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ASSESSMENT OF ELECTROCERAMICS RESEARCH IN
EUROPE AND THE MIDDLE EAST

1 INTRODUCTION

The title of this report is a bit
ambitious for someone who spent just 1
year, working part-time as a Liaison Sci-
entist at the Office of Naval Research
Branch Office, London--perhaps ''some ob-

servations"” would be more apropos than
"assessment." Research in electronic
ceramics 1is very extensive throughout

Europe and the Middle East (E/ME), and
much of it is of very high quality. I
will try to give the flavor of this re-
search based on my sample during the past
year.

The most exciting thing that hap-
pened in electroceramics during my tenure
in Europe was the report from IBM Zurich
Laboratories of the discovery of high-
transition-temperature superconducting
ceramics., This 1nitial discovery was
followed up most rapidly by laboratories
in the US and Japan, but now hundreds of
laboratories 1in E/ME are actively in-
volved or are planning to initiate re-
search 1in the area. It is heartening
that my replacement at ONRL will be Dr.
Allen F. Clark (NBS, Denver), who will
concentrate on superconducting materials.

Reviews of most of my liaison visits
appeared in the Furopean Science Notes
(ESN) or as ONRL reports and 1 certainly
do not intend to repeat that material in
this report. Rather, I will touch on some
of the highlights of those publications
and discuss some of the things I learned
from other liaison visits that for one
reason or another did not result in pub-
licattons. I will discuss research in
four peneral areas: dielectrics, sensors,
hybrid microelectronics, and nonconven-
tional processing,

2 DIELECTRICS

Both basic and applied research ac-
tivities on ferroelectric materials are
widespread in E/ME, and some of this was
discussed in my report on the meeting of
the Dielectrics Society (~'N 41-9:494-496
[1987])). Professor (. Arlt (Aachen Tech-
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nical University, West Germany) is con-
tinuing his pioneering work on the role
of domain walls on properties of ferrco-
electric ceramics, and Professor 7ontana

(University of Metz, France) is doing
some very Interesting thecrctical .e-
search to relate dielectric dispersion

and lattice dynamics in relaxor ferrc-
electrics. A recently completed micro-
structure study at the Universityv of
Essex, UK, has identified nanoscale do-
mains within normal macrodomains in re-
laxor ferroelectrics, thereby confirming
earlier theoretical predictions of the
existence of such domains. The relaxor
ferroelectrics are being wutilized in
imaginative ways in pyroelectric detec-
tors at Plessey Research, Caswell, UK
(FSN 41-2:78-82 [1987])). The laser in-
tensity modulation method developed bv
Professor Lang (Ben-Gurion University of
the Nagev, Israel) 1is a poctentially
powerful experimental tool to study po-
larization distribution in ferroelec-
trics.

Research on electro-optic materials
is also very active in E/ME, but the ap-
plied research in the industrial labora-
tories is being kept very proprietary,
Some of the most interesting research I
encountered was on use of the photore-
fractive effect for storing volume phase
holograms. Professor Kratzig (Universitv
of Osnabruck, West Germany) is trying to
identify the nature of the trapping cen-
ters in doped potassium tantalate-niobare
(KTN) and to relate this to the figure of
merit for holographic storage (ONRL Re-
port 7-008-C). Professor Yaccbv (Hehrew
I'niversity, of Jerusalem, Israel) is alsc
working with doped KTN, but i+ utilising

the

dielectric-induced photorefract e
vitect, wh.cn he claims pives figures .t
merit 100 tines larger in the same na-

terial (AN 41-8:425-427 [19R71),

I SENSORS

There {is a great amcunt o! interest
in ceramic sensors in FE/ME, and 1 had an
opportunitry to sample scme of this woer'
The research at the Upiversitv of idin-
burgh, UK (08 S1=4:190-197 [198.]) =
inteprated and bebrid ph sensors 1s ¢
S e N N SR NN




quality, as is the research on semicon-
ducting oxide gas sensors at AERE Har-
well, UK (ESN 41-8:427-430 [1987]). The
research on thick film pressure sensors
for automotive applications at Marelli
Autronica and the University of Modena,
ltaly (ESN 41-9:496-501 [1987] is the
best 1 have seen in this area, and the
research laboratory at Robert Bosch GmbH
(West Germany) 1is involved in some very
imaginative research on integrated pres-
sure sensors using freely supporting
structures created with thick film tech-
nology. All in all, T believe the ceram-
ic sensor research in E/ME iIs as good as
znywhere in the world,

4 hYBRID MICROELECTRONICS

Hybrid microelectronics in E/ME is
undergoing changes and moving in direc-
tions very similar to its counterpart in
the US and Japan. It is not that one part
0i the world is leading and the others
toliowing, but rather that all are re-
sponding to similar needs and challenges
in their own ways. Looking at where the
rescarch is conducted one sees a very
strong collaboration between the univer-
sity and industrial research laboratories
‘n Japan, in contrast to the US where the
ereat majoritvy of research is done in
industrial 1laboratories. Europe falls
somewhere between these two extremes, In
italy and particularly in Poland, the
university-industrial interaction is es-
peciallv strong, as detailed 1in two FUN
irtacden (41-3:133-139 and 41-9:496-~501
‘both 1987)), but does not appear to be
a< prevalent elsewhere on the continent.
In the past there was some excellent
basic research in thick film components
and Tuterfals at several universities 1in
the "t fe.g., Imperial College, Chelsca
College, and the University of Edin-
Fareh), but this research has been either

terminated or greatly reduced due to
shirts in funding to other areas. Most
ot the university research in the UK iy
now centered In the polvtechnics, For
veantle, there s cone good researci be-
I “lucted gt the Microelectronics

Middicaex Polvtechnic In Londoun
Wt trong industrial support, and King-
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ston Polytechnic (Kingston-upon-Thames)
is ~xpanding their activities in hybrid
microelectronics.

