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Abstract % Today SensoNor is a major supplier of higtother hand, new products get to the market faster
volume MEMS products to the automotive industry well  gnd faster. One possible reason might be that new
recognized for high product reliability. Howevehet “Si- technology must truly prove itself, both technigall
sensor story” in Horten started with some pionegosne 40 . . o i
years ago and followed by a number of ups and dawer aNd business wise; however, most “fast” products
way to “industry”. A consistent focus on long tetargets are based on a “hot” and “forgiving” marked and
and continuous research and development, have treeial  the products engineered based upon mature
to reach today’s status as a MEMS CoE within Irdme technology.

Real-life project stories describe how product depment ) :
lead-times were related to the actual technologust and Today’s quality  targets for components

also how market timing has influenced the compan@?omponent mean_'ng the first-level bU"d'ng block)
progress. The paper includes a short overview erptioduct States <lppm failed parts for automotive and
development flow and on the methods implementetllista <10ppm failed parts for consumer. In the 70'ties
a number of both common and uncommon compagyd 80'ties, military used to be the most
strategies that are defined to minimize “time-torked”. demanding, today this is turned upside-down
Key Words:industrialization, SensoNor . T . ’
Simply speaking, the quality targets and the
| INTRODUCTION busin_ess targets commonly decide the development
_ _ _ _ lead-times.
My first real experience with semiconductor basedyill in the next paragraphs lead you through some
sensors was deep under the North Sea, down in giehe strategies we have implemented and some of
“cellar” of a huge Condeep oil-platform. | was ahe “cases” we have experienced at ame/SensoNor
young engineer and was set to get structurghd hopefully bring a bit of light to the details o

measurement data from a number of differentiMEMS industrialization and the “mystery” of lead-
pressure sensors based on the first version ofsam@nes.

brand new anisotropic etched Si-sensor. It was a
night mare or even worse; nothing worked, the I MEMS IN HORTEN

signals were floating freely in “space”.

To use these very appealing, compact and h?{‘ce upon gtir_ne (in t_he early 60'ties) there Veere
sensitivity sensors was to some extent gpW enthusiastic engineers that had made their
experiment. But, during my time in that compan)},rammg,, at some World_ leading “engineering
we never did try any more semiconductor sensope100IS™ (In- North America). They returned to
We went back to the traditional and reliable foil°"™"Vay and_ starte_d up semlconduc_tor activities at
strain gauges and the vibrating wire (steeél’ the ”a“O”?" Institute .for ?‘pp"e‘?' Industrial
solutions. esearch (later mtegratd |th Sintef), in Oslo.

A few years later | shifted employer and moved to b A

ame and Horten. | do not know if the history from |

the North Sea influenced upon that decision. I
However, the experience remains me of why the
industry is reluctant to apply unproven technology
and why a controlled product development and
ramp-up is a key competing factor.

Now, twenty-five years later | am still with
SensoNor (ame’s daughter company) and intrigued IR ,
by the “fact” that lead-time from “research to ol R
industry” seems to be longer than ever. On the Figure 1. Olav Stavik with his diffusion oven.




One of the first products was a double sideousiness (Capto) to MemsCap, who still
processed half-bridge piezoresistive Si-cantilevemanufactures both product classes (in Horten).
strain gauge with eutectic Au-Si (combinedVho says that MEMS is a “new” technology? Who
mechanical and electrical) bond to a metakays that life-cycles for MEMS are 5-10 years?
through-glass header. This was just a couple ©hese two products tell very different stories:
years after the planar process was “invented” a®dE800 has been shipped mainly to one key
less than ten years after Bell Labs observation cfistomer for one application for 30 years. AE880
piezoresistivity (in Ge). (later SP80) has made it slowly into the market for
high accuracy pressure sensors (selling priceen th
order of a few 100$) competing with traditional
solutions like the vibrating cylinder pressure
sensor. In this sense, AE800 went into an industria
status immediately after development and did the
job for one particular application without any
major reliability issues. However, the AES880
technology has never really ended the development
phase and is still due minor improvements and

“upgrades”. In this case the applications and

and entrepreneurial spirit of Olav Stavik and i@xpectaﬁons_ The insufficient quality and
1965 he convinced the Aker ship building group tgsjiapility situation in the early 80'ties has been
fund the start of Akers Elektronikk (later ame) anﬁlnproved tremendously, but probably still has
the first facilities were raised in Horten suppdrtesgme way to go to reach automotive standards.

