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Miniaturized Pressure Sensor B s

Editor’s Note
page 2

For the past 14 years RAD|
Medical Systems in Uppsala,
Sweden has been working to
produce a miniaturized pres-
sure sensor that can be inte-
grated into a medical guide-
wire. The application for suc
aproductis the measurement
pressure in the coronary arter-
ies of humans, for example dur-
ing balloon dilatation. Informa
tion gained from the measure-
ments can help determine treat-
ment for a patient sufferin
from coronary artery disease.
Demands from the market
are that the sensor needs to ps
tiny, and that it should have
high frequency response. The
guidewire should be compara-
ble to non-sensing guidewire
physicians use, and be discon-
nectable for rapid exchanges of
the balloon catheters used with
the guidewires. As a result,
first generation was developed:
» 1985: RADI contacted the
Uppsala University. A re-
search program was initiate
» 1990: RADI launched a
fiber optic sensor Pressure
Guide™, with J0.018".

Manufacturing fiber optic sen
sors proved to be a time-co
suming process and the mar
demanded:

1. Faster production.

2. A detachable wire.

Protective
Coatings
page 2

Printheads
page 3

The guidewire-mounted pressure sen- Lab to Fab
sor element is manufactured manually! page 4
under microscope.

¢ 1997: RADI launched a fin-
ished product, Pressure-
Wire™ a solid state micro
pressure sensor.

sense of responsibility and an Encapsulation
overview of the entire process. 5
Manufacturing is mainly per- page
formed manually, under a mi-
croscope. The final and most
critical operations take place in SSRVAYEERsi1s
a cleanroom. .
Product development con- Production
; ; 112 tinues to be a priority. Other
time response. The guidewire i projects are to fSrther%mprove page 6
detachable, total length 175c 'quality and reduce costs. The
-00.014", Teflon-coated shaft; focys of the quality project is to
tToday, RADI is able to produce gnalyze returned-goods statis- )P4
a product that meets market eX-tics ~ increase yield, specify 7
pectations, and can keep Upprocess variables, improve testsil Sa g
‘é\{[lgclkthe growing demand forl and study handling of the prod-
There was a need for anewsen-Sensor production consists e chst recstion project s (o R LY :
sor generatlon: ] of approximate|y 20 pe0p| Identlfy work and material DlSSCI’t&thI’lS
* 1994: Research program ini- who work in seif-led groups, costs as they occur and use thiEFds 7
tiated with KTH in Stock- | Production is divided into op+ to optimize flow. There is also
holm. Development of elec-| erator-led operations. Everyr an investigation into how to
tronic sensor starts. | one gets a feeling for 10gistic$ jncrease yield and reduce costs
* 1995: Reduced fiber optic | and the importance of steady oy direct and indirect material
sensor size t610.014". flow. Internal groups are re Lars Tenerz. Radi
* 1996: Product development sponsible for quality and effect  phone: +46-(0)18-16 10 07
in cooperation with IMC in | tivity. Matrix grouping works lars.tenerz@radi.se
Stockholm. well and gives the operators www.radi.se

This sensor is piezoresistiv
-with a Wheatstone bridge
AAMI BP22-1994 signals,
0-1000Hz bandwidth, 10m

Future Events
page 8

http://www.mst.material.uu.se
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EDITOR’S

NOTE

A component’s price is
controlled by several fac
tors, including packaging
handling, testing and qua:l
ification. These factors ar
often forgotten in the initial
development phase a
though they contribute, di
rectly and indirectly, to
substantial part of the toq
cost. The sensorelementi
self usually influences the
cost much less than first i
believed. Nevertheless, th
sensor element enables the
device which could explain
why universities often fo-
cus only on this part (bot
tom-up view). Industry has
to look at the entire system
(top-down view).

Packaging is normally
not considered an interes
ing research area for a unj
versity, partly due to the
difficulty of setting up gen-
eral research programs that
cover but small aspects aof
the packaging area. For in
dustry, packaging is a chalt
lenging area that can be |a
major cost driver. Produc
tion disturbances are, to g
non-negligible level, relat-
ed to this area, and oftep
require emergency actions.
Unfortunately, it is diffi-
cult in advance to specify
what type of problems that
might occur, but it can be
agreed upon that it usuall
is very time consuming ta
pinpoint their cause and t®
come up with reliable
work-arounds. The detec
tive work involved often is
worth to be considered as
‘research’.

Summer is here; flow-
ers and leaves have ‘un
packed’ and warm jogging
clothes are packed away.

