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This is the 25th and last Micro
Sructure Bulletin (MSB) for
this millenium. It is a suitable
chancetooffer thereaderssome
extra reading. As aways, the
spirit of MSB isto set the read-
ersin focus.

Six yearshaspassed sincethe
idea of national MST-newdet-
tersemerged during awine tast-
ing reception at the MME con-
ference in Neuchétel, Switzer-
land. The idea was so attractive
that the next day at the Nexus
General Assembly | daredtoan-
nounce Sweden’s intention and
suggested that other nationsfol-
low. Three months later, MSB
93:1 reached the readers.

MSB was initialy targeted
only at Sweden. After the first
year MSB was extended to the
Nordic region. In 1998, the Ed-
itorial Board was extended to
better emphasize the Nordic
sphere of interest.

More came out of the
Neuchétd-visit. As MST was
maturing at several locations it
felt important to gather people
together, and the first Micro
Sructure Workshop (MSW'’ 94)
was held haf a year later (re-
peated in 96 and 98). Anintend-
ed biennial course-series (MSK)
was aso introduced, but only
MSK’ 95 couldbeheldduetothe
difficulty of finding lecturers.

My target was to create
media based on how | would
like to receive information my-
self. This is a tough criterion
since | seldom read general in-
formation sent to me, and im-
mediately throw away or return
mail that has an advertisement
purpose, whether obvious or
subtle. Mostimportant hasbeen
thewell-received neutrality and
objectivity, implying that the

www.mst.material.uu.se

25th MSB

MSB’sfirst issue published in December 1993.

key players behind MSB/K/W
should not themselvesbe active
or have commercial interestsin
the MST-area. Your comments
support that afundamental rea-
son for MSB’s success is that
Colibri fulfills this require-
ment.

Other important, but not eas-
ily combined, key-terms in-
clude: quality, professionalism,
locally rooted, an informal per-
sonal touch, and forum-based
instead of a cobweb. The target
is to also reach those only pe-
ripherally interested in MST.

MSB/K/W have been com-
mented in very positive terms.
There was basically only one

exception, an author was upset
that his project did not get the
space it ‘deserved’. However,
MSB's main loyalty is to the
readers, not to the authors.
Although being avery time-
consuming and expensive hob-
by, it has been fun promoting
theM ST area. Now itistimefor
me to move on and focus more
onColibri’scorebusiness. MSB
will have a‘time-out’ during at
least the first half of next year.
Thiswill be atest on how full-
fledged Nordic MST is, and if
MSB/K/W till are needed.

Jan Soderkvigt, initiator and
coordinator of MSB/K/W
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EDITOR’S NOTE

First, | would like to ex-
pressmy thanksto theteam
that has made MSB possi-
ble. Knowing that my weak
point ismy memory, | pre-
fer to not mention anyone
specific.

It has been difficult to
identify a Nordic long-
term alternative that can
strengthen and evolve the
MSB concept without jeop-
ardizing the well-received
neutrality and objectivity.
It has felt essential to look
for solutions in which
MSB, MK and MSW are
part of alarger scheme for
technology promotion, and
that are based on the same
criteria that have created
the spirit of MSB, some of
which are listed on the
front page.

MSB/K/W has been dif-
ficult to combinewith Col-
ibri’s core business of sys-
tem-level, dimensional-in-
dependent  troubleshoot-
ing. Time has come to ac-
cept the consequences. |
sincerely apologize that
thiswill affect thefuture of
MSB/K/W in a negative
way. | hope that you un-
derstand and respect my
decisionathough| amcer-
tainthat someof youwould
have liked the outcome to
be different.

Best wishesfor pleasant
Christmas reading, and a
Happy New Millenium.

LJNN#A

Building Awareness

ne question has turned
out to be fundamental
when looking into

MSB’sfuture: Onanational and
Nordic level, who should be re-
sponsible for promoting the in-
dustrial awareness and devel-
opment of anewtechnical area?

Conflicting Dilemma
Traditional organizations have
limitationswhenit comestobe-
ing unbiased at providing ad-
vice regarding new technolo-
gies. For example:

¢ Noindustry in the Nordic
region has such a position
that they can afford taking a
very broad external per-
spective on MST.

¢ Universities' priority should
be high-quality students,
publications and theses.
They are not always updat-
ed on theindustrial status,
and are lessinclined to-
wards external activities and
tough deadlines.

 Research ingtitutes are well
suited for supporting projects
and for cresating the funda-
mental toolbox. However,
when promoting anew tech-
nica areathey often en-
counter the conflicting nature
of objectivity and promoting
their own organization.

It is best when customers are
recommended optimal, ‘low’-
risk solutions, which often
means conventional, ‘low’ -tech
approaches and traditional sub-
contractors. This sows down
thecreation of competenceat re-
search ingtitutes, which hinders
one of their main purposes —to
provide competencetoindustry.
A conclusionisthat researchin-
stitutes must, per definition, be

somewhat unbiased in their rec-
ommendations in order to ad-
vancetheir own competence. Al-
though most likely favorable on
a long-term, national perspec-
tive, thismight involve‘ sacrific-
ing’ individual projects and
ideas along the road.

Need for Unbiased Info

| am often involved in critical
phases of projects where unbi-
ased information is of utmost
essence. | routinely avoidinfor-
mation sourcesfor which | can-
not rule out that they primarily
try to promote their own activi-
ties. | have met research insti-
tutesthat offer to take over pro-
ject-leadershipwith the sole ob-
jective to increase their own
competence, despite that the
project’'s market window and
cost-pressure did not allow for
such alearning-phase.

Many companies hesitate
looking into the possibilities of
new technologies. Toformtheir
own opinion they need sources
of broad, impartial and realistic
advice and information. Credi-
bility is reached best if the
sources themselves do not have
interests in the technology.
MSB/WIK has tried to fill this
need for the M ST-area.

Dedicated Individuals
An dlternative to industry, re-
search institutes and universi-
tiesistofocusonindividuals. In
fact, it is essential to use dedi-
cated persons if these tasks are
to be handled efficiently. Un-
fortunately, it isdifficult to find
an individual that is updated on
both the industrial and academ-
ic status, and that has sufficient
spare time to ‘ sacrifice'.

A larger obstacleisthelimit-

ed possibility to pay the dedi-
cated individual anything but a
symbolic compensation. Thisis
especidly difficult if the neu-
trality requirement is stressed
sinceit will rule out his’her em-
ployer asafinancier asthese ac-
tivities then clearly fall outside
their business focus. Note that
thistype of information dissem-
ination ought tobefreeof charge
inorder to reach alarger sphere,
and advertisement can only bea
small source of income. An un-
desired consegquence is that the
promotion mission most likely
endsupasacostly andtime-con-
suming hobby.

Where to Go?

Promoting the awareness of im-
portant new technical areasisof
national and regiona interest
and should be handled accord-
ingly. Asit appearsthat most ex-
isting organizationsfocusat po-
sitioning themselves, there is a
need for an inter-organization
force. This stresses the impor-
tance of national strategies and
resources. Where do we wish to
be five years from now?

A natural suggestion is to
handle the early stages of tech-
nology awareness promotion
with a small group of very
skilled generalists not connect-
ed with existing organizations,
commissioned by and reporting
to a nationa (or Nordic) au-
thority. Such agroup can handle
several technology areas, and
aso advanced troubleshooting
if needed. It should complement
and pave the ground for indus-
try and research institutes, and
should not target at expanding
or in any other way loseits neu-
trality and objectivity.

Jan Soderkvist

Statistics for MSB /| MSK /| MSW

My initia plan was a photo-
copied newsletter with at most
400 subscribers. Today, the
mailinglist containsthreetimes
as many individuals that ac-
tively have asked to receive
MSB. A policy has been to not
market MSB outsidethe Nordic
region. Each issueis printed in
2,000 copies. MSB 99:3 was
distributed as follows:

to Sweden

99 to Denmark

98 to Finland

79 to Norway

to the rest of Europe
23 totherest of the world

Copies are also distributed at
various activities in-between
the main mailings, and to au-
thors, editors, supporting orga-

nizations, etc. The Swedish sub-
scribers are split as follows:

58% industry (223 locations)
21% university

5% research institutes

3% hospitals

3% governmental org.

3% journalists

7% private addresses

The original plan for MSW of a

half-day informal gathering
rapidly grew into atwo-day ac-
tivity. Statistics for MSK and
MSW are (industrial percentage
within parenthesis):

MSK ' 95: 52 attendees (44%)
MSW’ 94: 70 attendees (36%)
MSW'96: 81 attendees (37%)

MSW’98: 117 attendees (41%)
Jan Soderkvist
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MicroSystem Technology

rewenot all fascinated
A by the craftsmanship
of the Swiss watch-
makers with their high preci-
sion mechanical systems so
small that magnifiers are need-
ed during assembly?Now, there
is a need for even smaller de-
vices, e.g. in consumer, indus-
trial, IT and medica applica
tions.

The wonders of micro-
processors constantly change
daily life, with productssuch as
microwave ovens and comput-
ers. To function as desired they
need information from their
surroundings. Only recently,
partly due to the evolution of
micromachining, hasit become
economically feasible to in-
clude sensorsin these products.

The MST Community

The technology push for MST
isnow complemented by amar-
ket pull. Many companies in-
volved in MST arefound in the
U.S.A. and Japan. Dominating
therapidly expanding MST ac-
tivity in Europe are Germany,
France and the U.K.

A specialized sensor indus-
try consisting of SMEs has
evolved. Also, afew largecom-
panies in the semiconductor
and automotive areas have
launched product series based
on their own M ST activities.

Micromachining
The production technology be-
hind MST, micromachining, is

based on processes originating
from the semiconductor indus-
try. Typical devices have fea
tures smaller than feasible by
traditional manufacturing, with
dimensions measured in mi-
crometers, sometimes  in
nanometers, and rarely in mil-
limeters. Apart from the more
advanced processsteps, such as
integrating electronics on the
sensor chip (one-chip solu-
tions), the technology today is
sufficiently mature to slowly
become industry driven.
Micromachining comes in
two varieties, bulk and surface
micromachining (BM and
SM). Both date back to the
1960’s, but the toolbox for SM
has been more complicated to
create and has taken longer to
mature into commercial usage.
BM tailors the substrate wafer
itself into the desired geomet-
ric shape, while SM forms the
desired structureviadepositing
and etching of thin layers on
one side of the wafer. The ma-
terial selectivity during etching
is essential for SM in the same
way as BM reies on the
anisotropy of the etching.

Processing Steps

The fabrication of fully three-
dimensional microscopic struc-
turesincludesprocessessuchas
etching, deposition and bond-
ing, all originating from the
semiconductor industry. Re-
cently, the borderline to neigh-
boring production technol ogies

This micromachined quartz angular rate sensor from Temic (and
Colibri) will function as the heart of vehicle dynamic control sys-
tems. Typical isthat the micromachined part forms only a small
part of the MST-based system (courtesy of Temic, Germany).

has become diffuse as several
processesused in precision me-
chanics have been modified to
suit MST.

The dependence of the etch
rate on the etch direction offers
an excellent method for de-
tailed tailoring. Sacrificial lay-
er etching and etch-stop tech-
niques add flexibility, enabling
free-floating structures and
membranes. Joining methods,
e.g. bonding, facilitate features
such as cavities and packaging
of sensor chips.

MST Materials

Silicon is the most frequently
used material inMST. Here, de-
flections are often detected ca-
pacitively or piezoresistively,
and movements often excited
electrostatically, thermally or
magnetically. Although not al-
ways the best choice, silicon is
a general and flexible material
that canbeusedfor alargenum-
ber of components. This has
made silicon the favorite for
some large companies focused
on abroad range of M ST-based
products, which hasinfluenced
universities and financiers to
focus less on alternative mate-
rials. The investment in know-
how and production equipment
createsaninertiasimilar to that
when silicon became the fa-
vorite for semiconductors.

Quartz has found its own
nichein frequency applications
where its piezoelectric effect,
inertness and temperature sta-
bility make it the unsurpassed
choice. The most successful
micromachined product, all
categories, is the quartz watch
crystal. It is manufactured in
six-digit quantities each hour,
at avery low cost.

Other very promising mate-
rials are being explored for
MST, such asmetals, polymers
and diamond. Here, we have
only seen the tip of theiceberg
(see pages 16 and 20).

Conclusion

Whilethelast decadecan bede-
fined as the Decade of Micro-
electronics, there are signs that
the Decade of Microsystems
soon might come.

(Based on MSB’s very first ar-

ticlein 1993)
Jan Soderkvist

This 0.89 mmlong M0.18
screw (pitch and width of dot:
0.05 mm) is mass-produced
with high precision machining
at avery low cogt. Itillustrates
the diffuse borderline between
precision mechanics and MST
(courtesy of Bjorkgren Mekanik
AB, Sweden).

MST MARKETS

B Accemome
Market forecast made by

NEXUSin 1998 (see MSB
98:4 and NEXUS website).

WHEN MST?

IsMST useful? Check if
your company wishes to:

e miniaturize existing
systems
increase reproducibility
or robustness
optimize performance or
add new functionality
reduce system-costs for
high-volume applications
minimize energy, sample
or resource consumption
acquire new strategic
competence areas
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False Hopes for MST's Industrialization?

opes for a MicroSys-

H temTechnology (M ST)

revolution are high,

but reality does not match the
expectations.

A different perspective to
that presented on the next page
could be that those involved in
the early days of MST erro-
neously focused on thetechnol-
ogy and on MST-based compa-
nies when presenting MST.

I will try to elaborate onthis.
My viewpointsare based on my
contacts with MSB's readers,
my experience from interdisci-
plinary consulting since the
mid-80’s, and from having per-
formed research in two differ-
ent fields at two universities.

Cultural Clash Delays MST

In marketing, one must know
the target group: Buyers seek
functionality, reliability and
price more than production
techniques. Suppliers aim for
simple, low-risk, high-yield so-
lutions. Researchers look for
challenging, publishable topics
more than system aspects, and
are often amazed by the sim-
plicity of successful products
(‘old-fashion’ technologiesand
designs have a surprisingly
strong ability to survive).

This highlights the aways-
present cultural clash between
academy and industry: “ A good
scientist isa person with origi-
nal ideas. A good engineer isa
person that works with as few
original ideas as possible’
(Freeman Dyson). Tailor MST-
presentation accordingly.

One of universities' respon-
sibilities is to share its know-
how. Unfortunately, it is easier
to present information based on
one's own experience than at
adapting it to the listeners. To
succeed onemust useindustry’s
own terms when addressing in-
dustry, and vice versa (“When
in Rome, do as the Romans’).

Fear of Entrance
At theend of aproject oneoften
says‘If we had known of al the
trouble we had to face, we nev-
er would have started the pro-
ject’. A conclusion is: ‘telling
too muchtoo early might hinder
good ideas from being tested’.
Many ‘outsiders assume
that the entrance fee in know-

how is high, and that they need
their own production facility.
Here, it isimportant to present
the pros and cons relative to
conventional production meth-
odsinstead of the details of the
technology. MST isjust one of
many production methods and
should be treated as such.

MST-Based Companies?

Is Autoliv MST-based consid-
ering their automotive safety
products that rely on micro-
components? Has Analog De-
vices turned MST-based with
its one-chip accelerometers?

