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European Colloquium on
Interfaces Held in Petten

The European Colloquium on “Design-
ing Interfaces for Technological Applica-
tions: Ceramic-Ceramic, Ceramic-Metal
Joining” was held April 20-21, 1988 in Pet-
ten, the Netherlands. It was sponsored
and organized by the Joint Research Cen-
ter (JRC), Petten Establishment within the
framework of the Commission of the Euro-
pean Communities’ role to support Euro-
pean industrial development.

The meeting’s objective was to assess the
potential of an interfacial science approach
to improve the technology of joining ce-
ramic materials. Joining is recognized as a
critical factor in determining the acceptabil-
ity of the new generation of engineering
ceramics as components in industrial serv-

ice.

JRC Petten, the host site of the collo-
quium, has an established tradition in high
temperature materials research. The cen-
ter, which has conducted extensive re-
search in high temperature mechanical
and corrosion properties of advanced ce-
ramics, now has an ambitious research
program on tailoring interfaces for ceramic
joining and composites.

The colloquium was attended by 120
participants from research centers, univer-
sities and industrial laboratories. It covered
three main subject areas, with topics in
each area reviewed by invited eminent
specialists as follows:

Joining Technology—technical require-
ments for designing interfaces for thermo-
mechanical applications (D. Parker, T&N
Technology Ltd., UK) and for electronic
applications (K. Guy, GEC Research Ltd.,
UK); joining methods for structural ce-
ramics (M. Nicholas, UKAEA-Harwell,
UK); testing and mechanical properties of
joints (G. Elssner, Max-Planck Institute, W.
Germany), and fracture of joints (G. de
With, Phillips Research Labs, Nether-
lands).

Interfacial Science—thermodynamics of
ceramic/metal interfaces (J. Klomp, TNO
University, Netherlands); structure of in-
terfaces (M. Ruhle, University of Califor-
nia, Santa Barbara, USA); wetting and
adhesion (N. Eustathopoulos, LTPCM-
CNRS, France); and theoretical aspects of
bonding (K. Stoneham, UKAEA-Harwell,
UK
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Current Research and Outlook—review
of R&D program in Europe (K. Ostijn, Be-
Igian Welding Institute, Belgium), the
United States (R. Loehman, Sandia Na-
tional Labs, USA), and Japan (T. Suga,
University of Tokyo, Japan); materials to be
joined in 10 years from now (M. Lewis,
University, Warwick, UK).

The colloquium was followed by a half-
day workshop chaired by Prof. Fischmeis-
ter (Max-Planck Institute, W. Germany) in
which the invited speakers and a number
of selected experts participated. Its aim
was to identify research needs, decide
whether the bridging concept between in-
terfacial science and joining technology is
valid, and recommend research trends and
follow-up actions. The workshop proved
to be a valuable contribution to the collo-
quium and produced much constructive
discussion. The workshop findings will be
published in the colloquium proceedings.

For information about the colloquium
proceedings contact: Materials Informa-
tion Center, CEC, JRC Petten, Postbus 2,
NL-1755 ZG Petten, Netherlands.

S.D. Peteves
CEC, JRC Petten

Second European Workshop
Demonstrates Strong Interest
in MOVPE

The second European Workshop on Me-
talorganic Vapor Phase Epitaxy demon-
strated the strong interest in MOVPE that
has been established in Europe since the
beginning of the 1980s. Organized by the
British Association for Crystal Growth, the
workshop has also established a pattern
for annual workshops on this topic. The
first workshop was held in Aachen, W.
Germany in 1987. The third workshop is
scheduled for June 47, 1989 at Montpellier
and is being organized by Prof. G.
Bougnot.

The second workshop was held June 19-
22, 1988 at the University of St. Andrews,
an ancient university town on the east
coast of Scotland. It was organized in con-
junction with a NATO-sponsored work-
shop on Mechanisms of Reactions of
Organometallic Compounds with Sur-
faces. This provided an opportunity for
joint sessions on reaction mechanisms and
modeling, held the last day of the Euro-
pean workshop and at the start of the
NATO workshop.

The format of the poster sessions pre-
sented the 207 workshop participants with
a novel opportunity for discussion. All
contributed papers (79) were presented as
posters, but with the addition of post-
viewing discussion sessions to highlight
the more controversial points raised in the
posters. Healthy controversy was evident
throughout.