- T
Have a nice summer

Jan Soderkvist

Protective Coatings for MST
e

ackaging of micro-
systems  contribute
around 50 percent t
the price of the entire system.
Packaging concepts for sensars
exposed to harsh environments
may be even more expensive.
To protect the silicon sensar
chip the package frequently b
comes bulky and requires man-
ual assembly at the chip level

A protective coating may en
able the direct exposure of the
sensor chip to harsh environ-
ments, such as alkaline solutign
at an elevated temperature.talline materials tested faile For Ta—O films, we could not
Moreover, such coatings maly within days when exposed to l0- detect any etching after expo-
be applied at the wafer level andcalized etching, presumably sure to aqueous solutions with
reduce the packaging and as-through grainboundaries. In ad-pH values in the range of 2-11.
sembly requirements. In a col- dition, several types of polyt The Ta—O films were deposited
laboration between Grundfos mers, such as polyimid andat room temperature by reactive
A/S, Danfoss A/S, and Mikro{ Parylene C, were tested. Thesesputtering. After several months
elektronik Centret (MIC) such films failed through delamina: of exposure an upper limit of the
packaging schemes are undetion, typically after one month etch rate of less than 0.008 A/h
development. of exposure to alkaline solu- was found! Etching in concen-
tions at elevated temperatures. trated hydrofluoric acid may be

The diagram shows etch used to pattern Ta-O in a batch
The figure below shows a typi+ rates of several materials in al-process. Moreover, pinholes
cal cross-section of a coated dif-kaline solutions (pH 11). The can easily be revealed by a short
ferential pressure sensor with|agreen region denotes the appli-exposure to buffered hydrofluo-
piezoresistive read-out. For facation area and is characterizedic acid. Typically, the pinhole
successful coating several re-by a critical value of 0.1 A/h at density is less than 3 per &m
quirements need to be met.125 °C. This corresponds to anwhich is sufficiently low. The
These requirements include, approximate expected life time step coverage of the sputtered
but are not limited to: a high of 10 years for a coating with a Ta—O is slightly limited.
chemical stability against the thickness of 1 um. The etchrates
media of interest, a limited were determined by measuringApplication Examples
thickness to minimize the me- film thicknesses using ellipt Several differential pressure
chanical impact on the mem- sometry before and after expo-sensors were successfully fabri-
brane, a low pinhole density, sure to the alkaline solutions in cated by gluing a coated chip in-
coverage of anisotropically a “pressure cooker”. It is obr to a simple metal housing. These
etched cavities, and sufficient served that the etch rate of consensors are evaluated during on-
step-coverage, e.g., of intercon-ventional materials such as sil-line exposure to alkaline envi-
nects. Furthermore, pattern-icon dioxide and silicon nitride ronments. Resistance against
ability of the coating is desirt is several orders of magnitudesaline environments, wear, and
able, among others reasons [tctoo high for our application. hardness of the coatings are al-
provide access to bond pads. so under investigation.

Our investigations show that SiC and Ta-0 Deposited at room tempera-

amorphicity of the coating mar SiC (commercially available ture, Ta—O was also used suc-
terial is essential. All polycrys+ from FhG-IMT, Munich, Ger-| cessfully as an etch mask for
many) deposited anisotropic etching of Siin a 28
in a PECVD| wt% KOH solution at 60 °C.
process exhibit We expect that this type of
excellent step co{ protective coating not only will
verage and low] meet the packaging constraints
etch rates. An im- of the type of sensors mentioned
proved deposition here, but also can be applied to
process brings the implantable and/or blood-com-
etch rate below the patible microsystems since both
critical point at| Ta—O and SiC are biocompati-
125 °C set by the ble.
Schematic cross-section of a differential  application area.
pressure sensor with piezoresistive detectidn.the diagram thi
The protective coating (in red) is applied at material is marke
both sides of the sensor chip. SiC (I1).

Tempaturs (5
1F=1

ool

' Arrhenius plot of
etch rates of sev
eral thin films in
alkaline solutions
(pH 11). Arrows
indicate upper
limits.
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Tough Requirements

[ silicon
[ p++ silicon

Il metallization
[] dielectricum

Il coating

Roger de Reus, MIC
Phone: +45-45 25 63 07
reus@mic.dtu.dk
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ue to the common us

Piezo Printheads - Produced in Sweden

m may be easily forgot-

ten that the key element to th
technique is a microactuatg
which is packed inside th

mized combination of print-
head, ink and media is required.
The company'’s strategy is to de-
liver printheads, inks, and car-
tridges to OEMs (original equip-
ment manufacturers), who will

=0

printhead. Such printheads re
resent a huge fraction of th
overall volume of manufac
tured microsystems.