The answer is subjective.
‘MST’ was originaly defined
via its underlying production
technology, micromachining.
‘MST-based” companies are
eventoday oftenassociatedwith
production possibilities. Thus,
not many companiesare, or will
be, MST-based despite high
hopes in this direction.

A comparison: Most compa-
nies use el ectronicsin their pro-
ductsbut very few arecalled* mi-
croelectronic companies, not
eventhoseusing ASICs. Lessons
learned include that the number
of companies that can benefit
from M ST ishuge, that thenum-
ber of companies profiting from
micromachining-based produc-
tion is small, that ‘ design hous-
es will bethelink to production
facilities, andthat it sufficeswith
a cursory knowledge of micro-
machining sincethe competitive
edgecomesfromthesystemlev-
€l. The same conclusions can be
drawn by comparing MST with
precision mechanics.

In the diversified MST-are-
na, theterm‘ M ST-based’ ought
to be replaced by application-
oriented sub-fields, such as p-
biotechnology, p-chemistry, p-
fluidics, p-optics, p-mechanics,
etc., each with its own reguire-
ments on MST.

Application-Focus is the Key
There are three types of MST-
related organizations:
Production and equipment
providers. Newcomers will be
few duetothelargeinvestment-
requirement. Most survivors
fromMST’searly dayshaveal-
layed with application-oriented
companiesasthetechnology it-
self did not provide a healthy

business foundation. The trend
istowards foundry services.
Support providers: These
will  grow as production
providers become fewer and
stronger. New ‘fab-less MST-
design houses will appear.
Application-focused users:
National efforts spent on pro-
moting M ST can be expected to
have the largest effect on this
group, and especially on SMEs.
Their growth potential is much
higher than that of technology-
focused spin-off companies
lacking the application founda-
tion. Larger companies are
harder to ‘push’ new technolo-

gy upon.

Industry-Academic Mix
There are some striking differ-
encesin the Nordic region.

Finland and Norway areboth
world-leading producers of mi-
cro-accel erometers, despite that
their universities previoudly
were weak on MST. Strong in-
dustrial-oriented research insti-
tutes has compensated for this.

Denmark started out with
MST by creating aresearch in-
stitute with the important mis-
sionto promote SMEs. Industri-
a companies are often project
leadersincollaboration projects.

Sweden is organized differ-
ently with a strong university-
based platform, but with a
weaker industrial MST-side.

The competence-base pro-
vided by universities is essen-
tial. Nevertheless, creatingatoo
strong university-base too ear-
ly involvestherisk of suffocat-
ing and delaying theindustrial-
ization, since awareness pro-
grams run the risk of not ad-
dressing topicsimportant toin-
dustry, system aspects might be
overlooked as these could lead
to solutions outside the re-
searchers own field of interest,
and project leadership will
come from universities.

A lesson learned is that a
well-balanced mix between in-
dustry, research institutes and
universities is essential. To
compensate for the apparent
imbalance, MSB hasfor thelast
two years worked on further
strengtheningitsindustrial base
at the expense of its academic
base, both regarding articles
and organization.

A Stronger Nordic Position?
The large difference in organi-
zation between our countries
means that a closer Nordic col-
|aborationwould benefit our re-
gion. A Nordic strategy could
involve more efficient coordi-
nation of actions, stimulation of
Nordic industry-academic col-
|aborations, strengthened infor-
mation spreading, joint research
programs, etc. The Nordic re-
gionwill becompetitiveonly in
avery limited number of cases
if this natural step is not taken.
Itisimportant to also recog-
nize that many of the success
storiesfor MST have started as,
or via, SMEs, catayzed by a
competent, industrial ‘ daredev-
il” with visions, intuition and
entrepreneurship.

Some Proposed Actions

Thefollowing isan incomplete

list of items| think might lubri-

cate theindustrial use of MST:

* Mentor-programs for indus-
trialization and for M ST.

* Industrial advisory board.

* Industrial leaderchip in col-

|aboration projects.

Map suitable applications.

Information channels/forums.

“When in Rome ...”

Long-term industrial aware-

ness programs for those not

knowledgeable about MST.

* Incitementsto first-time
users and to those exploring
MST’s possibilities via pre-
studies (smular to FUSE).

* Possihility for persons with
industrial experience to take
asabbatical in academia.

In short, there is a need for a
strategy, and for a plan for how
to reach the targets.

MST is Not a Necessity -

it is an Opportunity

MST hascometo stay. Itisjust
a question of how fast it will
evolve. Do we wish to grab the
opportunity?

Suitable for the Nordic re-
gionisthat MST ofteninvolves
niche markets where relatively
small application and market
focused industrial players can
thrive, if they have the right
product at the right time and at
theright price.

Jan Soderkvist
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Industrialization Takes Time

istory aways has im-

H portant lessons to
teach us, such as: ‘In-
dustrialization takes longer
than expected and is taken in

well-defined steps'.

1st Wave - Pioneers
Researchers showed early that
micromachining had an indus-
trial potential viacost and added
functionality. Several compa-
nies popped up dedicated at
mass-producing afew ‘simple’
components, typically pressure
sensors (medica applications)
and accelerometers (automo-
biles). The initial success of
these companies created major
hopes for MST’s future. Some
predicted that MST rapidly
would become more important
than microel ectronics.

However, not much hap-
pened in the decade(s) there-
after. Accelerometersand pres-
sure sensors still dominated the
MST-marketin 1994. Theorig-
inal companiesdid not seem ca-
pable of opening up new mar-
ketsor application areas. Possi-
ble explanations could be that
themarket wasnot yet ready for
M ST or that thetechnology was
not sufficiently mature.

2nd Waves - Optimists

New spin-off companies from
universities came hoping for
opportunities to provide sup-
port to the industrial MST
growth. However, they toowere
not ableto increase MST srate
of growth. Obviously, somein-
gredient was missing.

Most initiatives so far origi-
nated from academia and were
focused on the technology. The
cultural difference between
academy and industry created
many situations where univer-
sities did not realize why in-
dustry was indifferent to the
sensor designs offered to them.
To gain industrial success one
needs detailed knowledge of
the application, system and
market. As disappointing as it
might be, it is seldom the best
technical solution that winsthe
battle for market share.

3rd Waves - Slow-Starters

Slowly, in the background an-
other force began to pick up
momentum. A few large mi-

This micromachined 1 x5 x 0.1mm? silicon sensor element has
found a plethora of usesin pressure sensors, accelerometers,
force sensorsetc. It is still in production at SensoNor today,
more than 20 years after its market introduction.

croel ectronics companies, such
as Anaog Devices (ADI),
Bosch and Motorola, decided
that the timing was right to test
micromachining-based  pro-
duction. Most notably are
ADI’'s one-chip accelerome-
ters. Their success had a great
PR impact on those unfamiliar
with M ST, but wasachieved via
very resourceconsuming R&D.
These companies could afford
projects with a long payback
time, they had application ex-
perience, and they had formed
marketing strategies while ob-
serving the area. In short, they
were well prepared. It is like
Microsoft and their internet
browser — let other companies
take the first blow and movein
withforceandlow risk whenthe
timing isright.

Also, some of the MST ded-
icated companies from the first
wave had survived, often via
strong aliances with their cus-
tomers. They were fortunate to
have entered the MST arena
when ‘rudimentary’ designs
were accepted and economical
margins were larger. Much ex-
perience was gained the hard
way in amanner not possiblein
today’s maturing MST arena.
Key people from the early days
are today technology leaders.

4th Wave - Application Focus
The previous waves created the
necessary infrastructure for a
grand fourth wave triggered by
application focused companies
entering the arena. For them,
micromachining is just one of
many competing production
technologies that will be used
only if its advantages clearly
surpasses its risks and costs.
Application focused SMEs
are often dynamic and keen on

seeking information and evalu-
ating new technologies. They
can be expected to propd this
wave forwards, athough they
only on rare occasions can af-
ford their own micromachining
facilities. Larger application-
oriented companies will, in
most cases, move in slower.
Technology oriented start-
up companies lacking an appli-
cation focus face a very tough

future. To survive, they need to
build around a technology
breakthrough, while gaining
applications and marketing
know-how the hard way.

Restructuring
MST actors from the early
waves will face a restructuring
arena when the application ori-
ented companies put pressure
on production facilities, e.g. re-
garding availability, standard-
ization, reproducibility and
cost. A few larger facilitieswill
survive. Smaller facilities will
ally with component or system
suppliers(e.g. VTI Hamlinwith
Breed Technologies). Equip-
ment manufacturers and com-
panies providing support will
face new missions.

Thediversified MST-related
industry might well end up be-
ing organized as is the micro-
electronicsindustry.

Jan Soder kvist

WHEN IT ALL STARTED

Micromechanics is older
than most people think. One
starting point was the dis-
covery of the piezoresistive
effectintheearly 1950's. Sil-
icon sensors were fabricated
tenyearslater. Around 1970,
researchers at Westinghouse
were using sacrificial layers
to form capacitive sensors
and electrostatic actuators.

The group at Stanford
University, headed by Pro-
fessor Jim Angell, probably
had the greatest influence on
the early development of mi-
cromechanics. The gas chro-
matograph on asingle wafer,
and other demonstrators, re-
aly demonstrated the poten-
tial of this new field. The
achievements of Kurt Pe-
tersen, then at IBM, in de-
signing and fabricating a
number of innovativedevices
also served as an inspiration
source.

In Europe, Philips had a
very early start in miniature
pressure sensors. The prede-
cessors of SensoNor in Nor-
way were industrially active

dready in the early 1970's
producing silicon cantilever
beams for use in medica
equipment. Unknown to
many isthat micromachining
techniques for three-dimen-
sional structures, such asthe
LIGA technology, can aso
be traced back to the 1970's
and the research laboratories
of Siemens.

(FromMSB 94:2)
Bertil Hok

Gas chromatograph devel-
oped at Sanford in the 1970's.
The 2-inch wafer contains a
1.5 meter capillary column
and associated plumbing for
the injection system. (courtesy
of Seve Terry)
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History.no

hesemiconductor tech-
T nology activity in Nor-
way started at SINTEF,
former Sl, in 1960. Initialy, the
focus was bipolar technology,
and the development of me-
chanical sensorswas only ami-
nor part of thetotal activity. Nev-
ertheless, in 1965 a silicon sen-
sor with integrated piezoresis-
torswas devel oped for pressure,
force, and acceleration mea
surements. Thesameyear, some
scientistsleft Sl to establish Ak-
ers Electronics (ame) and con-
tinuedevelopment onthesilicon
sensor. As a spin off from ame,
SensoNor was established in
1985 as a company focusing
solely on silicon for mechanical
measurements.

The silicon sensor originat-
ing from 1965 has been pro-
duced by SensoNor for avariety
of different sensor applications.
The first generation of air-bag
accelerometers is one example.
Ordersfor other gpplicationsare
already signed for production
into the next century.

SensoNor is now supplying
and developing avariety of mi-
cromechanical sensors, most of
them in high volumes for the
automotiveindustry. Best know
isthe SA20 air-bag sensor that
has been the market leader in
Europefor several years. A tire
pressure sensor wasintroduced
on the market, and asilicon gy-
roscopeisin the pipeline.

amehasfocused their activity
on silicon-based opto-compo-
nents, opto-hybridsand MCM. It
is today one of the OSlI System
Companies, including amongst
others, UDT Sensorsinc. in Ca-
ifornia. ame's activity has ex-
panded during the last years and
thecompany had aturnover of 80
MNOK over thelast 12 months.

In the 1990s, four new com-
panies have spun off from the
microelectronics  activity at
SINTEFin Odo. These compa-
nies, Ide, Chipcon, Presens and
Fifty-four point Seven, are fur-
ther described on the next page.

Anders Hanneborg, SNTEF

Microsystem Volume Production:

Present and Future Challenges

he industry of micro-
T machined devices has
emerged during the
three last decades. At first these
devices were mainly a techno-
logical spin-off from microelec-
tronics and integrated circuit
technology. Sensor applications
provided the main market pull,
batch processing was the key to
reach high quality at low cost,
and silicon micromachining es-
tablished itsdf as a unique
processtechnology withdistinc-
tive features. Today, production
of these devices has matured in-
to a separate industrial sector
with its own market and manu-
facturing infrastructure, includ-
ing micromachining of silicon
and the use of deposited thin
films. The devices are used in
systems with widespread appli-
cations, ranging from low cost,
high volume automotive appli-
cationsto high cost, low volume
instrumentation applications.
Key success factors for this
industry include:

* Batch organized planar pro-
cessing technology

* Microelectronics manufac-
turing infrastructure

* Rapid uptake of research re-

sults from solid state tech-
nology and other related
fields of microelectronics

However, microsystems tech-
nology has during these years
shown a much slower learning
curve than microelectronics in
generd, turning MST devices
into bottlenecksfor performance
and cost improvements in sys-
tem applications. The most im-
portant inhibiting factors are:

» Slow market acceptance

 Low production volumes

* Immature industrial infra-
structure for the specific
materials and processes

Significant growth of the
emerging microsystems indus-
try requires abusiness focus on
shortaswell asmediumtermre-
sultsand onlong-termR&D. To
obtain success in this dynamic
field, active participation and
guidance by owners, board
members and top management
isaprerequisite.

SensoNor asais an indepen-
dent company operating as an
OEM-supplier located in Hort-
en, Norway. The company’s
business idea is to develop,

manufacture and market mi-
crosensors, preferably for high
volume applications, based on
silicon microsystems technolo-
gy. The company offers appli-
cation specific sensors for me-
chanical quantities such as
pressureand accel eration. Over
the past 15 years, SensoNor has
been in the technological fore-
front of offering microelectro-
mechanical systems (MEMS)
solutions to customers. Over
these years a broad technologi-
cal base has been built up. Sen-
soNor has been able to intro-
duce MEMS solutions to re-
place traditional sensorsin the
fields of avionicsand precision
metrology. Even more impor-
tantly, significant advances
have been madein high volume
applications such as the auto-
motive area. SensoNor istoday
aleading independent supplier
of pressure sensors and ac-
celerometers for automotive
applications, and hasto datede-
livered more than 34 million
unitsof the SA20 Crash Sensor.

Per Glgersen, SensoNor
Phone: +47-33 03 50 99
per.gloer sen@sensonor.no

Industrial Foundry
Service at SensoNor

ensoNor has since
S 1997 offered externa
customers a foundry
service based on the technolo-
gies used for their OEM mi-
crosystems for volume produc-
tion. SensoNor is involved in
Europractice and isacoordina-
tor of NORMIC — the Nordic
Microsystems Manufacturing
Cluster. The services give cus-
tomers access to:

e Qualified industrial micro-
structuring processes

* Microsystem technologies
proven in high volumes

* Processes supported by
engineering kits, technology
filesfor major CAD plat-

forms, and alibrary of mod-
els and elements from basic
building blocks to complete
sensing elements.

* Volume as well as prototyp-
ing/low-volume (MPW)
manufacturing

¢ A network of design houses
and support centers

 Front-end and back-end
processes

Examples of microsystems
manufactured for external cus-
tomers include pressure sen-
sors, ink-jet printer heads, micro-
phones and flow sensors.
Sein Ivar Hansen, SensoNor
Phone: +47-33 03 51 95
stei n-ivar.hansen@sensonor.no

MPW, 3r> RuN

NORMIC offers a Multi
Project Wafer service in-
cluding support for device
design and testing. Silicon
processing will be made at
SensoNor asa. The deadline
for reservation of chip area
is February 1, 2000.

