNor
Fax: +47-3303 51 05
per.gloer sen@sensonor.no

etal structures are of

I\/I increasing interest in
MST. Several methods

and process equipment can be
used to create metal structures,

some of which are:

Surface Layers
The deposition of thin layers
(< afew 100 nm) of metal on
structures (targets) has been
mastered by the microel ectron-
icsindustry:
Evaporationisdoneinavac-
uum system in which a solid
metal (source) is heated resis-
tively or via an electron beam.
The chamber pressure is often
so low that evaporated metal
atoms do not collide on their

Micro spring formed with
LCVD (courtesy of Kajsa
Larsson, UU).

Micromachining Equipment Part 2:

Metal Forming

way from the source to the tar-
get. Thelinear path enables pat-
terning of thedeposited filmvia
shadow masks.

Souttering is based on the
source being bombarded by
heavy ions originating from a
gas plasma (often argon).
Knocked out metal ions are ac-
celerated electrically towards
thetarget. On theway they pass
through the plasma, with nu-
merous collisions as a resullt.
Therefore, they will not reach
the target with a well-defined
angle, and patterning has to be
done with conventional tech-
niques, e.g. photolithography.

Chemical vapor deposition
(CVD) is athird possibility. In
CVD, a solid material is de-
posited fromitsvapor througha
chemical reaction occurring on,
or in the vicinity of, asubstrate
surface that normally is heated.

Bulk Metal
Thicker metal layers can be
formedvia'conventional’ tech-
niques:

Electrochemical deposition
(electroplating, see page 6) is
doneinaliquid electrolyte. Ap-

plying a voltage will create a
current of metal ions moving
from the source to the target,
and meta is deposited on the
target where there isa conduct-
ing seedlayer. Patterning canbe
done by covering part of the
seed layer with an insulating
material, such as photoresist. It
canalso bedoneby using aseed
layer having a 3D-topography
(replication).

Casting, injection molding
and hot embossing are tech-
niqueswell-knowninthemacro-
world. Thedevel opment of cor-
responding process steps for
micro-dimensions is progress-
ing rapidly.

3D Metal Structures
Truly three-dimensional struc-
tures can also be formed:
Sacrificial etching can be
used to create free-standing
metal structures by etching
away the material on which the
metal is deposited (see MSB
97:4).
Laser-assisted CVD (LCVD)
is based on the temperature de-
pendence of deposition rates. A
laser is used to locally heat a

Copper leadsinside a semi-
conductor made visible by
etching away the silicon
(courtesy of IBM).

material, and thereby initiate a
local deposition. This allows
for direct writing without the
need for masks. By moving the
substraterelativetothelaser fo-
Cus, or vice versa, it ispossible
to form truly three-dimension-
al structures.

Jan Siderkvist
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DISSERTATIONS

MSB wishes to congrat-
ulate the following indi-
viduals on successfully
having defended their
PhD theses.

Carsten Christensen, MIC
The main subject of his
thesis, Advanced Packag-
ing Technologies for Dif-
ferential Pressure Sensors
Exposed to Aggressive
Media, is protective coat-
ingsandtheir characteriza-
tion, and the development
of accelerated tests. In par-
ticular, amorphous tanta-
lum oxide was investigat-
ed.

It was shown that amor-
phous tantalum oxide is a
very promising aternative,
e.g. regarding corrosive
rates in akali solutions,
pinhole density, step cov-
erage, residual stress and
dielectric properties.

The work was carried
out together with the com-
panies Grundfos and Dan-
foss within the industrial
collaboration project “Ma-
terialsfor advanced micro-
mechanical packaging”.

Anders Olsson, KTH
His thesis, Valve-less Dif-
fuser Micropumps, pre-
sentstheresults of hisPhD
work that was outlined in
MSB94:2. A diffuser pump
is based on the flow-rate's
channel shape-dependence,
anddoesnotincludevalves
or rotating vanes. Con-
necting at least two dif-
fuser channels of different
shapes to a pump chamber
makesit possibleto control
the direction of the flow.
Pumps of different
sizes for both liquids and
gases have been fabricated
in different materials using
both conventional fabrica
tion methodsand microma:
chining technology. Mea-
surement results and nu-
merical simulations based
on classical fluid mechan-
ics have been used to un-
derstand the working prin-
ciple, toimprovethedesign,
and to create a lumped-
mass model.