At XaarJet AB (former MIT
Inkjet) in Jarfalla, Sweden
printheads are produced. T
technology applied is the piez
shear mode / shared wall co

r?_A XaarJet printhead with 128 channels.

cept which was developed by
Xaar (UK).

Manufacturing drive pulses, high flexibility in
The Actuator The printheads are completely the choice of fluids, and an ex-

The basic components of
printhead are the actuator a
the electronic driver chip. Th
actuator itself consists of a cha
neled base and a cover pla
both made of PZT, a piezoc
ramic material. The channel
filled with ink, are surrounde
by PZT and, at the front en
side, by the nozzle plate.

The key for the actuation i
the shear motion of the PZ
walls, as shown in the figure
the cross-section through t
actuator. The material hasap
manent electrical polarizatio
in the vertical direction. If a

a manufactured in the Jarfalla fa- tremely long lifetime. This de
dcility. In amanufacturing line itf fines the range of application
is of highestimportance that the for the printheads.

-product be produced with hig
e,quality and tight tolerances, gs Application Range

- well as with a reasonable yield The focus clearly lies in print;
, and low cost. For this, it is ad- ing. For good results, an opt
vantageous to organize as many
process steps as possible on
wafer scale. As an example, the
ink channels are formed b
sawing into plain PZT wafers
f  Moreover, many productio
e steps for the actuator have their
r-originin silicon technology an
take place in a cleanroom. Ex-
amples are the metallizatio

S

develop the printer application
and often provide the media.

Present work fields of print-
ers equipped with XaarJet AB
printheads are, at one side, in-
dustrial marking, ticketing, and
labeling. On the other side are
wide-format printers for poster
size media in which there is a
high quality demand on the
printhead, as well as grand-for-
mat applications with up to five
meter wide printers.

Gerhard Beurer, XaarJet AB

Phone: +46-(0)8-580 88 712
gerhard.beurer@mit.se
Www.mit.se

electric field is applied across and passivation of the channels
the channel walls, e.g. using and the wire bonding between
two parallel electrodes on the the actuator and the driver
wall surfaces, a shear motion fis chips. The remaining manufag-
generated. turing mainly consists of as
This effect can be used to in- sembly steps and packaging,
crease, as in the cross-sectiprwhere placement accuracy and
figure, orto decrease the volumetightness play an important
of ink in an actuator channel. A role.
rapid volume decrease and the The resulting piezo print
reflection of pressure waves head has outstanding features
lead to the ejection of an inkjet e.g. good control of the inkje
droplet through the nozzle. ejection by means of optimize

o
)

LoweosVbIliles forSind]
Wodgigagacedss Aaligaions

becoming part of our lives. Means for increasing the co
nication speed are constantly sought. Here, optical fiber [
interesting replacement to the ‘good old faithful’ copper

For the majority of consumers to benefit from the incregs
capacity of the fibers, it is necessary to extend them al
way out to their homes. In the past, components for these fi
of access applications have been too expensive for co
cial use.

Key issues when linking the electric and optic domaingli
clude packaging and fiber alignment, areas where MST 0
interesting possibilities. For example, for the production o
4-channel transmitter/receiver module in the figure an
fabricated silicon optical bench is used for laser soldering
passive aligning of the fibers. This allows for the highly gar-
allel and automatic production of high volumes at low cos

Basic printhead
components

T BTT— =

PN

Helen Olofsson
Ericsson Components AB

Phone: +46-(0)8-757 4402
helen.olofsson@eka.ericsson.se

Cross-section through the actuator, perpendicular to the
channels.
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From a Research Lab to a MEMS Fab

Many companies and re-
search organizations have
started research on MEMS.
A few have succeeded in
turning their developments
into industry. What has beer
important for the success?
What has been difficult?
What are the lessons learnt
Some answers to these que
tions may be found below
with the case of Vaisala-VTI
Hamlin as an example.

Start-up of a MEMS Activity
Companies producing MEMS
may have very different histo
ries and motivations for start
ing. University spin-offs, cor-
porate research within large o
ganizations, and technolog
upgrades of existing sensor a
system companies can |
found. When starting MEMS
activity Vaisala was, and is sti
today, a well-established instru
ment and system company f
cusing on environmental mez
surement. Vaisala did not ge
started in MEMS for the pur
pose of upgrading the old, bt
for creating new business. Th
aim was to diversify to new ar
eas. The automotive industf
was referred to in its earlies
documents almost 20 years ag
Today VTl Hamlin, the spin-
off from Vaisala’s MEMS ac-
tivity, is part of the Breed Tech
nologies Corporation. It is th
leading company producing ac
celerometers for automotiv