by favorable regional infrastructure. S00Rfhe accumulated total number shipped AESQO is in
accelerometers and pressure sensors were realigRdorder of 0.5M: similar for AES880/SPS0 .

based on this new sensing element. In parallgdyyyiously one can debate if a product or operation
advanced FET components and also IC's g in an industrial phase or in a development phase
telephones were developed and manufacturgdnink the best indicators are the production el
When Motorola and others introduced anisotropignd the economical “bottom line”. Since yield both
(micromachined) etched Si pressure sensors mddg measure for cost and quality, the yield and
70ties, this initiated similar work in Horten aadl  economical results often are correlated, but not
Sl and such sensors were launched in the markehi(,\,ays_ No doubt, if both are “positive” we see an
1980 (literally after only weeks of testing; whichngystrial operation. And for sure, a prerequisite
made me suffer a year or so later). for any industry is that the customer is satisfied.

In 1985 ame was “divided” and SensoNor was
created by the leadership and entrepreneurial spiri
of Sverre Horntvedt and based on ame’s sensor
team consisting of 25 persons. This made it easier
to focus on the emerging automotive MEMS
opportunities compared with the previous
diversified operation. Capital was raised viartigt

on the Norwegian Stock Exchange (OBX) from

Figure 3. The AE880 etched Si pressure sensor, 1980 1992. )
In 1992 the SA20 airbag accelerometer entered the

Products like AE800 (2 inch wafer) and AE880 (4,51et and during the years 93-97 SensoNor was

inch watfer) and later derivatives and “upgrades,e qominating player in the market for electronic
were meant for dedicated

S Iow-volume_ nICh%lirbag sensors with more than 70% global market
applications and have been accepted with thel,re The number of employees rose close to 400.
strength” and “weakness” by the customers. Iy, ined out to be extremely challenging to defend
year 2000 SensoNor sold out its low-volumg,q f,1ther develop that position. New technology

Figure 2. The AE800 Si strain gauge, 1962.




was required and the next generation airbdige to pin-point what makes MEMS more complex
sensors were delayed and TPM (tire pressuaed unpredictable, but to date this “fact” has not
monitoring) sensors had a though time in a markieeéen of any use for changing “normal rules”. The
that was not ready. product development cycle consists of:
a) product idea and IP (intellectual property)
processes
b) product concept generation and feasibility
assessment
c) product design and materialization
d) product verification (compare with targets)
e) product qualification (check for real world)
f) production ramp-up
g) earn money
Figure 4. The SP13 TPM sensor with ASIC, 1998. Just to mention a few of the much used methods

. . and tools related to each phase:
SensoNor was delisted from OBX and acquired by a) literature studies, patent studies, workshops

Infineon Technplogles Ir']t 22.03' A;t presetﬂt, oggoe/ b) business plans, project plans, modeling and
more We experience a situation ot more than 0 simulation, risk analyses, feasibility

global market share, in a rocketing TPM market. |
After 40 years of continuous MEMS activities in anayses - . .
c) more modeling and simulation, test

Horten we are in a good position as a “Global coverage plans, detailed design, masks,

MEMS Centre of Excellence (CoE)” within . .
- . prototype manufacturing, test devices, test
Infineon. Close to 50M sensors have been shipped setup, first samples - demonstrators, FMEA

to car manufactures world wide; 250 employees : -
are dedicated to MEMS, 120 engineers and 20 gﬁ!‘lj;sesmc}de effect analyses), first test

PhD’s. _In Horte(zjn,bbot(h frodnt end (S;)'l and dglatlsst ) test-plans, detailed tests on large device
processing) an ack end (assembly and test) numbers, customer product verification, 8D

Ienx?heélIearlgegor’rt]igrsesg:ggm(t)r;ar;ae\(/aedrian instrumental analyses (failure analyses method), process
b'ay u capability studies and process verification

Ir\;I)ilgrote::r;]nolgg;[/abcl;zrr]lltr(]e?) arll\l dMCI\:/ITI (('?\I/Ioig’r\/:Tgéig ) environmental tests, life tests, first burn-in,
) : customer approval process, pre-production
Innovation) regional cluster. Recently the local runs PP P pre-p

Vestfold University College has started MSc and : : i
PD micro system programs under the slogan ) Yo, MPTOvement programs, effciency