For more information,
please contact the MPW-co-
ordinator.

Anders Olsson

ACREO AB, Sweden
Phone: +46-(0)8-632 78 04
normic@acreo.se
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ifty-four point Sevenis
F a new Norwegian mi-
crosystem company
spinning off from SINTEF
Electronics and Cyberneticsin
Oslo. 54.7 started operationson
September 1, 1999. The busi-
nessidea of the company isde-
velopment, manufacturing and
marketing of microsystems,
with apatented schemefor pho-
toacoustic gas sensing silicon
microsystems as its first ven-
ture.

The venture evolved during
the ESPRIT project TESS (To-
tal Environmental Surveillance
Sensors), and is now followed
up in the EUREKA project
PAMPAS (Practical Applica-
tions of Microminiaturized
PhotoAcoustic Sensors). The
associated patents are licensed
from SINTEF, and two of the
three key inventors behind the
schemehavejoined 54.7: Alain
Ferber is Chief Scientist, and
Per Ohlckers is heading the
company. Ralph Bernstein, the
third key inventor, is a member
of the Board of Directors.

The technical details of the
photoacoustic gas system was
presented in MSB 96: 1.

Per Ohlckers
Phone: +47-90 03 94 01
Per.Ohlckers@fys.uio.no

hipcon Group ASisa
C spin-off from the mi-
croelectronics re-

search activities at SINTEF. It
was founded in 1996 and now
employs 18 peoplefocusing on
the development and sales of
application specific and stan-
dard integrated circuits.

Chipcon AS, whichisoneof
two sister companies, is spe-
cialized in customized integrat-
ed circuits for a broad range of
applications, including auto-
motive,  telecommunication,
and industrial. The company
utilizes both analogue, digital
and mixed signal design tech-
niques to obtain ahigh level of
systemintegration, and hassuc-
cessfully completed a large
number of products. A signifi-
cant number of these designs
are targeted for low-noise sen-
sor readout applications.

Chipcon Components AS,
the second company within the
group, wasfoundedin1999. Fo-
cusison standard | Csfor short-
range radio communication.
Thefirst product, atwo-way ra-
dio transceiver (CC400), is a-
ready available on the market
and is distributed to customers
world-wide.

Geir Forre
Phone: +47-22 95 85 44
info@chipcon.com

ntegrated Detector and
I Electronics AS (IDE)
isactivein thefield of

radiation detection technology.
The Company designs and
manufactures advanced ASICs
and hybrids, and develops and
manufactures radiation detec-
tion systems based on ASICs
and solid state semiconductor
sensors. Founded in 1992, IDE
hasits origin from the research
ingtitutesaround the University
of Oslo and CERN in Geneva.
Currently, 20 highly skilled
persons are employed at its of-
fice near Odlo.

IDE's systems are based on
the integration of externaly
sourced semiconductor sensors
and in-house developed ASICs
and systemelectronics. ThelDE
technology provides high-qual-
ity and high-resolution digital
radiation images (see eg. MSB
99:1). The primary strength is
predominately in developing
low noise front-end electronics
for solid-state sensors. Most of
IDE's sales have traditionaly
been products for physics and
astrophysics applications. IDE
is currently concentrating pri-
marily on the fields of nuclear
medicine, X-ray diagnosticsand
autoradiography.

Einar Nygéard
Phone: +47-67 55 18 18
einar @ideas.no

NMC Norwegian MST Center

he activity within mi-
| crotechnology in Nor-
way since 1960 hasre-

sultedinabuild-up of corecom-
petencies, which today form a
good platform for future expan-
sion. This platform has the po-
tential to foster new enterprises
and to accelerate the technolo-
gy shift facing the instrumenta-
tion industry. A national initia-
tive has now been launched to
put Norway among the best in
industrializing research results
within microtechnology.
SINTEF has established the
Norwegian Microtechnology

Center (NMC), where NTNU,
UoO and SensoNor will bepart-
ners sharing common laborato-
ries and eguipment. NMC
should consist of three opera-
tons in Oslo, Trondheim and
Borre focused on silicon based
microsystems, micro photon-
ics, and integrated microsys-
tems, respectively.

NMC should be directly in-
volved in advanced R&D pro-
jectsboth at the universitiesand
in industry. Microsystem de-
sign services, based on both
custom design and foundry-
processes will be offered as

well as prototyping and small
scale manufacturing.

During the period 1999-
2003, the Norwegian Research
Council (NFR) is expected to
contribute with 150 MNOK to-
wardsinvestmentsinthe NMC-
laboratories, including approx-
imately 20 MNOK annually in
funding for research programs
at the universitiesand SINTEF,
and 25-40 MNOK annually in
support for industrial develop-
ment projects within  mi-
crotechnology.

Anders Hanneborg, SINTEF

reSensASwasfounded
inAugust 1996 and has,
as of September 1999,
three full-time based employees.
PreSenswas established asa
result of several years of devel-
opment efforts by SINTEF in
Odlo. PreSensisat the devel op-
ment and qualification stage of
its patented sensing principle
for silicon piezoresistive high-
pressure sensors. Thefirst com-
mercial deliveries were per-
formed in August 1998. Pre-
Sens AS has licensed its tech-
nology and collaborates with
other leading sensor companies.
PreSensisaimingto become
a significant sensor manufac-
turer in Europein selected mar-
ket segments. Primary market
opportunities exist in the auto-
motive, industrial and military
sectors.
Frode Meringdal
Phone: +47-22 06 76 60
frode.meringdal @presens.com

contact.no

National contact person:

Anders Hanneborg
Project director NMC,
SINTEF Elektronikk og
kyber netikk

Phone: +47-22 067 822

Some M ST-active compa-
nies and organizationsin
Norway:

» SensoNor (Www.sensonor.no)

* ame (www.ame.no)

* SINTEF
(www.odlo.sintef.no/ecy/)

* UiO
(www.fys.uio.no/elg/fysel)

* NTNU (www.fysel.ntnu.no)

* PreSens (frode.meringdal
@presens.com)

* Chipcon (www.chipcon.no)

* lde (www.ideas.no)

* Fifty-four point Seven
(www.fys.uio.no/~poe/54.html)

and many others.
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Browsing Minor Mechanics for
Minor Life Forms

It isdifficult not to ad-

I mirethecunning of the

male Fowler’'s toad as
it, eager to compensate for its
shorter vocal cords and smaller
oral cavity, heads for a cold
pond to make its voice deeper
andimproveitschanceswithfe-
males. With a spectrum of size
for livingthingsranging over 21
orders of magnitude (from My-
coplasma, 0.1 pg, to the blue
whale, 0.1 Gg), there are, how-
ever, plenty of sizeeffectsmuch
moreimportant than the mating
or non-mating of atoad to ex-
plore. Besides, a cold bath
might just be the way to lessen
the desire.

Being a micromechanic, |
findit particularly interestingto
study nature's smallest me-
chanical systems and to com-
pare them with those from
man’s artificial microstructure
technology. Before sharing
with you some of my findings,
I will try to briefly introduce
you to the theory of scaling, a
most useful and fascinating aid
in the understanding of size-re-
lated phenomena.

Scaling

When an object grows bigger,
or shrinks, its surface and vol-
ume (or weight) change at dif-
ferent rates. Thisis easy to vi-
sualize if the object is a cube.
Doubling thelength of the edge
resultsinafour-foldincreasein
the surface area and an eight-
foldincreasein the volume and
weight. It might be trickier to
seethat thisholdsalso for aball
or a toad, but as long as the
shape is preserved, the surface
area is proportional to L2 and
the volume/weight to L3, re-
spectively, where L is an arbi-
trarily chosen linear dimension
of theobject. Since someforces
and matter exchange (e.g. ad-
hesive forces and diffusion) act
through the surface and some
forces (e.g. gravitational and
magnetic) act on the volume,
the relative importance of them
will ater with size,

A bridge, for instance, is
hanging from wires or resting
on pillars whose cross section-
a areas are governed by the
maximum stress allowed by the

Forces acting on a body vary
with its size (e.g., gravity fol-
lows L3, pressure L2, and sur-
face tension LY). The intersec-
tion corresponds to a fly rest-
ing on the ceiling.

construction material and the
expected load (the mass of the
bridge itself, cars, pedestrians
etc.). Should a perfectly engi-
neered Lilliputian bridge be
scaled up to our twelve times
larger world, the load would be
1728 (123) times heavier,
whereasthe cross sectional area
of the foundation would in-
crease by afactor of 144 (122)
only. There must be a consider-
able design safety factor in the
original structure not to cause
yielding or fracturing of the en-
larged one by the much greater
stress. For living creatures the
bone structure is, therefore,
much more slender for small
specimens, like the humming-
bird, than for larger animals,
such astheelephant. An ant can
easily carry many timesitsown
weight, and a house fly resting
ontheceiling cantrust theweak
van der Waalsforces. (Withdiv-
ing beetlesbeing oneexception,
very few insects use the suction
cupsyour parents probably pro-
posed.)

Since heat is lost or gained
through the surface, but dissi-
pated or generated through the
body, a tiny mammal like the
mouse spends most of the day
eating while ahuman being has
plenty of leisure. For the same
reason, insects need no circula-
tory organs, but instead rely on
diffusion for transport of air via
tracheas. Moreover, insmall or-
ganisms nutrients like proteins
and sugars diffuse several mi-
crometers, whichisasignificant

distance in the body, in a few
seconds. People trying to com-
binetheir morning cerealswith
afoot bath, on the other hand,
would need severa centuries
before the nutrients reach their
brains (or should thisever beat-
tempted, let’s call it ganglion)
by diffusion.

Now, let's see what we have
learnt concretely from Mother
Nature when it comes to mi-
crostructure design.

Friction
Most of you are probably fa-
miliar with those really small
electrostatic motors capable of
running at thousands of rpm,
but wearing out in afraction of
an hour due to friction.
Friction has always posed a
magjor difficulty in our field.
Nowadays, many have aban-
doned bearingsand sliding con-
tacts in their micromechanics.
Instead they make use of the
friction in so called inch-worm
motors, working by firmly at-
taching to a surface with one
half of a body, then extending
the spine (or middle part) of the
body, before anchoring the oth-
er half of thebody, releasing the
first grip, shortening the spine,
swapping the grip, and so on,
mimicking an inch-worm or
caterpillar.

Caterpillars (courtesy of
Wlliam T. Hark).

Surface Tension

Although someinsects, likethe
pond skater, benefit from sur-
facetension, whereaslarger an-

A spider thread with sticky
beads, and a silicon nozzle
(see MSB 97:2) with a broken
ink jet.

imalslargely ignoreit (ahuman
being would need atruly ridicu-
lous foot perimeter of two or
threekilometerstowalk onwa-
ter), it's areal pain for others.
An ant faced with a water
droplet for instance will find it
difficult to penetrate and,
shouldit succeed, evenworseto
get out. So, it’s no coincidence
that nature has eliminated tiny
animals with a taste for show-
ers and baths, and instead en-
couraged dry cleaning and
built-in straws.

Surface tension, with alittle
help from small perturbations,
is able to split athin jet of lig-
uid into droplets — a phenome-
non utilized in one of MST’s
most prospering applications:
theink jet printer. The exact ad-
vantageof thisin the creation of
a spider web, where a less
volatilesubstancespunonafast
drying carrier thread breaks up
into tiny beads, is not redly
clear though.

Attitude Control

In controlling its flight, espe-
cialy yawing and perhaps less
likely pitching and rolling, the
higher Dipteras, whereof the
housefly might be the best
known member, use their oscil-
lating vestigia hind wings, the
halteres, as a sort of gyroscope
similar to a Foucault’s pendu-
lum. The shear forces emanat-
ing when the plane of vibration
is forced to change affect the
amplitude of the main wings
and stability is regained. The
difficulty of scaling down ordi-
nary rotating aircraft gyrostofit
in microsystems was probably
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A miniature quartz gyroscope
(courtesy of J. Soderkvist),
and the halteres of a crane fly
(located right behind its
wings).

perceived early. The miniature
S6derkvist gyrowith the geom-
etry of atuning fork was shown
in MSB 96:2.

Aviation

Because of itsfavorable scaling
properties, flying ought to be a
promising way of conveyance
in the microworld. Most flying
insects stay aloft by flapping,
giving a lifting force going as
L2 that counteract gravity that
isproportional toL3. So, awasp
having perhaps one third the
length of a hovering humming-
bird hasindeed only around one
tenth the lifting strength, but
weights amost thirty times
less.

Currently, the main hin-
drancefor airborneM ST seems
to be the power supply. The
most efficient insects benefit

A microflight mechanism fab-
ricated from polyimide and
nickel (photo fromI. Shimoya-
maet a, MEMS’94), and a
typical insect thorax engaged
in wing beating (red: con-
tracted muscle, blue: relaxed
muscle).

from a higher glucose concen-
tration in their blood, and have
their whole thorax working at
resonance; the latter of which
has been noticed and used by 1.
Shimoyama et al in their sili-
con/polyimide aircraft.

Swimming

For realy small creatures, fly-
ingandswimmingarevery sim-
ilar. For most motionin viscous
media the Reynolds number,
roughly defined astheratio be-
tween inertiad and viscous
forces, serves as agood perfor-
mance indicator. Insects and
swimming microstructures
qualify as low Reynolds num-
ber swimmers, and accordingto
E. Purcell, thebest wecan do to
come close to their situation is
toimmerseourselvesinaswim-
ming pool full of amolassesand
not move our limbs faster than
Say one centimeter per minute.
The flow around the body is so
smooth and laminar that any
mixing of thefluidisreversible.
Under such circumstances one
cannot move by rowing or pad-
dling. One would only end up
where one started.

Part of a primitive animal, a
Paramecium (courtesy of Y.
Tsukii), and a hypothetical
MST cilia (green: relaxed,
blue: stroke, red: return stroke).

Single-cell-organisms use fla-
gellaor ciliato propel or whip
themselves forward, while
small insects use brush-like
wingsto dig through air or wa-
ter. Many microactuator de-
signers have adopted ciliary
motion, and all kind of can-
tilevershasbeenused. If oneus-
es a trenched silicon beam
which is pretty stiff in the dri-
ving stroke and limp during the

return, onecomeseven closer to
nature's solution.

Optics
Insect vision has not yet ren-
dered much attraction in MST.
The compound eyeisindeed an
architectural masterpiece and
seemingly a clever substitute
for the diffraction limited iris
eye, but isunfortunately alittle
deceptivetoitsmaster sinceob-
jects look bigger but also dim-
mer on approaching. (This
might explain why so many
kinds of fragile, flying fauna
tend to find a light bulb such a
good placeto land and die on.)
As mentioned by F. Nikola-
jeff inthelatest MSB, onecould
however learn from themothin
designing a subwavelength
grating for antireflection pur-
poses.

A photonic 300-nm-grating
(courtesy of J. Nole, Hol-
graphic Lithography Systems),
and the compound eye of an
ordinary housefly.