With today’s rapid produc

cycles itis essential talée-
sign for manufacturabili
ty’. Competition usuall
does not allow for modifi
cations and re-takes at
later stage, especially conl-
sidering re-qualificatio
times and re-investments
in production equipmen
In fact, development mig
contribute directly to 59

of a product’s cost, whil¢
its indirect influence of the
product’s cost can be more
than 70%.

applications excluding airbags.
VTl has recently brought to ful
speed a new clean room facili-
ty in Vantaa, Finland with 10 M
year capacity on 150 mm wafers
! expandable to 50 M/ year.
Total Commitment
Whatever the history and moti-
? vation for starting the MEMS
S-activity, all successful cases
share the enthusiasm among th¢
pioneers of the technology. But
what is often missing is the to-
tal and long term commitment
of the upper management and
the owners. The manageme
5 hasto be prepared to defend an
- protect the starting technology Being a high volume manufacturer doesn’t stop creativity.
- years before it is going to make Anisotropic wet etching of silicon can produce amazing shapes.
the first small contribution tg This picture shows the proof mass and springs of an angular rate
r-the revenues of the company.|Itsensor designed by Anssi Blomgqvist at VTI Hamlin.
y will take even longer before the
ndstart-up will become profitable,
eThe time span required is ten {oTime to Grow Up Self-made equipment were a
fifteen years, which is much After years of medium volume bottleneck in expanding the ca-
| longer than the planning period production of the highest accu- pacity. The operation proce-
I- of most companies. racy pressure sensors an opporelure, which had been adequate
D- Vaisala had enough fore- tunity was opened in the auto-for controlling the R&D and the
1- sight in the early 80’s. They motive industry. Large volumes small volume laboratory type
ot built a clean room facility in| of accelerometers were needecproduction, failed badly.
+ 1980. ICs for internal use were starting in the early 90’s for air These almost simultaneous

manner inherited from the ear-
ly days of R&D. A few key in-
brought from prototype to 0.5 dividuals understood the prod-
M/year volumes in less than twp uct and processes thoroughly.
0. years. This period was extreme-They found solutions by being
Creativity and Freedom ly painful with severe problems creative, bold and self-confi-
An enthusiastic spirit prevailed in design, processes and quali-dent. Changes to the design and
- inthe new Vaisala start-up. Cre-ty. Interconnections failed, the processes were implemented
e ativity and originality were| proof masses were sticking to onarunning basis without com-
t- highly valued. ‘Me-too’ was ar the counter electrodes and theplete validation tests. The auto-
e often referred to ugly word, cantilever beam springs were motive customer was forced to
That's how the Vaisala MEMS breaking. Anodic bonding accept them, against all quality
acquired it's unique features far process failed due to shorting.rules.
from the safe main stream. Un-
conventional ways to do things
were tried out when striving fo
uncompromized  excellence.
From retrospect thisis a success
factor.
There were no barriers. Eve

y sors for new applications and
t markets.

tion no transfer was needed. T
same people who were involv
in the development continued
solving the production problems The latest VTI sensors utilize the earliest and most original fea-
and controlling the processes ontures of the company’s technology. A unique technique of manu-
the same equipment initially facturing horizontal and vertical glass isolating layers enables
used in the R&D phase. to obtain multiple feed throughs to a vacuum space.
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After the problems were unexpected. Now it was a redl o

solved and the yield was stahi-quality tool, not just a forced Encaps ulatlon Of
lized at a high level it was clear add-on.

that the old ways couldn’t bg o1 o
continued. A new discipline Is it Fun any More?

was needed. The operatignDoes the new environment arjd Slllcon Resonators
couldn't be run as a laboratory operation procedure offer satig-
any more. Stopping a car line faction to the individual compat

was too frightening a vision. | rable to the old ways emphasi
ing creativity and freedom? Th

Nt

Ip —~ (D I|

n the field of micro-| anodic bonding. Another is to
The Automotive Industry answer is yes, but in a differe I machining, microsen{ encapsulate the resonator inside
The new model of operations way. First, the persons who ha sor packaging is one of a cavity leaving a small opening
was borrowed from the auta- stayed through the history of thethe less investigated, althoughthat later is sealed in a low pres-
motive industry, which seemed company strongly felt the need one of the most important and sure metal deposition or growth
to be a complete opposite to thefor a more disciplined way ta challenging, technology areas.process. The use of a getter ma-
former ways. Inflexible attitude operate, having seen where arlhe package is at least as im-terial which absorbs the resid-
to changes, strict documentsuncontrolled manner of opera- portant as the sensing elemenual gases inside the cavity is al-
control and formal quality prot tion may lead. There was a mo-itself. It provides mechanical so an interesting alternative.
cedures were now required in-tivation for change. support and protection from th At the department of Sig-
stead of the former relative free-  More importantly, there are external environment. nals, Sensors and Systems (S3)
dom to change things as the sithow many more people in In the case of silicon resg- at KTH, the encapsulation of
uation required. volved. The scope for each in-nant structures the encapsula+esonant silicon structures orig-
Operators had to be taught fodividual has narrowed, but the tion requirements are particy- inally designed for density and
larly demanding. The high per- Coriolis mass flow sensing of
formance of a resonant struc-liquids has been realized. The