“Hetgrogeneous 3D MEMS Microsystems”. Dependent upon how good you are, there may be
.I th'nk. the past _has shown that the road 1 ne or more loops at one or more of the above
Lndustnafl} MEM(;F n ”H%rten has not beﬁnl fro hases. Some time-constants can not be influenced
research to Industry”, but more as parallel roadqg, 1 ,ch: masks and wafer processing easily takes
of  research, . development  and bUSIneSasmonths; qualification including life-testing egsi
development winded together and dependent UPQlkes 6 months. “Default” time from b to f ends
each other; fueled by enthusiastic individuals. typically at 2-3 yéars.
What really can make a difference is how to realize
Il DEVELOPMENT STRATEGY a) and how to assess your technology status. In
AND METHODS cases where the technology is not in place, the

whole project may take more the fashion of an

Even if targets and markets may differ, the maipdyssey and the project can take years longer and
development phases and methods for electroriiin every budget. Particularly in phase f), the
components for high-volume markets do not diffegffects due to lack of “mature” technology and
too much. The same “system” app“es for MEMQ]iSCOﬂdUCt during prOdUCt deVElopment result in
as for IC technology. We in the MEMS industryverwhelming problems with huge vyield losses,



product failures at the customers as well as I)

use 5 sigma strategy (design for 6 sigma)

unpredicted need for more equipment investments. m) use continuous improvement philosophy

If some new technology (materials, processes and
infrastructure) has to be developed, this normally n)
will delay your program with 2-3 years or more. 0)
You better understand this need before a program p)
starts than during phase f). During phase f) the Q)
customer will be on top of you and the “company”

is no longer in charge of its own day-to-day r)
business.

Several examples of 10 year development s)
programs exist in the MEMS world; like the
famous Texas Instrument DLP (matrix mirrors). t)
When new technology has been needed at u)
SensoNor, we have experienced long product

(yield, efficiency, training)

automate manufacturing monitoring

focus fast problem solving turn-around time
focus efficient modeling and simulation

use both custom and standard methods for
qualification and reliability testing

focus on quality tools and methods (“zero-
defect”, process capability analyses, SPC)
use cross functional project teams and
reviews

focus concurrent engineering

enhance focus on MEMS assembly,
packaging and test

development times in the order of 6 years. Onewill like to stress a few points that apply for

frequently repeated misunderstanding is that whamtomotive and that may not be fully understood or
a functional demonstrator is realized the project appreciated:

well under way; the “fact” is that only 10-20% of a) time targets (commitments) are absolute
the job is done and a similar part of the money b) automotive industry customers have focus

spent at this stage.

Even if the “operating rules” of product
development is quite “firm”, much can be gained c)
by influencing upon the overall “framework” using
proactive  strategies. By assessing and d)
understanding key characteristics of the business
and technology we at SensoNor have pursued somee)
common and some uncommon “politics” like (no

towards cost and reliability and not towards
technology (technology does not sell!)
external partners are fully integrated into
the projects (must follow same “rules”)
suppliers of “consultancy” (soft goods) are
treated like suppliers of physical parts
automotive industry is not “forgiving” (you
don’t have many chances!)

ordering except the first one): | have discussed timing and quality in some detalil,
a) focus on time-to-market but deliberately not mentioned cost figures. Simply
b) initiate and participate in “EU projects” speaking; if the business case is valid and your

(influence projects by company roadmaps)development process under control the costs can

c) contribute in EU MEMS “networks” easily be estimated and financing justified and

(Eureka’s Eurimus, Nexsus, planning of Eléstablished. However, for the completeness of this

SP programs) paper: yearly development costs for an automotive

be visible at academic MEMS conferenceSMIEMS component can easily amount to 3-4M$

(build networks) (excluding manufacturing investments).

proactively recruit international employees

(>20 nationalities today) IV THE SA20 AND SA30 STORY

f) open attitude to cooperation (“not invenki rbag

the wheel”; not afraid for disclosing IP) accelerometer development at

hire research partners according to neeid;]e/SensoNor started as early as 1984 when we
(Sintef, Imego, HVE, NTNU, Leti, FhG,..) veloped our first etched Si mass-spring systems

h) integrate external partners into projects in cooperation with FhG  (Munich). . Not
) stangdardize manu?‘acturin onptejchnolo surprisingly the first samples contained a number
. 9 9¢f issues (like poor mechanical shock capability).
platforms (extensive reuse of processes)

j) focus “fab” flexibility (use of recipes on When we got the opportunity to develop and

same process unit) manufacture a commercial airbag accelerometer in
not affaid to develob New Drocesses Whe1986, the choice of using proven thick film
required P b dlectronics and the “old” AES800 element was

pretty obvious. The product, S64a, entered the

d)

e)