Metal Microstructures

lectrochemical deposi-
E tion of metals (electro-
plating) has been
widely used for corrosion pro-
tection and decorativefinishing
for more than 100 years. It was
not until the development of
LIGA (Lithographie, Gal-
vanoformung, Abformung) that
electroplating was used for the
fabrication of microstructures.
As LIGA requires access to
synchrotron X-rays for the ex-
posure of the mold, it is avery
expensive technology which is
mostly used for the fabrication
of replication masters. With the
coming of new types of pho-
toresists and polyimides that
canbeapplied asvery thick lay-
ers and exposed by UV-radia
tion, the technology has be-
come much more accessible
and versatile. This type of
LIGA, which is often referred
toasUV-LIGA, isatechnology
where the advantage of making

Basic process steps of UV-
LIGA.

very thick structures, asin bulk
silicon micromachining, can be
combinedwiththeCMOScom-
patibility of surface microma-
chining.

In a smart sensor, the char-
acteristics of the sensor isim-
proved by integrating part of a
signal-processing circuit. The
integration of the mechanical
and electrical components is
performed using either mono-
lithic or hybrid integration.

Inmost cases, monolithicin-
tegration is based on a CMOS
processwherethe sensor isfab-

on CMOS

SEM micrograph of released two layer metallic microstructures
fabricated in high permeability NiFe.

ricated using the conventional
CMOS layers combined with
post processing etching. Asthe
CMOSlayershavenot been de-
veloped for micromechanical
components, the sensor signal
usualy has to be corrected by
advanced signal processing.

In hybrid integration, the
sensor and electronics are fab-
ricated on separate substrates
for optimum process freedom
and performance. The integra-
tionisperformed by bondingin
the last step before packaging.

As only low temperature
CMOS-compatible processes
are required in UV-LIGA,
monolithic integration by met-
al microstructure add-on is a
powerful alternative to conven-
tional types of integration.
Here, theel ectronicscan befab-
ricated in a state of the art
CMOS foundry, and the sensor
by UV-LIGA using the elec-
tronics wafer as a substrate.

Compared to silicon surface
micromachining, theUV-LIGA
technology offers an increased
design freedom for the trans-
ducer structures. Film thick-
nesses up to several hundred
micrometers can be achieved,
and a wide selection of plate-
able metals and alloyswith dif-

ferent physical and mechanical
properties are available.

Successful fabrication of
metallic microstructures re-
quires precise control of the
processing steps involved. The
photoresist and the plating so-
lution have to be compatible.
Thestressinthephotoresist and
inthe plated metal layershasto
be rather low. Uniform materi-
al distribution can be achieved
by proper mask design and
pulse plating.

When UV-LIGA is com-
binedwithsacrificial layer etch,
released metal microstructures
can be redlized. Metas like
copper or organic materialslike
photoresists can be used as a
sacrificial material. All of the
processing stepsneededtoform
the released metal microstruc-
turesarelow temperature steps,
hencethey arerelatively easy to
implement as post processing
steps of a commercial CMOS
process.

The add-on integration will
most likely play an important
role in future smart transducer
applications.

Jan Tue Ravnkilde, MIC (DK)
Fax: +45-4588 7762
JTR@mic.dtu.dk

Schematic of metal microstructure on CMOS.
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4™ World Micromachine Summit

he4th\Wor|d Microma-
T chine Summitwasheld
a the Royad Mel-
bourne Institute of Technology
in Australia from April 29—
May 1 of thisyear. Some75del -
egates from 13 countries/re-
gions met to discuss critical is-
sues and driving forces for mi-
cromachine development in a
local and global perspective.
Tokyo, Montreux and Van-
couver (MSB 97:3) hosted pre-
viousSummits. TheMelbourne
Summit was the first with par-
ticipation of afull Nordic dele-
gation, represented by Jan-Ake
Schweitz, Sweden (chief dele-
gate), TerjeKvistergy, Norway,
Francois Grey, Denmark, and
Ari Lehto, Finland.