be allowed. Changes were i
plemented only by a forma
change request procedure,
which often led up to the end that now the information, re

, to two recessed glass lids. Lat-
-eral feed-through metal con-

lating the device, special atten-electrical contact with the exci-
customer for sign-off. Even sponsibilities and actions anetion should be paid to main- tation and detection electrodes
small design changes could beshared by alarge number of em-taining a high quality factor. To inside the cavity.
implemented only for the com- ployees. Creative ideas by indi- achieve this, the resonant struc-  The entire fabrication is per-
ing model years, after a valida- viduals are still needed, but thgyture can be housed inside a lgwformed at the wafer level using
tion procedure taking at leastare implemented in a controlled pressure cavity to reduce theonly batch-fabrication tech-
three months. The design hadjtamanner which keeps all awafegas squeeze-film damping thatniques. The resulting pressure
be frozen two years before theof what's happening. appears in the narrow gapsinside the hermetically sealed
production start-up, with the Inspite of the automotive int between the mechanically os-cavity is 1 mbar with proven
processes frozen at about opalustry’s seemingly negative af- cillating structure and, for ext long-term stability. Low power
year. titude to change, continuousample, the electrodes used fprconsumption can be achieved
A number of previously uni improvements and new prod- excitation and detection. and a voltage of 5 Mysis suf-
heard of analyses and docu-ucts are actually expected. An A challenge in the realiza- ficient for the excitation.
ments had to be completed andmprovement has to be madetion of a low pressure encapsu-

-only way to keep the produdt tions can be adopted to form|a ~ Thierry Corman, KTH, S3
tion about creativity, original competitive in the long run| low pressure cavity. Onewayis Phone: +46-(0)8-790 77 89
i i i ili i corman@s3.kth.se

ability, repeatability and cont controlled manner.
trol of the smallest detail. No But R&D is not the mostim
it was real industry. portant area of the company a
The change didn't happen more. A continuous effort ig
overnight. The first Design needed to maintain whatwas 3
Failure Modes and Effects ready achieved: the yield hig
Analysis (DFMEA) was com- and spotless quality. The mal
pleted indeed overnight: the emphasis of an industrig
customer was coming the nextMEMS company, once thg
day and requested an explanaproducts are the right ones,
tion in the format given. Six not in R&D but in the proces
years later the team, which wascontrol and quality.
planning the design and process
changes for the new clean
room, started an FMEA fo
themselves in order to decreas
the risk of causing something

Heikki Kuisma, VTI Hamlin| Silicon resonators encapsulated at the wafer level between two
Phone: +358-9-8791 81 glass lids with electrical feedthrough conductors for electrostatic
heikki.kuisma@vti.fi| excitation and capacitive detection.

¢}
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SIMULATIONS

On January 28, the Fini
conference Microsystem
Modelingwas held in Hel
sinki. The large number @
participants (90) prove
that there is substantial i
terest in MST-modeling i
Finland and that furthe
collaboration is needed
The organizers receive
much positive feedback.

The program includeq

three invited presentations

(Stephen Senturia, Ml

USA, Jan Soéderkvist, Co
ibri/Sweden, and Mark G
da Silva, Microcosm/ USA
followed by five presenta
tions from Finland (Jormg¢
Kivilahti, Heikki Haario,
Jari Jarvinen, Timo Veijo
la and Kimmo Kaski) anc
a poster session. The fin
discussion, led by HeikKk
Kuisma, VTI Hamlin,
summarized the day’s tof
ics well. The event was o
ganized jointly by CSQ
and Tekes.

DELTA Danish Electron

ics, Light & Acoustics has

a long experience with t
packaging and testing ¢
electronics. Its activitie
within ~ microelectronics

provide a strong basis for it

extended activities in mi
crosystems. DELTA has o
fered services within mi
crosystems for almost

decade, for example &n-
vironmental testingpack-
aging materialsandfailure

analysesNew services in
clude interconnection tec
nology (flip-chip assembl

etc) andesting at the wafe
levelto select Known Good
Dies (KGD) (soon alsd
with non-electrical stimul
and detection). Other se
vices areASIC desigrand
production, anéEMC mea-
surements and shielding.