Communication

The potential of massive paral-
lelism, i.e. an armada of gnat
sized robots doing the work of
amuch bigger machine (like a
vacuum cleaner), has often
been put forward as an argu-
ment for MST, but close to no
one hasaddressed thechallenge
of autonomous communication
betweenitsmembers. Innature,
body language and pheromones
are used excessively. And just
like the exited weaver-ant rubs
its belly to the ground to create
an odor trail toguideitsfellows
to enemies, the inch-sized ro-
bots of H. Aoyama et al leave
behind them a magnetic foot-
print detectable by their com-
rades and fading with time.
(These robots are in addition a
good exampleof inchwormmo-
tion.)

A miniature robot following
the magnetic trace (the
pheromones) of another one
(courtesy of H. Aoyama).

Conclusion

Thiswasjust ashort account of
someassoci ationsevoked while
browsing minor mechanics for
minor life forms. There should
be much more out there and
plenty of possiblecoalitionsbe-
tween biology and MST. And
who knows—inthefuture MST
might not be larger than life.

I guess we can chose to get
inspiration or confirmation
from nature’'s smaler life
forms. Either way will do, but
not adjusting to a playground
staked out through millions of
years of natural selection is
foolish and maybe even offen-
sive. Or, asLewisCarrol putsit:

“1 should like to be a little
longer, Sir, if you wouldn't
mind”, said Alice: “three inch-
esis such awretched height to
be”

“It isavery good height in-
deed!” said the Caterpillar an-
grily, rearing itself upright asit
spoke.

Greger Thornell

MST getting a footing among
medium-sized life forms (illus-
tration by K. Astrand).
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he late seventies and
T early eighties marked

the beginning of sili-
con micromachining in Fin-
land. At that time Vaisala de-
cided to invest in a cleanroom
in order to start in-house man-
ufacturing of CMOS circuits
for radiosondes, the most im-
portant product of the compa-
ny. It was clear from the begin-
ning that the cleanroom facili-
ty would also be used for the
manufacturing of silicon mi-
cromechanical pressure sen-
sors for the sondes. In 1982, a
researcher on silicon micro-
machining was hired and sent
in early 1983 to the Fraunhofer
Institutein Munich to learn mi-
cromachining and to transfer
the technol ogy to the company.
In 1984, thefirst capacitive sil-
icon sensorswere sold to acus-
tomer for telecom cable moni-
toring, andfurther devel opment

History.fi

of the sensors continued. The
present applications include
precision pressure measure-
ments in radiosondes, industry
and interplanetary probes. In
1987, the first micromachined
capacitive silicon accelerome-
ters were designed and manu-
factured. This activity turned
out to be a real success story:
the current world leader in
capacitive micromachined ac-
celerometers, VT Hamlin Oy,
was founded for the mass
production of the sensors in
1991.

Theleading position of Ok-
metic, theFinnishsiliconwafer
manufacturer, is partly due to
the early demand by Vaisala of
micromechanical double sided
polished wafers.

In 1991, VTT Electronics
hired a research professor for
the development of silicon sen-
sorsand microsystems. Inclose

cooperation with Finnish com-
paniesand funded by Tekesand
VTT, theresearch team has de-
veloped several microcompo-
nents, such as an electrically
tunable Fabry-Perot interfer-
ometer for IR-gas analyss,
thermopile |R-detectors, elec-
trically modulatable wide
bandwidth IR-emitters, very
sensitive differential capacitive
pressure sensors and micro-
phones, and an al silicon
miniaturized | R-spectrum ana-
lyzer utilizing the developed
components (MSB 98:1). Sev-
eral of these components have
been commercialized.

The Helsinki University of
Technology has commenced
basic research, development
and education in microsystem
technologies.

The funding for microsys-
temsresearch and development
in Finland is well organized.

Tekes, the National Technolo-
gy Agency, hasplayed acrucia
role in funding both individual
research projects and large re-
search programs. VTT Elec-
tronics has carried out its own
microsystems programs for the
development of technologies
needed in the devel opment pro-
jects.

The latest initiative comes
from the Espoo-Vantaa I nsti-
tute of Technology, which is
planning to build a microelec-
tronics manufacturing factory
for the education of existing
and future personnel for com-
panies using modern electron-
ics manufacturing technolo-
gies. Thefactory will also have
a research unit specializing in
packaging, assembly and test-
ing of microcomponents and
systems developed elsawhere.

Ari Lehto

Focused Ion Beam Applications

ocused ion beam (FIB)
F technology has been
rapidly emerging par-
ticularly in the micro-electron-
icsfield. FIB isbased on afine-
ly focused ion (commonly Ga*)
beam that canbemanipul ated by
electrogtetic lenses in the same
way as an electron beam in a
scanning electron microscope
(SEM). FIB equipment, likethe
Micrion 2500 recently installed
a the University of Oulu’'s Mi-
croelectronics Laboratory, has
an ion beam spot size as small
as 5 nm, thus enabling submi-
cron imaging resolution. The
image is acquired by detecting
secondary ionsor electronsscat-
tered from the sample surface.
ContrarytoaSEM, thehigh-
er mass of the ions, and there-
by the higher kinetic energy
achieved by the acceleration

contact.fi

National contact person:

Dr. Paivi Piironen, Tekes
Phone: +358-9-010 521 5864
paivi.piironen@tekes.fi

A free-standing cantilever
structure milled in silicon.
The length of the cantilever is
50 um and the width is 2 um.

voltage (typicaly 30-50 kV),
makes it possible to utilize FIB
for the precise ion milling and
chemically assisted etching and
deposition of various materials.
The etching can be carried out
by mereionmilling, or it can be
enhanced by feeding a proper
precursor gas into the chamber.
Metal depositionisbased onthe
reduction of tungsten hexacar-
bonyl gasinthefocal spot of the
ion beam. The conductivity of
the deposited tungsten film is
high enough for making elec-
trical connections. Further-
more, it is possible to deposit
SiO, with electrical character-

10

isticssufficient enoughto act as
a capacitor dielectric.

This ability to etch and de-
posit conductive and insulating
submicron features puts FIB
technology at the leading edge
of innovation in microsystem
development. Typical applica-
tions of the FIB are integrated
circuit modifications, transmis-
sion electron  microscopy
(TEM) sample preparation and
micromachining. One existing
commercial application is hard
disk drive magnetic head trim-
ming. Other applications are
quantum wire fabrication, mi-
crotool fabrication for medical
purposes and (TEM) sample
preparation. In addition, silicon
microsystem research has been
carried out for novel sensor ap-
plications.

Thecurrent FIB research ac-
tivities in the Microelectronics
laboratory are circuit modifica-
tion and combined laser chem-
ical vapor deposition (LCVD)
of copper and FIB technique.
The research is funded by the
Technology Development Cen-
tre of Finland together with the
companies Nokia Mobile
Phones Oy, Tellabs Oy, Nokia

Telecommunications Oy, VLSI
Solution Oy and VTT Elec-
tronics. Future topics will in-
clude micromachining and mi-
crosystem technology applica-
tionsaswell asquantum device
research.

Univ. of Oulu, Finland

Seppo Leppéavuori
Phone: +358-400-566 235

sele@ee.oulu.fi

Janne Remes
Phone: +358-8-553 2711
jare@ee.oulu.fi

TEM sample of an integrated
circuit prepared by FIB milling.
The sample thicknessis 70 nm.
The dicelocation can be cho-
sen anywhere on the sample
and the preparation takes about
an hour to carry out.
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MST for Future Communications Products

elecommunications is

T one of the fastest
growingindustries. As

a vendor of communications
products, Nokia is actively
searching for new technologies
and solutions for wireless ter-

minals and network products.

Microsystems for Wireless and
Optical Communications
Future wireless terminals will
provide connectivity to new
type of services, data and im-
ages. In addition, the end-users
are interested in new function-
ality and features. Extreme
miniaturization of electronic
components and systemsiis re-
quired. Micro-€electro-mechan-
ical components and microsys-
tems provide possibilities for
reducing thesizeand cost of the
current implementations. They
also provide possibilities for
new architectures, e.g. of radio
systems and power manage-
ment. Furthermore, microsys-
tems enable integration of new
functionality into wireless ter-
minals.

Multi-mode terminals re-
quired for the operation in dif-
ferent radio interface standards
tend to increase the complexity
of radio interface implementa-
tion. Micromechanical compo-
nentscreate opportunitiestore-
duce the number of necessary
components in radio imple-
mentations by increasing the
level of integration and by cre-
ating possibilitiesfor tuning the

components. Device concepts
for micromechanical tunable
capacitors and switches, VHF
resonators and high Q valuein-
ductors exist. These elements
will enable new solutions for
fully 1C-integrated tunable fil-
ters, micromechanical mixers,
and voltage controllable oscil-
latorsin 1-2 GHz applications.
In the millimeter wave range,
integrated antennas, antennaar-
rays, tunable phase shifters, etc.
can also be realized by micro-
mechanics.

New technical solutions for
user interfaces and power man-
agement are required for future
wireless terminals. Microme-
chanical sensors and micro-
phones are avail able as compo-
nents, and they can be seen as
building blocks for more com-
plex smart systems consisting
of several integrated sensor el-
ements. Micromirrors create
new possibilitiesfor projection
displaysin wireless terminals.

In optical network systems,
the best existing solutions for
optical switching are based on
optomechanical switches hav-
ing limitations in accessible
switching speed and in the in-
tegration possibilitieswith oth-
er optical components. Severa
groups have aready developed
micromechanical optical
switches and prototypes of
small-scale switch matrices
(4x4). Micro-opto-€lectro-me-
chanica systems (MOEMS)
are clearly an aternative for a

faster and morereliable imple-
mentation of future optical net-
work elements.

New Requirements

Fabrication processes capable
of the large volume production
of micromechanical compo-
nents have been defined ac-
cording to the requirements of
the sensor applications. Com-
munications systems create
new requirements on microsys-
temtechnologies: 1) smaller di-
mensions, 2) new materials,
and 3) increased complexity.

At high freguencies, series
resistance, stray inductance,
and parasiti c capacitance deter-
mine the device performance.
Careful layout design may part-
ly solve the problem. However,
reguirements on the conductiv-
ity of thin filmsand the proper-
ties of dielectric materials are
morecritical thanthey areinthe
sensor applications. Necessary
dimensions are aso demand-
ing. For example, a capacitive-
ly coupled micromechanical
VHF resonator requires a sepa-
ration between the capacitor
plates of lessthan 1 um.

Both optica and RF mi-
crosystems require the integra-
tion of micromechanical com-
ponents into complex systems
together with integrated optics
or integrated circuits. Optimal
solutions for building mi-
crosystems based on both
monolithic and hybrid integra-
tion must be found. Flexibility

ekes, the Nationa
T Technology Agency, is
the main financing or-

ganization for applied and in-

dustrial R&D in Finland. The

funds for financing are award-

ed from the state budget.
Tekes has just launched a

new program, Presto, onMEM S

and related precision mechan-

ics. Itsgoals are to:

* create new components and
solutions based on MEMS

« facilitate the large scale use
of micromechanical compo-
nents

Tekes-Program

« develop Finnish research in
companies, research insti-
tutes and universities

« facilitate the implementa
tion of micromechanical
products in existing prod-
ucts

* create new businessin the
manufacturing, assembly
and design of micromechan-
ical products

Tekes' goals also include the
creation of aninternational net-
work of partnersto supplement
the national know-how, to edu-

cate for industry and research,
andtofacilitatethe exchange of
researchers.

The focusis not only on tra-
ditional micromachining but al-
soinrelated micro and precision
milled components, production
and auxiliary equipment.

Thetotal volumeof Prestois
160MFIM (roughly 26 MECU)
during the period 1999-2002.
Another program, EMMA,
which more focused on re-
search was presented in MSB
99:3.

Ari Lehto

to combine different functions
according to the requirements
of the particular application or
product is also needed.

MST Research at Nokia
Nokiaisstudying the use of po-
tential microsystems. Impor-
tant are to identify the key ap-
plications where microsystems
add valueto the end-user and to
determine how microsystems
should be used in new system
architectures. Nokiaalso seesit
as important to be capable of
designing and characterizing
MEMS components, aswell as
being capable of defining new
fabrication processes. The cor-
nerstone of our MEMSwork is
the collaboration with research
institutes, MEMS foundries,
and I1C vendors.

Tapani Ryhanen

Nokia Reserch Center
Phone: +358-9-43761
tapani.ryhanen@nokia.com

Companies and organiza-
tionsin Finland active in
microsystems technologies
include:

Vaisala Oyj
(www.vaisala.com)

VTI Hamlin Oy
(www.vti fi)

Okmetic Oy
(www.okmetic.com)

VTT Electronics Micro-
electronics Center
(www.vtt.fi)

VTT Automation
(www.vtt.fi)

Helsinki Univ. of Techn.
(www.hut.fi)

Univ. of Oulu (Microelec-
tronics lab., www.oulu.fi)
Nokia Research Center
(www.nokia.com)
Espoo-Vantaa | nst.of
Techn. (www.evitech.fi)
CSC Center for Scientific
Computing (www.csc.fi)
Tekes (www.tekesfi)
Academy of Finland
(www.akafi)

Otaniemi Technology
Park (www.innopoli.fi)

and many others.
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Bird’s Eye View of MST

Red-tailed hawk
(photo: Jim Morton)

MST, it issaid, is a maturing
field of technology, moving
from academia to industry.

The Global Scene
MST still attracts PhD students,
now perhaps more organized
onesin contrast tothewild ones
during the pioneering years.
Research as such is al'so more
organized and is approaching
big science. To run adecent re-
search program in MST today,
you need strategic support on
thenational, and even theinter-
national, level. Ten years ago
most decisions were manage-
ablewithinthelocal university.
Formerly cozy workshops are
now big conferences with hun-
dreds of participants and docu-
mentation requiring a CD for-
mat to be manageable.
Ontheother hand, for uswho
were present 15 years ago the
scenery isnot al that different.
Themaintopicsof scientificand
technological interest are still
valid, and many challenges re-
main just that. To name a few
‘eternal’ questions: When will
we see fully integrated mi-
crosystems, truly interchange-
able and mass-produced de-
vices comparable to resistors,
transistors and 1Cs found in the
electric domain, or universa
simulation and design tools?
True, wedid seeanumber of
significant breakthroughs. ‘Al-
most’ truly three-dimensional,

contact.se

National contact person:

Bertil Hok

Hok Instrument AB

Phone: +46-(0)21-80 00 99
bertil @hokinstrument.se

multifunctional, still  batch
processed devices, theexploita-
tion of the remarkable material
properties of silicon, and not
only silicon, and the creation of
extremely complex microsys-
temswith thousands of individ-
ual substructures. Some, if not
all, of us have been quite clever
and successful.

Meanwhile, industrial MST
development has, predictably,
become the silent workhorse
that does not receive the loving
care and attention it used to
when it was younger. Industri-
alists nowadays are more loud-
spoken about the high R&D
costs of MST devicesthan they
are about the fascination of the
technological  achievements
and possibilities. Some will ar-
guethat thisisabout time. Eco-
nomically speaking, we were
never very successful in gener-
ating large profits. The number
of MST hillionairesisnot large.

Still, the silent workhorse is
doing his job, planting ac-
celerometers, gyro's and mi-
cromotors in your car, tuning
forks in your watches, print-
heads in your PCs, pressure
sensors in your veins, drowse
aarms in your eyeglasses (if
you werenot alerted before...).