The morning sessions comprised invited
talks on key issues in MOVPE. 1.D. Hen-
ning (British Telecom) highlighted the
challenge of new optoelectronic devices

and, in particular, the need to integrate de-
tectors and emitters with electronic func-
tions. This requires the growth of
heterostructures such as GaAs/InP and se-
lective area epitaxy. The InP-based alloys
are used for the emitters and detectors,
while GaAs is used for FETs. It was pro-
posed that GaAs FETs were less sensitive
than detectors or emitters to dislocations,
so it would be preferable to grow the
lattice-mismatched GaAs onto InP rather
than vice versa. The GalnAsP optoelec-
tronic heterostructures could then all be
lattice matched to the InP substrate.

A different view was taken by M. Ra-
zeghi (Thomson-CSF), who reported on
recent advances in III-V epitaxy on Si.
GaAs has a 4% lattice mismatch and InP an
8% mismatch with Si, which can give rise
to high dislocation densities in the epitaxial
layer. Propagation of dislocations can be re-
duced using a lattice-matched superlattice
with device structures grown onto the su-
perlattice. A further problem with hete-
roepitaxy on Si is the mismatch in thermal
expansion coefficients. This is less in the
case of InP, and recent results were re-
ported where InP buffer layers were grown
directly onto Si with 1.15 um diodes or 1.3
um lasers as the device structures.

A related poster session on non-lattice-
matched structures highlighted the impor-
tance of reducing dislocation density and
of the problems of thermal expansion mis-
match. Several papers were concerned
with GaAs heteroepitaxy on Si. Ackaert et
al. (University of Gent) demonstrated a
novel solution to the thermal mismatch
problem by using selective epitaxy of GaAs
in etched windows in an SiO, coating.
Choice of the size and shape of the win-
dows could avoid wafer bending and
cracking in the GaAs.

Uniformity of alloy compositions and
electrical properties is a topic that is in-
creasing in importance with the commer-
cialization of MOVPE. A. Mircea et al.
(CNET) described a “T"-shaped horizontal
reactor design which used a gas “curtain”
to avoid reactive gases collecting around
the rotating substrate. Uniformity results
over a 2-inch wafer were 1% in growth rate,
100 ppm change in GalnAsP composition,
and 5% in doping concentration.

Indeed, requirements for material qual-
ity and uniformity place ever increasing
demands on materials characterization. B.
Hamilton (UMIST) described some tech-
niques and problems associated with char-
acterizing MOVPE layers. The poster
session on characterization featured a
range of contributions covering x-ray dif-
fraction, photoluminescence, electrical,
chemical analysis, and electron micros-

copy.
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CVD GASES

100% GC / MS
Analysis!

Voltaix, specialists in

the custom packaging of
CVD gases offers:

silane, disilane, trisilane;
germane, digermane;
phosphine, diborane;
and gas mixtures.

—ALSO—
100% GC/MS Analysis

If you have concerns about the
safety and consistency of your
CVD gas mixtures, you may
want to learn more about our
GC/MS analysis capabilities.

Purest Silanes,
Germanes, Dopants

Our strategy is simple: We
make or purchase the highest
purity gases available, purify
using our proprietary methods
where required, mix by weight,
package into passivated
cylinders, and QC the whole
process by GC/MS.

Cylinder Valve Choices-
for Quality & Safety

Voltaix was the first specialty
gas supplier to offer the option
of VCR outlets on the cylinder
valve. These connections are
universally respected for their
ease of sealing and leak-free
performance, and provide a
welcome alternative to the
conventional CGA outlets.
Voltaix also offers various
pneumatically controlied
cylinder valves which lend
themselves to automated,
fail-safe gas supply systems.

Voltaix, Inc.

P.O.Box 5357, 197 Meister Ave.
N. Branch, New Jersey 08876

Telephone: (201) 231-9060
Telex: 9102500134 VoltaixUQ

Please visit booth no. 4 at
the MRS Show in Boston,
November 29- December 1, 1988,

The poster session on doping generated
discussions on the problems of n-type do-
ing III-V compounds at high carrier con-
centrations. X. Tang et al. (University of
Nijmegen) showed that for donor concen-
trations above 3 x 10%cm? in GaAs, the
compensation ratio approached 1 and
higher SiH, flows resulted in precipitates.
M. Vilela et al. (Laboratoire Physique du
Solide et Energie Solaire) used Pb from te-
traethyl lead to dope GaAlAs up to con-
centrations of approximately 10“cm?®.