Regional Reviews

The Summit was comprised of
onesessionwherethechief del-
egates presented reviews of the
latest development in their re-
spective regions, and six ses-
sions on selected topics.

The regiona reviews of-
fered no real surprises, but
rather provided evidence of
steady ongoing progress. Most
regional representatives ex-
pressed, with varying degrees
of optimism and enthusiasm,
the opinion that the MST field
isgradually transforming from
an academic technology-push
area into a significant, market
driven, industria area.

The spectrum of MST appli-
cations is broadening, and
many countries presented new
or planned national MST cen-
tersor other national initiatives.
The number of companies pro-
ducing or using MST products
is steadily increasing, and sev-
eral examples of interesting
start-up activities were given.

Special Sessions
One session was devoted to ap-
plications across mgjor indus-
tries. In this session, Prof. G.
Beardmore from Smiths I ndus-
tries Aerospace suggested sev-
eral possible reasonswhy aero-
space MST applications are
likely tobeslow toevolveinthe
short term. For example, the
aerospace industry is conserva-
tive by nature. Prof. R. Mller
from Berkeley reviewed some
recent progress in surface mi-
cromachiningfor microphoton-
ics. Several beautiful “folded”
silicon structureswereillustrat-
ed, but Prof. Muller also noted
that successful implementation
in the micro-opticsindustry re-
quires that the MEMS designs
proceed beyond the“ silicon op-
tical bench” techniques.
Another session focused on
market predictions (see e.g.
page 2) and a third on global
problem solutions. Dr. T. Shi-
moyama, chairman of Olympus
Optical Co., discussed MST in
future medicine, welfare and

EUROSENSORS XI|I

The 12th Eurosensors confer-
ence was held in Southamp-
ton from 13-16 September.
The sensor research area is
maturing, and the movement
from basic physical princi-
ples to more application-ori-
ented fields is apparent. A
strong inclination towards
chemical sensors and biosen-
Sors was noted.

More than 300 ora and
poster contributions were
presented, mostly from acad-
emic ingtitutes. Continuous
support for contributorsfrom
Eastern Europe is beginning
to bear fruit, both in terms

of quantity and quality.
Among Nordic contribu-
tors, a plenary speech by S
Leppévuori on piezoelectric
actuators should be noted.
Anke Weinert, Chalmers, re-
ceived abronzemedal for her
oral presentation of alow im-
pedance sensing technique
for vibrating structures. Mi-
croactuators were presented
by T Ebeforset al, S3, KTH,
Stockholm (see MSB 98:3,
p6), and by J. Jonsmann et al,
MIC, Lyngby. Multisensor
systems from Linkdping and
V asteraswereal so presented.

Bertil Hok

biotechnology. The develop-
ment of endoscope was high-
lighted as one important exam-
ple of the future direction of
MST. Anincreasing proportion
of elderly individualsin thein-
dustrialized countries was sug-
gested as amajor driving force
for MST development in the
healthcare sector.

I'nthe session focused on ed-
ucational issues, the present au-
thor was given the opportunity
to present the emerging Gradu-
ate School in Advanced Micro-
engineering at UppsalaUniver-
sity. Undergraduate engineer-
ing programsin MST are being
started at universities in Frei-
burg, Germany, and Neuchétel,
Switzerland. Some concern
was expressed about the educa-
tional capacity, and its capabil-
ity to meet the demands of the
expanding MST markets.

A fina session devoted to
improvementsin daily lifestyle
included two much appreciated
presentations of ideas from

ADVERTISEMENT

Japanese and Australian school
children for future microma-
chines. Many clever devices
were suggested, e.g. a small
fishbone removing machine, a
small camerainsideaball to al-
low us to view sports events
fromthe ball’s perspective, and
adevicewhich can maintain an
area of clean air around one’'s
eyes and nose to prevent pollen
alergy and hay fever.

Future

It wasdecided that the 5thWorld
Micromachine Summit  will
take placein the spring of 1999
in Glasgow, Scotland.

In Melbourne, the Nordic
delegates concluded that thein-
tra-Nordic collaboration would
benefit from aloca meeting se-
ries similar to the World Sum-
mits (see front page).