¢)

K)



market using less than 2 years for development awds one of the first MEMS devices to go into real
ramp-up. high automotive volumes. The quality record was
astonishing; reported field failures of < 0.1ppm.
Due to competition new technology was mandatory
for the next generation airbag sensor, SA30, and a
broad technology development was initiated with
Sintef and EU programs as important resources. It
also must be mentioned that SensoNor had
conducted some modest technology development
Figure 5. The S64a airbag accelerometer, 1987. in parallel with product development for years.
One of these developments was anodic bonding

After two years of manufacturing and supply t lass-silicon) worked out in cooperation with 81 i

MB S-class, our customer lost his contract and %e late 80'ties. but not used until SA30 “came
had to stop production after approximately 200 long”. In the SA3O case a complete new front-end

parts produced. line as well as back-end facility had to be

| included this hi_story since we in 1989'9(.) had stablished. In general this went quite well and we
second opportunity for the same application, bWere operational on these new technology

now the market potential was said to be muElgtforms in 1998 after approximately 4 years of

larger and the benefits of a complete wafer-bas velopment.

MEMS approach more obv‘i‘ous.”Onpe more we h wever, SA30 was also our first product with an
to pick either the new “true” micromachiningagic The “world” of ASIC design was

technqi_ogy tor stick to a rtntore “Safe(;. dap%roaCh'tIEompletely new for us and the project experienced
oppos‘! lon "o our competitors we did choose gnificant delays and we did not meet the market
more “safe” way by making an etched single-sid ing
cantilever strain-gauge based on the “ol hi ' ‘. "

. is example shows that “new technology” not
technglotgr]]y f_rom {A‘E88.O/SP8O' In th.'s way w nly means the physical materials and processes,
move € Immature ISSUES on Spring-mass gfns 5150 the whole understanding and culture of a

process_ing over to challenges_ on assembly ag Id of technology. We had 20 years of experience
packaging where the general industry had mo fom MEMS, but no experience from ASIC.

mature technologies available. Also, we “invente ’ven if we did not get to the market with SA30,

bar-qng printing of the individual SeNSOLeveral inertia products were developed on the
sensitivity directly onto the part for later autdima same platform and today the SAR10 gyro is

reading in our customers manutacturing 'Ilne., a ccessfully introduces in roll-over airbag systems
thereby omitting the need for any electronics i th

sensor. Our competitors failed with their “true” V THE TPM STORY

MEMS parts and we had the global business.
The TPM story is almost complimentary to the

airbag story. First interest for tire pressure
measurement was observed in the market late
80'ties and we supplied demonstrator sensors
based on “old” proven AE800/S64a technology.
When the German market really focused on this
application in the early 90’ties we were recognized
from the demonstrators as well as from the
Figure 6. The SA20 airbag accelerometer, 1992. manufacturing of SA20.

The product took nearly three years to develop aréie TPM products were developed on the new and

the ramp-up uncovered significant yield issues (ntadvanced” technology platform (TP4), including

related to the Si-cantilever) and lasted for twaenoASIC, already available from the SA30 project.

years. However, the product was a great market

success, and when phased out after 8 years, in year

2000, more than 35M devices had been shipped. It



years after start of product development. From the
start of first shipment in 1998 and to date the
number of field failures is close to zero.

VI CONCLUSIONS

Our customer base have been *“loyal” over the
years and thereby expressed their clear
appreciation of the high level of quality and
reliability. If 1 had to pick one single quantitedi
factor that made it possible to establish and susta
a leading environment for MEMS at SensoNor in
Horten, | would have picked “product reliability”.
To some extent this aligns with my first experience
from the North Sea. But, the case studies also show
the very important factors of market-timing,
development control and capability to stand the
Figure 8. The two-chip over-mould package. “race”.

SensoNor’s development strategy and the practical

The philosophy did prove itself; the projects "8l chievements are linked together and based on the

really smoothly and according to the “book”. In . e .
this case the products were ready in time, but tHgderStandlng that lead-time for developing a

market developed much slower than anticipaté)dartICUIar product is not that long if the techrgylo

o . iS quite well understood and established.
and real volumes (millions/year) did only_. .

. o Finally, continuous and long term focused research
materialize after US legislation as result of the

tragic Ford Explorer/Bridgestone incident. IS needed to always be prep‘?‘red to launch the right
. product development at the right time.
At present, ramp-up is close to completed, 8-9

Figure 7. The TP4 glass-silicon-glass technology.