Jens Branebjerg

Volume Production
of MEMS at SensoNor

n MSB 98:4 some | SP14, SP12 and SA30, afeby duplicatinga number of pro-
I challenges related to scheduled for production start- duction machines.

MEMS packaging| ing in 1999 and 2000. The tw The assembly and packag-
were outlined and discussed. |noperating back-end productioning line consists of five free-
this article we will provide| lines are described below. standing, process-dedicated pro-
some ideas on how SensoNor duction/equipment  clusters.
asa has met these challenges. The SA20 Back-End Line The following processes are

Cost effective volume pro{ This production line is situated performed in the clusters:
duction requires inexpensive, at Skoppum about 10 kilome-
reliable packages and a fully au-ters from Horten south of Osla. « Assembly and electrical
tomated, effective production The production line is partiall connecting
system. Typical critical pro4 automated and based on a reed Transfer molding
¢ Tin-lead solder plating
sors and other MEMS devices ed cavity capsules. The sensor Trimming and forming
are: of leads
-+ Testing, sorting and packing

molded polymer capsule. Ele
trical contact is made by wir
strate. bonding, and welding a lid on The assembly and electrical
« Achieving electrical contact | the top closes the capsule. Theconnection cluster, also named
(wire bonding, flip chip, etc)| cavity inside the capsule is auto-line, contains the follow-
» Encapsulating (molding, etc) filled with oil and is sealed off| ing operations connected by a
* Testing Finally, the sensor unitis cut out robot:
from the copper band and all
To ensure the successful imple-visible copper is plated with
mentation of a MEMS product tin-lead alloy by dipping. Be{ « Wire bonding
in volume production it is often fore shipping all sensors ares Glob-topping
wise to use well known techt temperature (both high ande Inspecting
nology. The main problem then low) and vibration tested, a
is the modification and adjust- well as tested for electrical con- Separation of these processes
ment of existing production nectivity. into different clusters ensures a
equipment. The SA20 back-end produc- very flexible assembly and
tion line is, as mentioned, par- packaging process.
tially automated and has a li Both the choice of a lead
SensoNor ited flexibility for changes inits frame based production and a
SA20, our first truly volume| products. A limited rebuilding molded polymer package give
product, was put into producr of the production line based onreasonably good flexibility. For
tion in 1992. Since then about the main components in the sys-example, the internal design of
31 million sensors have beentem may result in a more flexi- the package allows both one and
delivered to our customers ble and up to date productiontwo chips solutions with chips
world wide. In 1994, planning line. of different sizes. We were able
for the next generation of sen- to develop a low number of
sors and production technology The BELP (Bach-End Lead packages into which a range of
started. A new fully automated Frame Products) Line different sensor types, includ-
back-end production line was The BELP production line was ing accelerometers, pressure
created together with a new putinto operation in the autumn sensors and micro switches, can
waferfab. The first new product, of 1997. This line is fully autoq{ be designed to fit with few mod-
a pressure sensor named SP13nated within each production ifications.
was put into production in the cluster and has a total capacity
new back-end line in August of about 15 million parts pe
1997. A number of other new year. In its current set up the ca-
products,

» Mounting of dies to a sub-

¢ Die bonding

Production Facilities at

Jon H. Ulvensgen, SensoNor
Phone: +47-33 042 611
including SP11] pacity can be close to doubled jon-herman.ulvensoen@sensonor.no

Back-end production line for SensoNor’s
SAZ20 airbag sensor.

Back-end lead frame based production line
as currently organized.
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NEXUS User-Supplier Clubs

s a primary activity to-

A wards promoting the
industrial use of mi-
crosystems (MST), NEXUS

the European network on mi

crosystems (Www.nexus-emst

com), brings together users ar
potential users of MST with
suppliers of MST technologie
and components. For this pu
pose, User-Supplier Club

(USCs) have been establishe

with the following missions:

— provide a forum for discus-
sion between MST users
and suppliers

— identify and assess markets
where MST may provide a
competitive edge

— identify the technologies,
infrastructure, and co-oper-
ation structures necessary f
access these markets

— promote the discussion on
emerging standards

— provide early guidance to
equipment manufacturers
and materials suppliers on
future requirements

D.