Jan-Ake Schweitz

Uppsala University

Fax: +46-(0)18-471 3572
jan-ake.schweitz@angstrom.uu.se

Unlimited Possibilities

with VTI Hamlin’s Inclinometer

FM 39564
150 9001
QS-9000

VTI Hamlin Oy is an established global supplier of silicon capacitive
acceleration, inclination and pressure sensors for automotive and

industrial applications.

VTI Hamlin’s SCA 600 inclinometer features a +/- 20° measuring
range. A few application areas for the inclinometer include physical
therapy equipment, excavation equipment, weighing systems, cranes,
bridges, machines and vehicles where the exact inclination of a body
must be determined. The capacitive inclinometer offers resolution of
0.01° in a solid, compact 8 pin DIP component.

VTI Hamlin Oy

P.O. Box 27

FIN-01621 Vantaa, Finland
Phone +358-9-879 181

Fax +358-9-8791 8791
http://www.vti.fi
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FUTURE EVENTS

MEMS’99 (Micro Electro
Mechanical Systems),
Orlando, U.S.A., Jan. 17-21,
1999. For info.: Preferred
Meeting Management, Inc.
Fax: +1-(619) 298-3459

www.eecs.umich.edu/mems

MSM 99 (Modeling and
Simulation of Micro-
systems), San Juan, Puerto
Rico, U.SA.,

April 19-21, 1999.
dmtwww.epfl.ch/MSM99

Sensor '99, Nirnberg,
Germany, May 18-20, 1999.
For info.: ACS Organisa-
tions GmbH

Fax: +49 5033-1056
www.sensor99.de/

Transducers’99, Sendai,
Japan, June 7-10, 1999.
For info.: Transducers’ 99,
Attn.: J. Echizen

Fax: +81-3-3299-1361
WWW.com.cas.uec.ac.jp/
trans99.html

Eurosensors X, The
Hague, The Netherlands,
Sept. 12-15, 1999.

For info.: R.F. Wolffenbuttel,
Delft Univ. of Techn.

Fax: +31-15 278 5755
eurosensors.et.tudel ft.nl

MME ' 99 (MicroMechanics
Europe), Gif-sur-Y vette,
France, Sept. 2728, 1999.
For info.: MME' 99, Inst.

d’ Electronique Fondamentale
Fax: +33-1 6915 4080
www.ief.u-psud.fr/~mme99
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Some topics covered will be:

— Automotive applications
— Pressure sensors
— Radiation detectors at SINTEF

THE AIM OF theMicro Structure Bulletin isto promote the use
of micromechanics and microstructure technology. It consti-
tutesone part of the efforts made by the strategic center for Ad-
vanced Microengineering (AME) and the competence center
for Surface and Microstructure Technology (SUMMIT) to dis-
seminate scientific and technological information.

MSB ispublished quarterly and isdistributed free of charge
within Scandinaviaand to alimited number of international ex-
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MSB is supported by: AME/SUMMIT, Amersham Phar-
macia Biotech AB, Biacore AB, Bofors AB, Chalmers

KiselDesign, Colibri Pro Development AB, Datex-Engstrém
AB, Ericsson, Modular Ink Technology i Stockholm AB,
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The Competence Center SUMMIT

The research activities of AME (Advanced Microengi-
neering) and SUMMIT (Surface & Microstructure Tech-
nologx) are mainly located in the new and multidiscipli-
nary Angstrom Laboratory at Uppsala University. SUM-
MIT works in close cooperation with KTH and has exten-
sive collaborations with Swedish high-tech industry. AME
comprises afour-year Graduate School with an annual ad-
mission of 10 PhD students. Important examplesof research
fieldsare: micro-optics, medical/bio applications, space ap-
plications and generic MST.

AME and SUMMIT invite persons with a genuine in-
terest in M ST to apply for PhD student positions. Suitable
backgrounds are: BSc/MSc/Civ.ing. exam in physics,
chemistry, medical/bio technology, materials, electronics,
or other MST-oriented fields of engineering.
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jan-ake.schweitz@angstrom.uu.se Phone: +46-(0)18-471 3088
Fax: +46-(0)18-471 3572

www.ame.material.uu.se
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