Two different groups reported on a new
effect of hydrogen incorporation in InP: S.
Cole et al. (British Telecom) and B.R. Butler
et al. (STC Technology). The electrically ac-
tive level of zinc-doped InP depends on
how it is cooled from the growth tempera-
ture. With an ambient of AsH,, the activity
is less than with PH, which, in turn, is less
than for an H, ambient. Both groups agree
on the mechanism of monoatomic hydro-
gen on the surface diffusing into a cooling
layer. Concentrations of hydrogen up to
approximately 10%cm® were detected by
SIMS and appear to compensate or neu-
tralize the Zn acceptor.

Doping in II-VI compounds is at a much
earlier stage of development but, if suc-
cessful, could lead to rapid implementa-
tion of MOVPE for these materials. P.
Capper et al. (Philips Research Laborato-
ries) reported on successful p-type doping
of CdHgTe using As from AsH, up to con-
centrations of 3 x 10"cm?. Good agreement
was obtained between SIMS and Hall
data, indicating a high activity factor.

Speaking on Cd,,Hg,,Te grown onto
GaAs for optical fiber communications
L.M. Smith et al. (GEC Hirst Research
Center) challenged the domain of III-V
quarternary alloys for 1.3 - 1.55 um photo-
diodes. The low series resistance, 40Q and
approximately 10 nA reverse bias leakage
currents were comparable with GaInAsP
detectors. This result is all the more re-
markable because the substrate/layer lat-
tice mismatch is 14%.

A critical comparison between MOVPE
and MOMBE was made by M. Weyers and
P. Balk (Technical University, Aachen),
who posed the question - are they really
different? The differences are more a ques-
tion of degree, despite the differences in
growth chambers and transport mecha-
nisms. V/II ratios, surface kinetics, and
carbon incorporation were compared with
the two methods.

The challenges for new device applica-
tions were highlighted in two contrasting
papers, one on visible emitters by J.P. An-
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dre (LEP) and the other from J.L. Beeby
(University of Leicester) on new device
concepts. New devices could exploit some
of the physics of low dimensional struc-
tures, particularly in high electric fields. A
very high degree of control would be re-
quired in the growth process, and old con-
flicts were stirred by comparisons with
MBE.

A poster session on precursors demon-
strated that MOVPE is no longer in the era
of “just accept what's available” but repre-
sents a new challenge to design meta-
lorganics for a required purpose.

Extensive studies of surface reactions of
organometallic As compounds by TR.
Ormstead et al. (University of Minnesota)
were used to propose reaction paths which
help explain carbon incorporation prob-
lems. Arsine substitutes are an important
topic because of the need to improve safety.
Two other papers were devoted to this pur-
suit, one by M. Lopez Coronado et al.
(Ciudad Universitaria, Madrid) using
diethylarsine, and the other by R. Druilhe
(CNRS) in collaboration with authors from
Liban, Belvedere, and Valbonne, using
trimethyl-and triethylarsine. Notably,
much of the discussion session was occu-
pied with aspects of safety. A novel solu-
tion to the old problem of monitoring alkyl
pressures was proposed by Butler and
Stagg (STC Technology), who used an ul-
trasonic technique to monitor trimethylin-
dium. -

The joint NATO/EW-MOVPE session on
reaction mechanisms included talks on the
D, labeling technique by G.B. Stringfellow
(University of Utah), modeling of the
chemical boundary layer by M.H.]. M. de
Croon and L.]. Giling (University of Nij-
megen), atomic layer epitaxy by P.D.
Dapkus et al. (University of Southern Cali-
fornia), and photo-induced organometallic
processes by J. High (British Telecom). The
posters on this topic mostly concerned re-
actor designs, modeling flows, and deter-
mining flow patterns. One notable poster
that drew alarge crowd was by J. van Such-
telen et al. (University of Nijmegen). Their
poster on the pulse reactor was backed up
with a video of the reactor in operation.
Mass flow controllers were eliminated by
switching in fixed volumes of precursors in
the vapor at low pressures. The sequence
of switching was elegant and certainly
wins the prize for the most original ap-
proach.

S.].C. Irvine
RSRE, Malvern
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