Sweden’s Role

What position will small coun-
tries, like Sweden, take on this
contradictable scene? Being
small also means having less
money than the larger nations.
Nothingisvery new here, itwill
probably be the same tomor-
row. On the other hand, a con-
soling fact is that the relation-
ship between R& D expenditure
and outcome is neither linear
nor monotonous. It may evenbe
negative.

Another thing that we cannot
say for sureisthat successismore
likely in the fields of our present
strength.  Swedish researchers
used to be pioneers in computer
science (inthe 1950's), itsindus-
try made a strong effort, and it
flopped. Instead, amost against
al odds, two Nordic countries
havetakenaworldleadinmobile
telecom. Was it predictable? In-
formed sourcesat Ericssonclaim
that it was, at least in one sense:
The anarchistic company regime
alowedthisactivity to grow, and
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build up strength. A very helpful
conclusion... . Having thus de-
preciated the value of predic-
tions, we should neither refrain
fromtrying to predict, nor intry-
ingtohel potherstoavoidthemis-
takes that we made.

A bird'seyeview of the pre-
sent Swedish MST arenalooks
as follows: Severa university
based research groups have ac-
quired international recogni-
tion. The activitiesin Lund and
Linképing have grown fast in
recent years, with chemical/
biosensors and nerve cell-sili-
con interfacing as important
highlights. In Go&teborg, new
automotive sensors have been
brought forward, and in Stock-
holm, microfluidic and other
devicesfor ' nanochemistry’ are
being developed. In the joint
Uppsala-Stockholm center of
competence, SUMMIT, strong
effortsaredirected towards* ex-
otic' materials such as poly-
mers, ceramics, quartz and dia-
mond. The PhD school, Ad-
vanced Microengineering
(AME), in Uppsala is directed
towards microsystemsin space,
medicine and optics. Sweden
hastwoindustrially orientedin-
stitutes: ACREQ in Stockholm,
and IMEGO in Géteborg.

Swedish industry has an
‘hour glass’ structure: Quite a
few important large companies,
a large number of very small
companies, and very few in be-
tween. The large ones with
strong MST interests are tele-
com, automotive, or pharma
ceutical. These companies are
acting on the global arena, both
in their marketing and in their
R& D activities. In order to stay
competitive, nothing but top
rank partnerswill beconsidered
for their strategic development.
More often than not, such part-
nerships are nonexclusive and
haveanetwork character. Erics-
son, to give one example, has
built up a tightly spun national
network during the last decade,
infiltrating all technical univer-
sities, institutionsand organiza-
tions on the national levels, in-
cluding the governmental.
What's good for Ericssonisal-
so good for Sweden?

Our large pharmaceutical
companies have, by and large,
left the country. Contradictory

Ruby-throated hummingbird
(photo: Terry A. Danks)

as it may seem, Swedish MST
may comeout asoneof thewin-
ners. The plans of the ‘left-
overs, Amersham-Pharmacia
Biotech and Biacore, appear to
possessall of theingredientsfor
future success (see page 21).
For small companies, thesit-
uationisdifferent. Most univer-
sity/small company relations
are bilateral, and strongly per-
sona. The role of universities
should not beto subsidize prod-
uct development. On the other
hand, without industrial rela-
tions, academicresearchwill re-
aly become academic. And
without the impulses from the
scientific frontline, fewer prod-
uct innovationswill be generat-
ed and pursued. Our ability to
successfully perform this bal-
ance act will determine the fu-
ture of MST in this country.

Future
What are the directions for fu-
ture research? Microtechnolo-
gy recently turned into nano,
will pico be the next? Probably
not. At least it will not be the
largest issue. Sizeisimportant,
but at some point, the invest-
mentsto carry thisone step fur-
ther will not be paid back. No
straight line, even Moore’s law,
goes on indefinitely.

Moreprobableisthat wewill
be forced to look upon MST in
anew perspective. One driving
force could be our understand-
ing of complex systems. What
makes living, biologica sys
tems viable? Why are our com-
puter networks so unreliable?
The answers to questions like
thesewill have profound impact
on MST evolution. New archi-
tectures for microsystems will
have to be developed. Perhaps
theArchitect of thesewill beour
Bill Gates? Will she be a
Swede? Why not?

Bertil Hok
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he history of Swedish
T R&D in microme-
chanics and MST

started asindustrial activities.
In the early 80's, Ericsson
Telecom developed a fiberoptic
switch based on a slicon V-
groovestructurethat wasmount-
ed in a conventiona relay. This
was probably the first Swedish
micromechanica product, and
was used primarily to achieve
redundancy in fiberoptic net-
works. Replacement of ablown-
out laser diode could then be
performed in a matter of mil-
liseconds completely automati-

caly.

At the sametime, ASEA put
in a substantial R&D effort in

cialy available. One of the ac-
celerometer designsused acan-
tilever beam of GaAs-AlGaAs
fabricated by selective etching.
The acceleration signal result-
ed from variations in re
flectance, and photolumines-
cence due to band-band recom-
bination in GaAs provided a

History.se

A fiberoptic ac-
celerometer with a
micromachined
cantilever beam
made of GaAs-Al-
GaAs, designed and
fabricated in 1983
(courtesy of ABB
Corporate Research).

properties of micromechanical
elements, and the development
of new speculativedevices. Ear-
ly highlights included the
demongtration of the superior
strength of silicon cantilever
beams, high-speed fiberoptic
multiplexing by means of asil-
icon scanning mirror, and a

fiberoptic sensors, which re- | referencesignal. fiberoptic pressure sensor for
sultedinafamily of systemsfor Academicresearchstartedin | biomedical applications, later to
measuring temperature, vibra- | 1984 asacooperative effort be- | be commercialized by Radi
tion, pressure, current, voltage, | tween ASEA and UppsalaUni- | Medical Systems.
and magnetic fields, among | versity. Two lines of research .
other parameters. A few of | started,includinginvestigations (Updated text from MSB 94:3)
these sensors are still commer- | intothemechanical and thermal Bertil HOk
: : M

Some M ST-active companies

and organizationsin Sweden: | M E G O

* ACREO (www.acreo.se)

» Amersham Pharmacia M E G

Biotech (www.apbiotech.com! G

www.mst.material .uu.se

www.ame.material.uu.se

www.summit.material .uu.se

* Biacore (www.biacore.com)

* CelsiusTech
(www.celsiustech.se)

* Chalmers
(www.ic.chalmers.se)

* Ericsson Components
(www.ericsson.se/components)

¢ IMEGO (www.imego.com)

* KTH (www.s3.kth.sefinstrlab)

* Linkdping Univ.
(www.ifm.liu.se/Applphys)

 Lund Univ.
(www.elmat.lth.se)

* RADI Medical Systems
(www.radi.se)

» Samba Sensors

(www.samba.se)

* Spectrogon (www.optics.
org/spectrogon)

* Telaire Europe
(www.telaire-europe.com)

 Uppsala Univ.
(www.mst.material .uu.se)

o XaarJet (www.xaar.se)

» Amic (www.amic.se)

and many more.
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ew, exciting, and ex-
N panding, IMEGO, a

new center for mi-
crosystems R& D, was founded
in 1998, with the ambition to
spearhead microsystems tech-
nology globally. Our activities,
of which 60% are contracts fi-
nanced by industry, focus on
sensor systems for the automo-
tive, environmental, security,
communications, and medical
industries. Our strategic loca-
tion on the Chalmers Universi-
ty of Technology campus in
Gothenburg makesusadynam-
ic link for microsystems be-
tween industry, academia, and
government.

THE IMEGO INSTITUTE
Phone: +46-(0)31-750 1800
info@imego.com

A CREO AB isamerger
between IMC (Indus-

trial Microelectronics
Center) and IOF (Ingtitute of
Optical Research). Through
this merger a powerful indus-
trial research ingtitute, compa-
rable with the best onesin Eu-
rope, is formed. The organiza-
tion is a liability-limited com-
pany owned by an industry
group, FMOF, and the state-
owned holding company,
IRECO. ACREO has 130 em-
ployees in Kista and Norr-
kodping.

ACREO specidizesin mar-
ket-driven applied research, de-
velopment and consulting ser-
vices in microelectronics and
optics. ACREO aso carries out
small-scal e production asanat-
ural step after a successful de-
velopment project. A basicmis-
sion for ACREO is to create a
fruitful cooperation between
universities and industry. Re-
search results from universities
should reachindustrial applica-
tions, and demandsfromindus-
try should have influence on
university-based research.

ACREO has seven depart-
ments: Imaging, Photonics,
Interconnect and Packaging,
Silicon Carbide Electronics,
Microsystem, Surface Charac-
terization and Business Ser-
vices.

The rapidly expanding Mi-
crosystem department today
has a total of 20 employees
working in two different
groups, development and pro-
ductification. Typical applica-
tion areas are sensors, optical
microbenches, microfluidics
and RF-MEMS based on sili-
con technology.

Edvard Kéalvesten
Phone: +46-(0)8-632 77 93
edvard.kalvesten@acreo.se
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Silicon Technology Forever?

he answer to the ques-
T tion in the heading
above is obvious to
many people. It certainly seems
obviousto me. But lately | have
cometo realize that the answer
isnot at all obvioustoeveryone,
and there exist trends which,
taken by themselves, appear to
contradict my own conviction.
The Editor of this Newsletter
has for some time now tried to
persuade me to give my own
view on the issue. Though |
have been hesitant, feeling that
| would just kick down an open
door, | will here try to express
my thoughts about it.

Inertial Mechanisms
Stone was the basis of our
primeval materials technology
many thousands of years ago.
Looking around, we still find
stone to be a very important
construction material in roads,
dams, buildings etc. Stone-
based composites such as
bricks, tiles and concrete are
produced in huge quantities.
The Stone Age actually never
ended, it is still with us, as are
all of the other stages of tech-
nological development in hu-
man history. Similarly silicon
technology is here to stay. But
to achieve better and better
functionality and ever higher
efficiency (technical aswell as
economical), and to conquer
new application areasfor M ST,
aternative materials and new
technologies must be added.
But there existsinertial mecha-
nisms in the MST community
opposing such a devel opment.
Let me illustrate this point

with an example from a com-
pletely different fieldinthema-
terials science ream. From a
materials technology view-
point, modern ceramic toolsfor
metal cutting are inherently su-
perior to the conventional high-
speed steels(HSS). For thisrea
son, ceramicswere predicted as
far back asthe seventiesto take
over the cutting tool market.
But this did not happen, main-
ly becausethehugecompetence
and know-how existing in the
HSSfield madeit possible, time
andtimeagain, to* sharpen” the
HSSjust enough to maintain an
advantage over the new ceram-
ics. In microelectronics, a sim-
ilar situation has existed in the
relation between siliconand the
I11-V compounds, for instance.

Silicon? Yes, but not Always!
The question is: will the same
thing happen on the MST
scene? Will the enormous pre-
viousinvestments and accumu-
lated know-how in silicon tech-
nology effectively suffocate al-
ternativematerial sand new pro-
cessing for MST?
Somesuchtendenciescanbe
seen, but till 1 do not believe
that this will happen. The rea-
son can be condensed into one
sentence: The extreme diversity
of MST. In the HSS vs. ceram-
ics conflict, the objective is ef-
ficient metal cutting, nothing
else. Inthesiliconvs. 111-V con-
flict, the objective is efficient
signal processing, period. Inthe
case of MST, on the other hand,
aplethoraof objectivesexistin
a broad variety of disciplines
and application areas, not only
in engineering. Silicon certain-
ly is a wonderful material, but
no single material is superior
enough to meet all the diverse
demands appearing in MST.
Recent development in
watch resonators and microgy-
ros for automotive applications
give illustrative examples of
how an inherently superior ma-
terial — in this case crystalline
quartz — is challenged by sili-
con. Quartzisdominantinthese
applicationstoday, being an ex-
cellent materials choice for
such components. But looking
at the recent publications and
industrial efforts, it is obvious
that siliconisgaining groundin
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spite of its fundamental short-
comings. The reasons are of
economical nature, processing
and integration advantages, etc.
It is probable that silicon will
“win” thiscontest in the case of
modest performance require-
ments, but that quartz will stand
itsground in high-performance
resonators.

New Materials Technologies

| wish to highlight another two
emerging materials technolo-
giesfor MST fromtwo extreme
ends of the materials property
map. Both are based on mi-
croreplication from silicon pre-
forms, hence illustrating how
“old” technology providesaba-
sis for advanced, new technol-
ogy.

My first example is dia-
mond. Diamond displays ex-
treme properties. it has the
greatest hardness, highest heat
conductivity, lowest friction
and widest optical transparency
window of al materials, yet
is chemically inert and insulat-
ing but can be made to be semi-
conducting. Today, this re-
markablematerial may berepli-
cated at reasonable cost levels
from micromachined preforms
of other materials using vapour
deposition techniques. Silicon
is an excellent preform materi-
a, which can be easily micro-
machined with high precision,
and the diamond replicas are
true to shape with high accura-
cy. Multilayer and sacrificia
layer processing is possible,
and high-aspect ratio structures
and hollow structures such as
tubes and capillaries can be
achieved. It is also possible to
make the diamond surfaces hy-
drophilic for microfluidic ap-
plications. Numerous applica-
tions can be envisaged in mi-
crooptics, microfluidics, mi-
crotribology, microcooling sys-
tems, microtools for secondary
replication, microanalysis sys-
tems etc.

My second example is mi-
croreplication in polymeric
materials. It is probable that
significant contributions to-
wards future MST are to be
found in this field. It exploits
the literally endless variety of
material properties possible to
achieve by advanced polymer

synthesis and compounding. It
also opensupthepossibility for
high-volume, low-cost, mass
production of MST compo-
nents in telecom, microoptics,
sensor technology, medical
analysis and many other areas.
The telecom industry provides
one good example. In order to
realize cheap broadband com-
municationswith global cover-
age, theworld hasto becovered
by a finemeshed network of
singlemodeoptical fibers. This
network must include vast
numbers of fiberoptical mod-
ules and interconnects. Even if
theseare possibleto designand
batch fabricate in silicon, the
price per piece will be too ex-
cessive. The solution might be
to mass-produce them cheaper
in polymeric materialsby ami-
croreplication technique, simi-
larly to how the optical track on
CD records is mass duplicated
today.

In Conclusion ...
... silicon technology ishereto
stay, we al know that, but there
isno reason to go fundamental -
istic about it. Much of future
MST will be based on non-sili-
con technology, and only limit-
ed parts of today's silicon-
based MST will be prominent
in the future.

Jan-Ake Schweitz

MORE MST-READING

M ICROMACHINE (Japan)
www.iijnet.or.jp/MMC/
magazine.htm

Micromachine Devices
(USA)
r.cassidy @cahners.com

mstnews (Europe)
www.vdivde-it.de/mst/
IMSTO/mstnews.html

Journal of Microelectro-
mechanical Systems
www.ieee.org/pub_preview/
mems_toc.html

Journal of Micromechan-
icsand Microengineering
www.ioppublishing.com/Jour-
nals/Catal ogue/IM/

Sensorsand Actuators A
www.elsevier.nl/locate/sna
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Words You Might Wonder About

Actuator: Device converting
energy (electric, chemical, etc.)
into mechanical work.