D
r_

D

2d

— alert academia to new in-
dustrial requirements in or-
der to stimulate future re-
search

- — disseminate information

across industrial sectors viag

d the NEXUS membership

— offer the industrial partici-
pants information from ex-
perts on new research trenc
and results

To date, four application spe
cific USCs have been estat
lished, and a fifth one is unde
preparation:

Medical & Biomedical

Coulton Legge

Glaxo Wellcome

Phone: +44-1920 88-3137
0ochl49870@ggr.co.uk

Instrumentation & Process
Control

Zeno Stossel, Helbling
Phone: +41-143 81720
zst@helbling.ch

Peripherals & Multimedia

Frans van de Weijer, RPC
Phone: +31-487 518 917

rpc@worldonline.nl

Aerospace & Geophysics
Jan Suski, Schlumberger
Phone: +33-1 4746-6673

suski@montrouge.gm.slb.con

Is
Telecommunications
(under preparation)

- Ayman El-Fatatry

- GEC-Marconi

r Phone: +44-181 624 6090
ayman.elfatatry@gecm.com

All companies and institution

EURIMUS

TheEuropean Initiative o

Microsystems Usages a

cluster project within EU

REKA (www.eureka.be

with the goal of increasin

the European MST marké
share. EURIMUS:

— Supports market-orien
ed R&D projects whosg
partners come from at
least two EUREKA
countries

— Aims for project selec-
tion in accordance to
industrial criteria and
confidentiality rules

— Helps in finding part-
ners within industry

5 and academia.

involved with MST in one of the
above application areas, eith
as a user or a supplier, a
strongly encouraged to joip
NEXUS and the appropriate
USC.

Hans-Christian Petzold
NEXUS Office c/o FhG-ISiT
Phone: +49-30 76 70 40 21)

petzold@isit.thg.de

With a five year budget

400 M Euro, the target is i
excess of 100 industrial prg
jects. If interested, contac

kristian.johnsen@efs.dk
kari.ruutu@tekes.fi
soe@forskningsradet.no

erik.bahr@nutek.se
rroussille@cea.fr

DISSERTATIONS

MSB wishes to congratulate the following individuals on successfully having defended their theses.

Christian Leth Petersen, MIC

His PhD thesisiMicroscopic
Four-Point Probesaddresses
the design, fabrication an
use of novel probes. On th

ments on microscopic fea-
tures inside a SEM (scanning
electron microscope) sugges
d that the surface state plays
esignificant role on this scale.

surface roughness. In addi-
tion, the use of bonding i
various applications, such &
in micromechanics and I1I-\

materials, is discussed.

More information will be
N presented in the next issue o
1SMSB

Lars Wallman, LTH

surface of a crystal the top
most atomic layer will typi-

Mats Bergh, CTH

Timo Veijola, HUT

His licentiate thesisSilicon
Microstructured Sieve Elec-

trodes for Neural Interfaces
addresses the possibility o
communicating electrically
cusses mainly numerical sim-with nerves. One goal is to
ulation models. These dynam-improve the quality of life for
ic, nonlinear models include disabled persons by extend
the contributions of electrical, ing the limited functionality
mechanical, and fluidic enef- of today’s hand prosthesis.
gy domains by means of elec- Special focus is set on
trical equivalent circuits con+ sieve shaped neural inter
sisting of lumped, frequency- faces, such as micromachine
independent components. | discs perforated with a large

Special attention is paid to number of holes supplied
modeling the rarefied gaswith recording electrodes
flow in narrow air-gaps, in{ (seeMSB 97:2. Transecting
cluding the effect of gas-sur- a nerve, inserting a sieve, an
face interactions. The agree-letting the nerve re-grow en-
ment between simulations ables electrical monitoring
and measurements for capacand control of neuronal activ-
itive accelerometers and ap-ities. An artificial neural net-
gular rate sensors is very goodvork is used to control the da:
over a wide pressure range! ta stream.

cally rearrange to form a su
face superstructure. Thes
films are well suited for
studying the two-dimension

His PhD thesis,Equivalent
Circuit Models for Microme-
chanical Inertial Sensorslis-

- The main subject of his PhD
ethesis,Wafer Bonding Prob-
lems and Possibilitiess sili-

- con on insulator (SOI) struc-
ality of electronic properties| tures. By replacing the buried

A setup for measuring the silicon dioxide layer with a
oxidation of clean Si surfaces polycrystalline diamond film
in ultra-high vacuum with & the thermal properties of SO
macroscopic four-point probe structures can be improved.
has been designed. MeasureBuried aluminum nitride lay-
ments show a clear depen-ers and semi-insulating sub+
dence of the resistivity on the strates are also addressed.
oxidation time and the dop-  The surface roughness ca
ing of the Si crystals. be related to the bondability