In the area of thick film ink sup-
pliers, DuPont 1is the giant in E/ME as
it is in the US, with about half of the
market (precise sales figures of ink man-
ufacturers are some of the most closely
guarded secrets in the hybrid industryv).
DuPont manufactures thick film inks using
intermediates manufactured in the US at
Stevenage, UK, Besancon, France, and Neu-
Isenburg, West Germany. The Stevenage
facility was the subject of a recently
published company profile (Cullen, 1987).
The second largest supplier of thick film
inks (approximately 25 percent of the
market) 1is W.C., Heraeus GmbH with their
production facilities in Hanau, West Cer-
maiy. Heraeus has been considerably
strengthened by their acquisition of
Cermalloy in the US, as demonstrated by
their facility in Byfleet, near London,
which manufactures inks for the British
market using Intermediates from both West
GCermany and the US, The remaining 25
percent of the European thick film ink
market is supplied by a number of smaller
companies, most of them based in the US.
For example, EMCA has a facility near
Cambridge where they formulate iInks for
the European market using intermediates
from their main plant in the US.

All of the commercial thick film
suppliers in Europe carrv cut development
projects, most commonly for products to
satisfy a particular customers' needs,
but only Heraeus conducts extensive re-
search on the materials ispects of thick
films. The rest of the companies, in-
cluding DuPont, rely on their research
laboratories In the US to conduct the
more long range research studies. Two
exceptions that I uncovered were in Yugo-
slavia (in process for FUN 41-10) and
Poland (F5N 41-3:133-139 [1987]) where
the lack ot hard currency has forced them
to undertake the materials research nec-
essary to produce their own thick film
inks.

There is an intense interest in sur-
face mount technology (SMT) throughout
Europe because of its potential for in-
creasing reliability and reducing costs
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through automated assembly. For example,
see my reports on computer aided de-
sign for SMT in the UK (ESN 41-6:314-318
[1987]) and the European Microelectronics
Conference (in process for ESN 41-11)).
In 1986, S$M1 accounted for 10 percent of
the European hybrid market, and a recent
survey predicted that this will increase
to 38 percent by 1990, so the trend is
obvious. There is very little fundamental
research going on in Europe (or in the US
for that matter) on the materials aspects
of SMT even though there are a number of
areas where the depth of understanding is
very poor (e.g., Interface science). The
best basic research seems to be in the
area of heat transfer and thermal manage-
ment.

There 1s some good long-range re-
search underway in a number of European
industrial laboratories on a variety of
approaches to high-density interconnec-
tion systems. Several of these were dis-
cussed in my reports on the European Mi-
croelectronics Conference (in process)
and Standard Telecommunications Labora-
tories (&<N 41-10:593-594 [1987])). Copper
thick film technology 1s somewhat of an
enigma in Europe. There is a significant
use of copper thick films (e.g., six com-
panies had displays of copper-based cir-
cuits at Hybrid Microtech '87, a seminar
and trade show held in January, near Lon-
dor), and there is a lot of research 1in
progress, However, very few of the people
involved in the research are willing to
talk about what thev are doing, In con-
trast to the US where manvy technical pa-
pers are published and there s at least
cne conference per vear dedicated to cop-
per technology. The Furopeans consider
this area much more proprictarv than does
U's industrv.

5  NON-CONVENTIONAL PROCESSINCG

There are a number of recscarch labo-
ratorfes in F/ME inveived in studies of
alternate processing methods for clec-

tronice ceramics, I did not detect the
v o1 of interest In this area that ex-
vt in the US, but some geod rescarch

tounderwav,

The Schott Glass Works in West Ger-
many is a world leader in sol-gel proc-
essing, currently producing millions of
square meters per year of oxide films on
glass by the dip coating process. Their
research laboratories are currently work-
ing on films with tailcred optoelectron-
ic, magnetic, and electrochromic proper-
ties. Professor Livage (University of
Pierre and Maria Curie, Trance) is doing
some excellent basic research on hvdroly-
sis~condensation reactions but the most
exciting area, at least to me, is his
research on all-gel devices. These de-
vices utilize the electronic properties
arising from hopping of unpaired elec-
trons between metal {ons in dirferent
valence states, the lonic preperties
arising from proton diffusion through the
l1iquid phase, and the electrochemical
processes which involve bhoth phases.
These two research projects are discussed
in ONRL Report 7-005-C.

Basic research on precursor com-
pounds for metal orgaric chemical wvapor
deposition (MOCVD) is underwav at i num-
ber of chemistry departments in the 'K
(e.g., Oxford University, tniversity o!
Redding, and Queen Mary's Coilege), o |
ran across some Imaginative reactor de-
sign for MOCVD deposition o7 terroele
tric and conducting oxide *ilms at -
perial College in the UK 0 0 41-1 050 .-
595 [1987 D). Alsa at Irperial o lege
the research on solid oxide tuei cells s
almost totally deperdent on the develor-

ment of  innovative processting teonnigues
to build the multichannel onewoome o
Corregdated redactor strvcty e (R '

apply  the air and toel cocectiodes
these <tructures,
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but some excellent research is being car-
ried out in the industrial laboratories.
Although there is some very good research
on electronic ceramics in E/ME, 1 would
rate the overall quality and quantity on
a leve! slightly below that of the US and
Japan. Unfortunately, I only had time to
visit laboratories in less than half the
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countries in E/ME so my assessment may
suffer from sampling error.
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