AFM: Atomic Force Mi-
croscopy. Visualizes features
on an atomic scale.
Anisotropicetching: Direction-
dependent etching. Often based
on the periodic order of crys
talline materids (anisotropy).
Anisotropy: Different materi-
al or processing properties in
different directions.

Anodic (field-assisted) bond-
ing: Bonding conductive to
non-conductive materias (e.g.
silicon to glass) using heat and
high-voltage-generated  elec-
trostatic forces.

ASIC:  Application-Specific
Integrated Circuit. Chip spe-
cidly designed for a certain
customer and application.
Batch: Production of many
components at the same time.
Bonding: Joining of partsin a
permanent way.

Bulk micromachining: Tai-
loring structures by machining
awafer'sinterior.

Cleanroom: Ultra-clean area
with a controlled environment.
CMOS: Complementary Met-
al Oxide Semiconductor. Type
of integrated electronics often
used in one-chip solutions.
CVD: Chemical Vapor Deposi-
tion. Deposition through chem-
ical reactions at the surface.
Dielectric material: A non-
conducting material.

Direct wafer bonding: Bond-
ing waferswithout using anin-
termediate adhesive material.
Dry etching: Processes based
on chemically aggressive gases
(e.g. RIE), plasma, and parti-
cle-bombardment.

EDM: Electro Discharge Ma-
chining. Milling using electric
sparks.

EDP: Ethylene Diamine Pyro-
catechol. An adternative to
KOH for wet etching of silicon.
Electroplating: Deposition of
metalsusing an electric current
and an €electrolyte solution.
Electrostatic force: Mechani-
cal force caused by a voltage
between two el ectrodes.
Epitaxy: Atomby atomgrowth
of layersthat adjust to the crys-
tallographic orientation of the
substrate (asingle crystal).
Etch stop: Technique of stop-
pingtheetching at well-defined

locations, e.g. at silicon-insula-
tor interfaces or P-N junctions
in semiconductors.

Etching: Removal of material,
often with chemical processes.
Evapor ation: Deposition using
aheated sourcethat sublimateor
boil. Low pressure ensures high
directionality of the vapor con-
densing at the substrate.

Fab: Factory for microstruc-
tures (nickname similar to lab).
FEA & FEM: Finite Element
Analysis & Method. Simula-
tion procedure for analyzing
multi-physics behavior.

FIB: Focused lon Beam. Fine-
ly focusedion beam (often Ga*)
used for imaging, milling and
deposition.

Fused silica: Non-crystalline
(amorphous) quartz.

GaAs: Gallium Arsenide. Semi-
conductor with optica and
piezoelectric properties.

HF: Hydrofluoric acid. Ingre-
dient in etchants that attack
SiO, (incl. quartz).
Hydrophilic: A drop of water
will wet a hydrophilic surface.
Hydrophobic: The oppositeto
hydrophilic.

Isotropic etching: Direction-
independent etch-speed.

KOH: Potassium Hydroxide.
The most common etchant for
wet etching of silicon.

LCVD: Laser-assisted CVD.
LIGA: Lithographie, Gal-
vanoformung, Abformung.
Synchrotron radiation is used to
form high-aspect ratio polymer-
iCc structures suitable for metal
filling by electrodeposition and
as masters for replication.
Lithography: Copying a
mask-pattern onto a surface,
e.g. using light or X-ray.
Lorentz force: Mechanical
force caused by an electric cur-
rent in amagnetic field.
LPCVD: Low Pressure CVD.
Mask: Pattern to be copied
with etching or deposition.
MCM: Multi Chip Module.
MEMS: MicroElectroMechani-
ca System (see M ST). Acronym
primarily used in U.SA.
Micromachine: See MST.
Word primarily used in Asia.
Micromachining: Processes
for microstructure fabrication.
Originating from the semicon-
ductor industry’s processes.
Microstructure: Structure
featuring small geometries
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(sub-pm to mm). Often fabri-
cated using micromachining.
Microsystem: System includ-
ing one or more microstruc-
tures or assembled using mi-
crotechnology.

U-TAS. Miniaturized Total
Analysis System. Integrated
chemical sensor system.
MOEMS: MicroOptoElectro-
Mechanical System.

MPW: Multi Project Wafer.
Several projectssharethe space
and cost of awafer.

M SB: Micro StructureBulletin.
M ST: MicroSystem Technolo-
gy (regionally also MicroStruc-
ture Technology). See micro-
system. Acronym primarily
used in Europe.

MSW: Micro Structure Work-
shop. Nordic biennial work-
shop first held in 1994.

OEM: Original Equipment
Manufacturers sell to system
manufacturers instead of di-
rectly to customers.

One-chip solution: Sensor €l-
ement and its electronics inte-
grated on one chip.

PCB: Printed Circuit Board.
Photoresist: Substanceused to
protect areas not to be etched.
Patterned via lithography fol-
lowed by removal (etching) of
exposed (or unexposed) aress.
Piezoelectricity: Mechanical
stress generated by electric
field/charge, and vice versa
Present in strongly anisotropic
dielectrics, e.g. quartz.
Piezoresistance: The depen-
dence of resistivity on mechan-
icad stress. Involves mainly
semiconductors, e.g. silicon.
Plasma: Cloud of ionized gas
and electrons.

Polysilicon: Silicon consisting
of crystalline grains. Often de-
posited viaCVD or PVD.
PVD: Physical Vapor Deposi-
tion. Deposition processessuch
as sputtering and evaporation.
PZT: Lead Zirconate Titanate.
Large-strain piezoelectric ce-
ramic.

Quartz glass: Seefused silica.
Quartz: Crystalline SiO,. An
inert, highly stable, and piezo-
electric material.

Replication: Duplication of an
original using casting, emboss-
ing or molding.

Resonator: Mechanical struc-
turethat vibrates, sometimes at
aresonance frequency.

RIE: Reactive lon Etching.
Dry etching based on a plasma
withchemically activegasions.
Sacrificial layer etching: Re-
moval of a buried fast-etching
layer used, for example, to cre-
ate freely movable structures.
SEM: Scanning Electron Mi-
croscopy. Featurestoosmall for
optical microscopy made visi-
bleby scanningthesamplewith
an electron beam.

Sensor: Device providing use-
ful output to a specified stimu-
lus. May react also to other
stimuli, e.g. temperature.
Silicon fusion bonding: High-
temperature hermetic bonding.
Its atomic nature means high-
quality bond interfaces.
Silicon: The most popular ma-
teria in micromachining.
SME: Small to Medium-sized
Enterprise (company).

SOI: Silicon On Insulator. An
oxide layer sandwiched be-
tween two silicon layers, used
in etching as an etch stop barri-
er and sacrificial layer.
Sputtering: Deposition based
on bombarding asourceby ions
fromagasplasma. Knocked out
atoms lose their directionality
when passing through the plas-
maontheir way tothesubstrate.
Stiction: Undesired adhesion
of movable solidsin very close
proximity, caused by forces
suchasVander Waals, capillary
and hydrogen bridging.
Surface  micromachining:
Forming structures via deposi-
tion and etching of thin layers
on the wafer’s surface.

TEM: Transmission Electron
Microscopy. Visualizes details
in thin glices via the transmis-
sion of an electron beam.
Transducer: Device, eg. sen-
Sor or actuator, converting en-
ergy from one domain to an-
other, calibrated to minimize
CONversion errors.

Wafer: Thin dlice of material
suitable for batch processing.
Normally circular with diame-
tersin the 50-300 mm range.
Wet etching: Etching using
chemically aggressive liquids.
Wire bonding: Making elec-
trical connection by attaching
thin gold or aluminum wires.
Yield: Fraction of functioning
components after processing.

Jan Soderkvist
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icrosystems technolo-

History.dk
R

late. Nevertheless, it is today
one of thefocusareasin the na-
tional research strategy of the
National Research Councils.

Early activitiesinvolved on-
ly the former Semiconductor
Laboratory Institute at the
Technical University of Den-
mark (DTU), in collaboration
with Ferroperm A/S and Briel
& Kjaa A/S. A coordinated na-
tional effort emerged after the
formation of an MST group at
Danfoss A/S at the end of the
eighties, and the establishment
of MIC in 1990. The establish-
ment of MIC was based on a
governmental analysis of Den-
mark’s industrial  potential
within microelectronics and
microsystems. DELTA started
activities within the MST area
inmid-90's.

Some M ST-active compa-
nies and organizationsin
Denmark:

 Briel & Kjea
(www.bk.dk)

* Danfoss
(www.danfoss.com)

* DELTA
(www.delta.dk)

* Dicon (hh@pe.dk)

*DME
(www.dme-spm.dk)

* Grundfos

(www.grundfos.com)
e HMT

(jk@mic.dtu.dk)

* |bsen
(www.ibsen.dk)

* lonas
(www.ionas.dk)

e MIC (www.mic.dtu.dk)

* Microtronic
(www.microtronic.dk)

* NKT Research Center
(www.nkt-rc.dk)

* Topsil
(www.topsil.com)

and several more.

ikroelektronik Cen-

M tret, MIC, is an au-

tonomous  research

center for advanced microtech-

nologies in semiconductor ma-

terials, which currently has ap-

proximately 70 employees and

PhD students. MIC is affiliated

withDTU and hasa3-fold mis-
sion:

* education of engineers with-
in the framework of DTU

* scientific research at the
front edge

« technology transfer to
Danish industry through
joint research projects

MIC has a 560 m? cleanroom
with state-of-the-art silicon
processing facilities, in addi-
tion to well-equipped charac-
terization laboratories. MIC
hasbeen operational since 1992
with an initial budget for in-
vestment in laboratory space of
60 MKR, for equipment of 60
MKR, and for recurring ex-
penses of 24-27 MKR/year.
This budget is supplemented
with support from DTU.

Initsfirst phaseof existence,
MIC has built up basic compe-
tencein silicon processing in a
national collaboration project
with the Danish companies
NKT Research Center, Dan-
foss, Grundfos, Briel & Kjar
and Topsil.

Inits second phase MIC, has
focused on research and innov-

aive technology development
projectstogether with arange of
Danish companies including
Microtronic, DME—-DanishMi-
croengineering, Grundfos, Dan-
foss, aswell asthe serviceinsti-
tute DELTA and the Institute for
Processing Technologies (IPT)

a DTU. In the meantime, MIC
anditspartnershaveentered col -
laborations with microsystems
manufacturing sites in Europe,
among others is the Europrac-
tice's Nordic Manufacturing
cluster NORMIC (MSB 98:1)
and the ESPRIT project HIS
TACK inthe4th Framework Pro-
gram (MSB 98:2), and recently
in NORMIC2 and SESiBon in
the 5th Framework Program.

MIC currently trains approx-
imately 10 master, 10 PhD and 5
post-doctoral researchers. MIC
iscommitted to doublethesefig-
ures over the next 4 years.

Sebe Bouwstra

MIC's office
building

COM’s office
building

MIC's clean-
room facilities

The CAT
building

The cleanroom
extension for
prototyping
(projected)

Neuw Initiatives

COM: MIC's photonics re-
search program has joined
forces with telecommunication
programs at other DTU insti-
tutes to form the COM Center
(Communication, Optics and
Materials). The COM Center is
located in DTU-owned build-
ings adjacent to MIC. For inte-
grated optics technology COM
researchers continue to use
MIC’s cleanroom facilities.

CAT (Center for Advanced
Technology) established an in-
dustrial researchofficebuilding
in 1998, including microsys-
tems and photonics packaging
laboratories. MIC'sand COM’s
industrial partners are now
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housed together under one roof
in the new CAT building at
DTU also adjacent to MIC.

Sensor I nitiative: The Council
for the Advancement of Indus-
try (Erhversfremmestyrelsen)
has initiated a program called
Sensor Initiative. The program
will run for 4 years from the
summer of 1999 onwards, and
isfunding so-called Centercon-
tract collaborations between
service centers (eg. DELTA
and FORCE) and industry, as
well as industrial PhD educa-
tion. An agency called the Cen-
ter for Sensor Technology has
been established which coordi-
nates existing sensor activities

at 5 Danish service ingtitutes
and administers the above-
mentioned funded projects.

Start-up companies. The year
between thesummer of 1999and
the summer of 2000 has wit-
nessed the establishment of 4
start-up companies a MIC.
Withintheareaof MST thestart-
up company HybridMicro Tech-
nologiesApSwasestablishedon
July 1, 1999 with Jochen Kuh-
mann asdirector. HMT provides
services in advanced stacking
and metallization technologies
for MEMS and optoelectronic
systems, and has products under
development.
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MST-Structure in Denmarlk

enmark haspractically
no background in mi-
croelectronics manu-

facturing. Starting amicrotech-
nology-based industry in the
country can, therefore, be
likened to a bootstrapping ex-
ercisewhereMICisexpectedto
play acentral, catalytic role.
The specific way in which
MIC and industry collaborate
can be expressed by stating that
MIC is not working for indus-
try but with industry. Collabo-
ration projectswithindustry en-
sure that the companies them-
selves build up expertisein mi-

contact.dk

National contact person:

Sebe Bouwstra

MIC, DTU

Phone: +45-45 25 63 06
sb@mic.dtu.dk

crotechnologies, while MIC
gives egua weight to al three
aspects of itsmission (seeleft).

Microsystem Technologies
isnow one of thefocus areasin
the national research strategy of
theNational Research Councils.

Industrial Participation

All major collaboration pro-
jects have at least two industri-
al partners, rather than only
one, ensuring that such projects
deal with innovative technolo-
gies and demonstrators rather
than products. A particularly
important feature of the MIC
model is that many of the in-
dustrial researchers working
within these collaboration pro-
jects are stationed at the insti-
tute.

The Danish governmental
funding programsfavor public-
private collaboration where the
partners are on an equa foot-
ing. The absence of large com-
panies in Denmark and the
abundance of small and medi-

um sized enterprises may bean
explanation for the existence of
this type of program. Also,
most of Danish industry is ex-
port-oriented and typically op-
eratesinnichemarkets. Asare-
sult, many of these companies
do not have competitors in
Denmark and are, therefore,
willing to collaboratewith each
other. Besides, a large part of
theequity inthesecompaniesis
in Danish possession. All inall,
exposure in collaboration pro-
jects does not render Danish
companies vulnerable.

PhD Collaborations

Most of MIC's industrial part-
ners have first started collabo-
rations with MIC through Den-
mark’s industrial PhD educa-
tion program. In this program,
the candidate is hired by the
company for the 3-year dura-
tion of the education, and the
education covers academic as
well as industrial aspects, in-
cluding thesis work.

In most cases, these smaller
collaboration projects result in
larger collaboration projects.
Also, established partnersoften
initiate further PhD education
projects within microsystems
in order to evaluate new direc-
tions for the company.

Benefits

Asaresult of the direct collab-
oration between MIC and in-
dustry as sketched above, in-
dustry isableto sharetechnical
information, MIC staff is kept
awareof thechallengesthat pri-
vate companies face, and stu-
dents learn about these chal-
lenges first hand from direct
contacts with industrial re-
searchers. A bonusof thismod-
e isthat recruitment by thein-
dustrial partners is highly ef-
fective. Aboveall, by operating
as a group, Danish companies
gain clout when dealing with
MST manufacturing sites.