To increase the surfaceof the material. Special sur-
sensitivity of the measure- face requirements and vari
ments, novel microscopic ous methods for measuring
four-point probes with elec: the surface roughness have,
trode spacings down to 4 pmtherefore, been investigated.
have been designed and fabThe focus is placed on usin
ricated (mm spacing for con- atomic force microscopy
ventional probes). Measure-(AFM) for determining the
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FUTURE EVENTS

Transducers '99Sendai,
Japan, June 7-10, 1999.
For info.: Transducers '99,
Attn.: J. Echizen,
tr99@twics.com
www.com.cas.uec.ac.jp/trans99.htn

The Challenges of Micro-
systems Technology
(course), Copenhagen,
Denmark, Sept. 17, 1999.
For info.: FSRM,
fsrm@fsrm.ch

www.fsrm.ch

Eurosensors Xl|IThe
Hague, The Netherlands,
Sept. 12-15, 1999.

For info.: M. Bartek,

nl

Micro Devices for Fluid
Handling(course), Stock-
holm, Sweden, Sept. 28-29,
1999.

For info.: FSRM,
fsrm@fsrm.ch

www.fsrm.ch

MME’99 (MicroMechanics
Europe), Gif-sur-Yvette,
France, Sept. 27-28, 1999
For info.: MME’99,

Inst. d’Electronique
Fondamentale,
mme99@ief.u-psud.fr
www.ief.u-psud.fr/~mme99

MEMS-200QMicro Electro
Mechanical Systems),
Miyazaki, Japan, Jan. 23-2¥

Transducers ‘99

Next issue will focus on the Transducers 99
conference in Sendai, Japan in June 1999.

THE AV OF theMicro Structure Bulletins to promote the us

of micromechanics and micro structure technology. It co

Delft Univ. of Techn., 2000.Abstract deadline: tutes one part of the efforts made by the strategic centd for

eurosensors@ei.et.tudelft.nl Sept. 13, 199%or info.: Advanced Micro Engineering (AME) and the competence @en-

eurosensors.et.tudelft.nl MESAGO Japan Corp., ter for Surface and Micro Structure Technology (SUMMJT)
mems@mesago-jp.com to disseminate scientific and technological information.
Www.mesago-jp.com/mems MSBIis published quarterly and is distributed free of charge

PUBLICATIONS

within the Nordic countries (DK, FIN, NO, SE), and by in
tation to a limited number of international experts.

MSBis supported by: AME/SUMMIT, Amersham Pha

macia Biotech AB, Biacore AB, Celsius AB, Chalm

KiselDesign, Colibri Pro Development AB, Datex-Ohmefla,

Equivalent Circuit Models for Micromechanical Inertial
Sensors; T. Veijola (HUTDoctoral thesis

ISSN 1239-8233, ISBN 951-22-4403-9.

Low Cost Micromachined Mirrors for Display Systems;
M. Vangbo, S. Karlsson and Y. Backlund (UU);

J. Micromech. Microeng9(1) (1998) 85-88.
Microfabrication of PPy Microactuators and Other Con
jugated Polymer Devices; E. Smela (Risg National Lalk
J. Micromech. Microeng9(1) (1998) 1-18.
Micromachined Double Backplate Differential Capaciti
Microphone; J. Bay O. Hansehand S. Bouwstia
(*Microtronic & Delta,2MIC); J. Micromech. Microeng.
9(1) (1998) 30-33.

Microscopic Four-Point Probes; C.L. Petersen (MIC);
Doctoral thesisISBN 87-89935-34-9 (1999).

Picoliter Sample Preparation in MALDI-TOF MS Using
Micromachined Silicon Flow-Through Dispenser; P.
Onnerfjord, J. NilssoA, L. Wallmar?, T. Laurelf and

G. Marko-Varga (1LU, 2L.TH); Analytical Chemistry
70(22) (1998) 4755-4760.

Reliability of Industrial Packaging for Microsystems;

R. de Reusket al2:3 (IMIC, 2Danfoss A/S3Grundfos
A/S); Microelectronics Reliability38 (1998) 1251-60.
Silicon Microstructured Sieve Electrodes for Neural
Interfaces; L. Wallman (LTH).icentiate thesis

ISRN LUTEDX/TEEM-1065-SE.

Wafer Bonding Problems and Possibilities; M. Bergh
(CTH); Doctoral thesis Technical Report no 353,

ISBN 91-7197-751-1 (1998).

Ericsson, Nexus, Nutek, Pacesetter AB, SensoNor

Siemens-Elema AB and VT

I Hamlin Oy, XaarJet AB.
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