Sebe Bouwstra

Prototyping: a Necessary Bridge

xperience in the past
E few years has shown
that it isdifficult to re-

peat the successful fabrication
of a demonstrator. Therefore,
MIC hasrecently initiated pro-
totyping activities. On Febru-
ary 1%, 1999, MIC, the service
institute DELTA, and the pri-
vate companies Danfoss A/S,
Grundfos A/S and Microtronic
A/S launched the 3-year col-
laboration project, SUM. The
objective of this project is to
bridge the gap between the re-
search these companies have
been doing at MIC and the in-
dustrial production at a silicon
foundry by focusing on one
demonstrator device for each
company.

Within this project MIC is
extending its processing capac-
ity. In particular, plans have
been made to extend the labo-
ratory space with an extra 400
m2 of cleanroom. Construction
of this new facility, which will
be largely dedicated to proto-
typing, is planned to begin in
the year 2000. However, even

before the new facility is avail-
able, MIC has launched an in-
ternal prototyping project to
streamlineits process informa-

Photo: Karsten Damstedt

tion flow, and dedicated some
of its equipment to optimized
reproducibility rather than op-
timized flexibility. These activ-

ities are closely coordinated
with the SUM project.

DELTA focusesonthepack-
aging of microsystems (e.g.
through conductive adhesive
technologies), on development
of known-good-die (KGD)
testing schemes of MST com-
ponents, and on building up
competence in reliability and
failure analysis of microsys-
tems. Theseareimportant areas
for taking the step from MST-
demonstrators, via prototypes,
over to production.

With the launch of the pro-
totyping activity, MIC expects
tolift Danish competenceinmi-
crosystem technologies further,
and to shift part of microsystem
development from wafer pro-
cessing and chip handling to
CAD-tool based development.
The long-term objective is to
lower the entrance barrier for
newcomers in this technology,
so that arange of microtechnol-
ogy based products and compa-
nies take root in Denmark.

Sebe Bouwstra
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Replication - the Future of MST?

breakthrough for
A emerging MST-appli-

cations in the biomed-
ical and telecommunication ar-
eas is predicted in the coming
years. These applications in-
volve, for example, microflu-
idics and micro-opto-mechan-
ics for which techniques other
than conventional high-cost sil-
icon or glass/quartz microma-
chining are needed. Here, dif-
ferent replication techniques
are predicted to provide an en-
abling tool for future success.

MST in Life Science
Today, strong efforts are fo-
cused on the miniaturization of
systemsusedinthelifesciences
market. The main driving force
for biotech companies are high
throughput per time unit, small
samplevolumes, and integrated
functions. To fulfil these crite-
rig, low cost mass-production
of disposable micromachined
devicesiscrucial.

A strong network has been
established in the Uppsaa-

Stockholm region within the
medical and biotechnology
fields. Both larger multination-
al and smaller start-up compa-
nies, which havetheknowledge
and capability to develop and
produce the needed microsys-
temsandinstruments, arefound
in this region. Two semicon-
ductor laboratories for R&D
and small-scale production are
avalable (ACREO  and
Angstrom), aswell asmasspro-
duction capabilities for repli-
cated M ST-products (Amic).

Why Replicated MST?
The main advantages with
replicated MST are:

¢ Cost effectiveness
e Choice of material
¢ Integrated functions
¢ Sizeindependence

In massproduction the cost sav-
ings can be on the order of 100
to 1000 timesfor thereplicated
component compared to com-
ponents made from traditional

HISTORY OF REPLICATION

In 1838, a report on the re-
production of objects by
electroforming wasfirst pre-
sented. Some 80 years later
the plastic revolution started
slowly with bakelite partsfor
electrical insulation.

Two decades later, elec-
troforming and plastic em-
bossing merged in a mass
product called the ‘vinyl
disc’ for music distribution.
The precision of themodul a-
tion of thegrooveswasinthe
sub-micron range. This was
probably the first object
where microreplication pre-
cision by today’s standards
was achieved. Information
storage demands have there-
after been one of the drivers
in replication process devel-
opment for small structures,
especialy after theintroduc-
tion of the CD-platform (in-
jection molding and nickel
mold inserts). (MSB 97:1)

At the same time as the
CD wasintroduced, thehigh-
precision LIGA process for
creating 3D microstructures

emerged. Its high mastering
cost (X-ray lithography)
made replication of the parts
necessary inorder toreachan
affordable cost-level for the
fabricated component. Also,
here electroplating of the
masters was used to create
the mold, which then was
filled with various polymers.

In the 90’s, devel opers of
silicon micromachined de-
vices began to look towards
replication in order to ap-
proach the broad market seg-
ments where both precision
and low priceareamust. The
standard recipe for bringing
the cost down for silicon
based components has been
to miniaturize. However, not
al M ST-applicationscanfol-
low that recipe (e.g. most flu-
idic applications) which
opens up for replication as
the cost-saver.

Ove Ohman, Amic AB
Phone: +46-(0)18-14 32 25
ove.ohman@amic.se

silicon, glass or quartz based
microtechnologies. Also, the
possibility to replicate mi-
crosystems in different materi-
als enables enhanced and even
new functionality. New features
can beintegrated either into the
master or into the molding
processin a cost-effective way.
Thereplicated partsdo not nec-
essarily need to be small. Inte-
gration can be facilitated easier
via ‘designing for assembly’
when using replication than
with traditional silicon micro-
machining.

Basics in Microreplication
Thefirst step in the replication
processisto fabricate amaster.
Several micromachining tech-
niques are available. Silicon
based processes, such as
anisotropic/isotropic wet etch-
ing and deep RIE, are com-
monly used. Other |C-based
lithography processes used are
e-beam, laser and UV-exposure
of thick resists. Also, sophisti-
cated conventional workshop
tools, e.g. micro-milling and
micro-EDM, are important
complementary techniques in
order tofabricatemicromoldin-
serts with an interface to the
macroscopic world.

The second step often in-
cludesel ectroforming of amold
insertinarigid material that can
withstand the molding process.
Electroplating of nickel is most
common, but other metals can
be electroformed in addition.

The master structure is
thereafter replicatedinamicro-
molding process. Normally in-
jection molding, hot embossing
or casting is used (MSB 96:3).
A wide range of thermoplastics
and UV or thermally cured plas-
tics are available. Microstruc-
tures with filled polymers, and

even ceramics, are possible to
fabricate. In addition, by re-
peating the electroforming
process, metal microparts can
be replicated with extremely
high accuracy.

Finally some kind of post
processing is often needed. Ex-
amples include the deposition
of metal films for electrica
connection or optical reflec-
tion, chemical treatment for
surface modification, mechani-
cal drilling of holes for liquid
interfaces, bonding for closing
structures, and filling capillar-
ies for optical waveguides.

Future Challenges

A few replicated M ST-products
can be found today on the mar-
ket, particularly inlow-cost dis-
posable and consumer applica-
tions. The big challenge re-
mains to implement the tech-
nology in a wider field of ap-
plicationsandtobuildareliable
production.

Future R& D includes repli-
cation of more advanced mate-
rials. The increasing demands
for thermal/mechanical stabili-
ty and integrated electrical/op-
tical functions, etc, necessitates
combining polymer based com-
positesand compounds, aswell
asnon-plastic materialssuch as
metals, alloysand ceramics, in-
toasinglereplicated microsys-
tem. Developers and producers
with skills in a variety of
processes will be able to man-
ufacture high quality replicated
microsystems cost-effectively.

Replicated MST will cer-
tainly be one important factor
in bringing microsystemstothe
people.

Olle Larsson, Amic AB
Phone: +46-(0)18-14 32 24
olle.larsson@amic.se
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Microfluidics on a Plastic CD

here is currently a
T strong industrial drive
for exploiting mi-
crofluidics in the fields of life
science. The main reasons are
the possibility to boost sample
throughput and to reduce the
overall cost of samplesand con-
sumables. For example, auto-
matic microscale devices can
providethe meansfor the ultra-
high throughput screening of
samples (combinatorial, ge-
nomic and proteomic). Other
important reasons are the pos-
sibility to analyze extremely
small quantities of materials as
well asto create integrated dis-
posable devices at low cost.
Weat Amersham Pharmacia
Biotech (APB) are investigat-
ing replication techniques on
polycarbonate and other poly-
meric materialsin combination
with microstructuresfabricated
by silicon micromachining.
Thework isperformed partly in
collaboration with Amic AB
and ACREO AB. A microflu-
idic platform, to be used in nu-
merous applications, is devel-
oped based on microreplicated
compact discs (CDs), in which
centrifugal forces are exploited
to propel liquid through various
fluidic channels.

Liquid Interfacing of CDs

The ability to carry out assays
in parallel in a microarray for-
mat is essential for the success
of a high throughput analysis
system. To address microflu-
idic channels and arrays with a
high degreeof precisionand ac-
curacy, piezoelectric microdis-
pensers are being developed by
APB, in collaboration with
Lund University and ACREO.
These permit the precise place-
ment of dropletsin the picoliter
to nanoliter range, at arate of a
few kHz, without touching the
target. By the drop-on-demand

An injection molded polycar-
bonate microstructure.

technique a certain predefined
number of drops may be deliv-
ered, up to a flow rate of ap-
proximately 1 ml/min.

Some CD Applications

There are many applications
where we believe our CD ap-
proach will extend the limits of
pharmacological research,
some of which are given below.

Cell Based Assays
Miniaturized cell culture assays
can offer new efficient toolsand
provide more information in
primary and secondary screen-
ing, for example where cell
availability islimiting. A small
volumeal so maximizesthecon-
centration of an analyte or mes-
senger molecule, thus enabling
detection of the molecule or its
actionson asecond cell popula-
tion. Other applications are
where the physical scale of the
structuresimulatesaphysiolog-
ical environment, such as adhe-
sionin cell lined capillariesand
applications requiring very
rapid addition of test agents to
cells(e.g. 50 mstimeresolution)
with simultaneous measure-
ment of the response.

SN\Ps

Pharmaceutical companies
right now compete using phar-
macogenomics (the under-
standing of the correlation be-
tween a patient’s genotype and
their response to drug treat-
ment) to find new drug candi-
dates.

The exploitation of single
nucleotide polymorphism
(SNPs) in pharmacogenomics
reguires accurate and cost-effi-
cient methodsfor the scoring of
multiple SNPsinlarge numbers
of samples. This requires are-
duction in scale to ensure low
sample and reagent use, aswell
as integration and automation.
In our CD approach, sample
clean up, amplification, and
analyseswill beintegrated, pro-
viding for faster processing
times with nanoliter reagent
consumption. The principle of
pyrosequencing™ on a solid-
phase is used as the detection
method.

PCR
The low thermal mass of a CD
microchannel can provide very
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rapid response to parameters
such as temperature changes.
We have used the polymerase
chain reaction (PCR) to ampli-
fy DNA in microfluidic CD de-
vices with volumes in the 100-
500 nanoliter range.

Opportunities

It is now indisputable that mi-
crofluidics offers extensive op-
portunities for life science ap-
plications, and that miniaturiza-
tion and high reliability are key

factors for success in a market
where increasing demands are
put on cost, assay speed and
throughput.

Amersham Pharmacia Biotech

Marten Sjernstrom

Phone: +46-(0)18-6120 134
Marten.stjernstrom@eu.
apbiotoch.com

Lars Rosengren
Phone: +46-(0)18-6120 670
Lars.rosengren@eu.apbiotech.com

EXPANDING INTEREST

Several additional companies in the Uppsala-Northern
Sockholm region are interested in micro-replication:

Biacore (formerly Pharma-
cia Biosensor) was founded
in 1994 as a spin-off from
Pharmacia. Their mission
was to utilize the latest tech-
nology advancesto construct
instruments able to measure
biological activity. Silicon
micromachining wasconsid-
ered fromthestart andisnow
a strategic know-how, espe-
cialy for creating molds for
some of the optical and fluid
components in their instru-
ments. A challengeistocom-
bine amore efficient produc-
tion with higher precision
and new functionality. Repli-
cation of microstructures
meets this challenge.

Ericsson: The (tele)commu-
nication industry is rapidly
moving towards high band-
width. Reducing cost for in-
expensive optical compo-
nents, such as fibers and ac-
Cess components, is a neces-
sity. Plasticreplication might
proveto beavery interesting
step in this direction (see
MSB 97:1).

PyroSequencing was
formed in 1997 as a spin-off
company from KTH. This
company intends to make
simple, accurate and high
throughput DNA sequencing
quickly available to the ex-
panding genomics and phar-
maceutical research sectors,
and later to the emerging

medical diagnostics seg-
ment, a potential multi-bil-
lion dollar market (see above
text from APB).

Toolex Alpha develops and
manufactures equipment for
information storage on opti-
ca discs (CD, DVD, etc)
(MSB 97:1).

Xaar Jet AB (formerly MIT)
focuses at producing print-
heads in high volume (MSB
99:2). Although being small-
dimensioned devices, suit-
able materials are not easily
micromachined.  Materia
characteristics make silicon
less attractive. On the other
hand, plastic replicated parts
offer opportunities.

Amic AB provides technol-
ogy aswell as production ca-
pacity for replicated poly-
meric and metallic MST-
products (MSB 99:1).

Radi Medical Systems AB:
The description of medical-
related companies in Upp-
sala would not be complete
without mentioning Radi.
Their micro-products in-
clude pressure sensors (MSB
93:1 and 99:2) and possibly
aso miniaturized X-ray
sources (MSB 99:3). Un-
known at the moment is if
replication is a useful tech-
nology for their applications.

Jan Soderkvist
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he 10th Micromechan-

MME 99
ics Europe workshop
was held in September

in the Paris region. To enhance
the workshop spirit, the 49 ac-
cepted papers (4 from the
Nordic region) were presented
as posters combined with short
oral introductions. This result-
ed in many interesting and idea
stimulating discussions.

Topicsthat were stressed in-
cluded ‘Materials and process
technology’ and Microactua-
tors and microsensors'. To set
the stage for discussions, each
session included invited review
styled oral presentations ad-
dressing topics such as elec-
trodeposition, thick layer re-
sists, ferroelectric thin films,
INP-MOEMS, magnetic fluids,
biomedical applications, and
industrial MEMS on SOI.

For the next MME, see

MSB's last page.

Eurosensors XIII

he 13th European Con-

T ference on Solid-Sate
Transducers was held

in The Netherlands Congress
Center in The Hague on Sep-
tember 12-15. The conference
was splendidly organized by a
team from the Technical Uni-
versity in Delft headed by Prof.
Reinoud Wolffenbuttel. The
conference was opened with an
obituary by Prof. Peter Haupt-
mann, Uni-Magdeburg, and one
minute of silence to commem-
orate the unexpected and tragic
deathof Prof. Wolfgang Goepel .
The technical program con-
sisted of 3 keynote papersin a
plenary session, followed by
parallel oral and poster sessions
with 12 invited papers, 120 reg-
ular oral presentations and 134
posters. Thefirst keynote speak-
er was Dr. Jiri Marek, Robert
Bosch, who gave an inspiring
talk on the growing importance

of microsystemsfor automotive
applications, in particular for
emission control, safety and
comfort electronics. The level
of integration of sensor and
electronicsisvery highinall of
thesehigh volumeapplications.
Microsystems offer reduction
of cost, sizeand weight, aswell
as improvements in reliability
and functionality.

The Nordic countries were
well represented with a large
number of delegates as well as
scientific contributions, includ-
ing two invited papers. Jochen
Kuhmann, MIC, Denmark, pre-
sented advanced hybrid stack-
ing technologies developed by
MIC and LETI (France), which
are now industridlized in the
ESPRIT-project HISTACK. Y-
va Béacklund, Uppsala Univer-
sity, Sweden, presented the use
of aternative materials such as
diamond thin films and injec-

tion-molded  thermoplastics,
both using micromachined sili-
con asamold.

All in al, the quality of the
contributions was high, and in
particular that of the posters. In
parallel to the technica pro-
gram there was a traditionally
small exhibition with vendors
of CAD-tools-for-MEMS, pro-
cessing equi pment and publish-
ers, as well as a job market.
There were 440 registered par-
ticipants.

Theconferenceendedwitha
lively, memorable plenary ses-
sion with al participants
cramped in a parallel session
room without air conditioning.
Best paper awards were pre-
sented and the venue and date
of next year’s Eurosensors con-
ference was announced (see
MSB's back page).

Sebe Bouwstra

Adhesivesin Microme-
chanical Sensor Packag-
ing; O. Rusanen (VTT);
Doctoral thesis (2000).
Anodic Bonding for the
Fabrication of Self-
Testable Pressure Sensors;
A. Cozma L apadatu
(SensoNor / K.U. Leuven);
Doctoral thesis, ISBN
90-5682-185-7 (1999).
Decreasing the Optical
Path Length in an Opto-
electronic Module Using
Silicon Micromachining;
A. Richard, P. Rangsten,
C. Strandman and .
Béacklund (UU); J.
Micromech. Microeng.,
9(2) (1999) 127-129.
Evaluation of Mechanical
Materials Properties by
Means of Surface Micro-
machined Structures; J.-A.
Schweitz and F. Ericson
(UU); Sensors and Actua-
tors A, 74(1-3) (1999)
126-133.

Fabrication and Character-
ization of a Piezoelectric
Accelerometer; R. de Reus
(MIC), J. Ole Gullgv and
P.R. Scheeper (Briel &

PUBLICATIONS

Kjaer); J. Micromech.
Microeng., 9(2) (1999)
123-126.

In the Structure of Mi-
crostructure Technology;
M. Vangbo (UU); Doctor-
al thesis, Acta Univ. Ups.
475, ISBN 91-554-4537-3
(1999).

Mechanical Considera-
tionsin the Design of a
Micromechanical Tune-
able InP-Based WDM Fil-
ter; S. Greek, R. Guptaand
K. Hjort (UU); J. Micro-
electromech. Systems, 8(3)
(1999) 328-334.

MEMS Applicationsin
Turbulence and Flow Con-
trol; L. Lofdahl (CTH) and
M. Gad-el-Hak (Univ. of
Notre Dame, U.S.A));
Progressin Aerospace
Sci., 35 (1999) 101-203.
MEMS Packaging; O.
Rusanen (VTT); Proc.
IMAPS Nordic 36t Annual
Conf., Helsinki, (Sept.
19-22, 1999) 125-132.
Microelectronics for
Micromechanics; L.
Johansen (MIC); Doctoral
thesis (1999).
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* Microstructure Technolo-
gy in Silicon, Quartz, and
Diamond; P. Rangsten
(UU); Doctoral thesis,
Acta Univ. Ups. 484, ISBN
91-554-4572-1 (1999).
Multiple Through-Wafer
Interconnects for Stacking
of Microelectromechanical
Devices; M. Heschel
(MIC); Doctoral thesis
(1999).

Nordic Collaboration in
Micromachine Technolo-
ay; F. Grey (MIC); Proc.
5th Micromachine Symp.,
Japan, (Oct. 28-29, 1999).
Perforated Silicon Nerve
Chips with Doped Regis-
tration Electrodes; in vitro
Performance and in vivo
Operation; L. Wallman?,
A. Levinsson?, J. Schouen-
borg?, H. Holmberg?, L.
Monteliusl, N. Danielsen?
and T. Laurell1 (1LTH,
2|.U); IEEE Trans. Bio-
medical Eng., 46 (1999)
1065-1073.

Porous Silicon Carrier
Matricesin Micro Enzyme
Reactors - Influence of
Matrix Depth; J. Drott

(LTH), L. Rosengren (UU,
APB), K. Lindstrom and
T. Laurell (LTH);
Mikrochimica Acta, 131
(1999) 115-120.
Residual Stressin Sput-
tered Gold Films on
Quartz Measured by the
Cantilever Beam Deflec-
tion Technique; G. Thor-
nell, F. Ericson, C. Hed-
lund, J. Ohrmalm, J-A.
Schweitz (UU) and G.
Portnoff (Quartz Pro);
IEEE Trans. Ultrason.,
Ferroelect., and Freq.
Contr., 46(4) (1999)
981-992.

Silicon Carbide Field-
Effect Devices Studied as
Gas Sensors for Exhaust
Gas Monitoring; P. Tobias
(LiV); Doctoral thesis,
ISBN 91-7219-492-8
(1999).

Tantalum Oxide Thin
Films as Protective Coat-
ings for Sensors; C. Chris-
tensen, R. de Reusand S.
Bouwstra (MIC); J.
Micromech. Microeng.,
9(2) (1999) 113-118.
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Matthias Heschel, MIC/DTU
Multiple Through-Wafer Inter-
connects for Stacking of Mi-
croelectromechanical Devices

This work applies to the inter-
connect wafer of a new pack-
aging concept for integrated
microphones (MSB 99:3).

The interconnect wafer is
provided with multiple inter-
connectsthrough thewafer, un-
der  bump metalizations
(UBM), solder bumps, solder
sealing rings on one side, and
top surface metallizations for
conductive adhesive bonding
on the other side. The entire
metallizationsystem, including
the patterning of the metalliza-
tions using an electrode-
positable photoresist (EDPR),
is based on cost-effective elec-
troplating techniques. Severa
EDPR processes have been de-
veloped and optimized, and
suitable etching and lift-off
techniques have been investi-
gated.

The feedthrough intercon-
nects have been optimized for
low series resistance and small
parasitic capacitance. Their
wire parameters and the cou-
pling between adjacent feed-
through interconnects have
been characterized electrically.

mh@mic.dtu.dk

Leif Johansen, MIC/DTU
Microel ectronics for
Micromechanics

Processes for monolithic inte-
gration of SOI CMOS circuits
and surface micromachined
electroplated nickel micro-
structures have been devel-
oped.

Compared to bulk CMOS,
SOl CMOS requires less com-
plicated processing and hassev-
eral electrical advantages, such
as the elimination of latch-up,
low body-effect, reduced leak-
age currentsand improved high
temperature operation, which
makesit attractivefor sensor ap-
plications. For microstructures,
electroplated nickel supersedes
polysiliconintermsof mechan-
ical properties, deposition rate
and temperature, complexity
and overall production cost.

The aim is a simple, robust
SOl CMOS process with an

Dissertations

MSB wishes to congratulate the following individuals on their successful PhD work:

add-on electroplating post-pro-
cessing module for fabrication
of e.g. comb resonators and ac-
celerometers. The low temper-
ature used in this add-on
process makes it applicable to
most fully processed micro-
electronics circuits, and it thus
has potential of becomingakey
technology for MST.

IS @mic.dtu.dk

Pelle Rangsten, UU
Microstructure Technology in
Slicon, Quartz, and Diamond

This thesis addresses different
fabrication processes for three
completely different materials.

The work on single crys-
talline silicon includes a pres-
sure sensor-based system, an
electrostatic actuator structure,
and a non-planar lithography
technique.

For singlecrystallinequartz,
more fundamental fabrication
processes are treated. Experi-
ments and simulation of wet
etching in quartz, as well as
quartz-to-quartz direct bonding
are presented.

Processes and applications
of the new and very promising
MST material, diamond, areal-
so presented. This part of the
work includes a replication
technique for microstructuring
of polycrystalline diamond, as
well as microfluidic applica
tionsand an X-ray sourcebased
on field emitting structures
(MSB 99:3).

pellerangsten@angstrom.uu.se

Peter Tobias, LiU
Slicon Carbide Field-Effect
Devices Studied as Gas Sen-
sors for Exhaust Gas Monitor-
ing
Metal-insulator-silicon carbide
(MISIC) devices change their
electrical characteristics when
exposed to different gas ambi-
ents (MSB 95:2). Due to the
short response time (millisec-
onds) they were found to detect
exhaust pulses from individual
cylinderswhen used aslambda-
sensorsincars. Miniaturization
is possible since the response
does not scale with size.
Thework includestheprepa-
ration and characterization of
the sensor and the modeling of
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the detection process. A simple
method for exchanging the gas
within a millisecond is intro-
duced for response time mea-
surements. Results show that
the response to hydrogen is
faster thanthat tohydrocarbons,
the response to oxygen is
slowed down after apul seof hy-
drocarbons, and the relation-
ship between mass transport
and surfacereactionsinfluences
the response and determines
which gas molecules are pre-
dominant on the sensor surface.

petto@ifm.liu.se

Mattias Vangbo, UU
In the Sructure of Microstruc-
ture Technology

This thesis focuses on mi-
crostructure technology in gen-
erd. It coarsely delimits the
technology and discernsastruc-
ture of five different aspects.
Knowledge about the mate-
rialsisrepresented by aninves-
tigation on etching near-<111>
planesof Si inaKOH solution.
A method for high accuracy
pattern alignment to the crys-
tallographic orientation of Si
and InP expands the set of
processes that can be used to
reign the materials. The art of
proper shape design is assisted
by an analytical analysis of the
snap-through behavior of a
double clamped beam. The re-
alized beam also enlarges the
set of functional elementsavail-
able to combine microsystems
from. Final consideration re-
gards what function the mi-
crostructure has in our society.
Here, a simple microstructure,
a scanning mirror with the ap-
plication to project computer
graphics onto the eye's retina,
is demonstrated.
mattias.vangbo@angstrom.uu.se

Coming Dissertations

The following two theses will
be presented after MSB 99:4 is
sent to printing:

Adriana Cozma Lapadatu
SensoNor / K.U. Leuven
Anodic Bonding for the Fabri-
cation of Self-Testable Pres-
sure Sensors

This work deals with wafer
bonding technologies as tools

Courtesy of
Ovako Sal

for the fabrication of stacked
micromechanical  structures.
Emphasis is put on silicon-
glassanodicbonding. Issuesin-
vestigated include the electro-
static forces developed during
bonding and their effect on
flexiblestructures, andtheel ec-
trical characterization of bond-
ed silicon. These studies|ed to
an improved bonding process
with increased bond quality,
speed and yield, and reduced
negative effects on the bonded
devices.

This technology is applied
to the fabrication of pressure
sensors with self-testing capa-
bilities (MSB 99:3). The self-
test functionisimplemented by
means of an actuation process
appliedtothepressuresensitive
membrane. M easurements per-
formed on a double-membrane
pressure sensor / bimetallic ac-
tuator prove the feasibility of
the concept.

adriana.lapadatu@sensonor.no

Outi Rusanen

VTT Electronics

Adhesivesin Micromechanical
Sensor Packaging

Thisthesis presents knowledge
for selection, use and reliabili-
ty assessment of isotropically
conductiveadhesives (ICAS) in
die and flip chip bonding, as
well asalifetimemodel of ICA
flip chip bonds in thermal cy-
cling. The lifetime of ICA
bondsis shown to belessinflu-
enced by non-recoverable
strainthanisthelifetime of sol-
der bonds. Thus, ICAsmay out-
live solder in applications of
cyclic operation, such asunder-
hood automotive electronics.
Adhesivesin MEM S sensor
packaging is aso looked into.
Evaluated MST applications
include an IR spectrometer, a
microphone and a differential
pressure sensor. The effect of
packaging on the performance
of themicrophoneand pressure
sensor was also evaluated by
measurements. The results
showed that the effect of pack-
aging was negligible and that
these devices can be used in a
wide temperature range, e.g.
between -40°C and +60°C.

outi.rusanen@vtt.fi
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Eurosensors XIV

The Eurosensors meetings,
organized since 1987, isafo-
rum with atwofold mission:

 The presentation of recent
high-quality research in
the fields of solid-state
transducers and microsys-
tems
The gathering of, primari-
ly, European researchers
to enable efficient pan-Eu-

ropean networking and in-
teraction between industry
and academia.

Next year's Eurosensors will
be hosted by Denmark on
August 27-30, 2000, withthe
venuein the center of Copen-
hagen. Deadline for the sub-
mission of abstractsisMarch
6, 2000. See below for con-
tact information. Welcome.

FUTURE EVENTS

MEMS-2000, Miyazaki,
Japan, Jan. 23-27, 2000.
mems@mesago-jp.com
WWW.mesago-jp.com/mems

MSM 2000, San Diego,
U.S.A., March 27-29, 2000.
wenning@dnai.com
www.cr.org/M SM 2000

MicroMAT2000, Berlin,
Germany, April 17-19, 2000.
michel @izm.fhg.de
www.micromaterials.com

Silicon Radiation Sensors
(course), Oslo, Norway,
May 4-5, 2000.
fsrm@fsrm.ch, www.fsrm.ch

MTAS 2000, Enschede,

The Netherlands, May 14-18,
2000. Abstract deadline:

Jan. 8, 2000.
mutas2000@cat.utwente.nl
www.el .utwente.nl/mesal
mutas2000

Micro Actuators (course),
Uppsala, Sweden,
May 25-26, 2000.
fsrm@fsrm.ch, www.fsrm.ch

ACTUATOR 2000, Bremen,
Germany, June 19-21, 2000.
Abstract deadline:

Nov. 30, 1999.
actuator@messe-bremen.de
www.actuator.de

Eurosensors X1V, Copen-
hagen, Denmark, Aug. 27-30,
2000. Abstract deadline:
March 6, 2000.
eurosensors@vanhauen.dk
www.eurosensors.dk

Microsensor Packaging
(course), Lyngby, Denmark,
Aug. 31-Sept. 1, 2000.
fsrm@fsrm.ch, www.fsrm.ch

MME’ 00, Uppsala, Sweden,
Oct. 1-3, 2000. Abstract
deadline: June 15, 2000.
mme00@angstrom.uu.se
www.mst.material.uu.se/MMEOO

Microsystems in Biomedical
Engineering (course), Stock-

holm, Sweden, Oct. 2-3, 2000.

fsrm@fsrm.ch, www.fsrm.ch

Transducers’01, Munich,
Germany, June 10-14, 2001.
oberm@mat.ee.tu-berlin.de

New NEXUS-EMSTO website: www.nexus-emsto.com

MME "00

For morethan 500 years, Up-
psala has been an inspiring
environment in the sciences,
literature and art. We would
like to share this atmosphere
of tradition and inspiration
with you.

Since 1989, the workshop
on Micromachining, Micro-
mechanics and Microsystems
has traveled all over Europe
initsaimto promote research

and development in Euro-
pean micromechanics in or-
der to prepare the microsys-
tems community for interna-
tional competition. In the
year 2000 (Oct. 1-3), we'll
meet again when Uppsaa
University hosts the 11th
MME workshop.

See ‘Future Events for
contact information. Wel-
come.
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