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Conference Reports

REPORT ON THE INTERNATIONAL
CONFERENCE ON THIN AND THICK FILM
TECHNOLOGY HELD AT AUGSBURG,
GERMANY, 28-30 SEPTEMBER, 1977

This three-day international conference on Thin and
Thick Film Technology organised by the NTG (the
German Telecommunications Society affiliated to
the IEEE) attracted nearly 300 delegates to its
Autumn meeting in Augsburg. An ambitious attempt
was made to cover a very wide range of technological
subjects representing a challenge to most of the
participants but providing a timely reminder that
although the first film circuits were produced only
20 years ago there is already a danger that technolo-
gists become over-specialised and wish only to be
involved in their own particular narrow part of the
field. In this Conference there was at least as much
attention directed to Thin Film technology as to the
more widely utilised Thick Film technology. Never-
theless the depth of serious study and the potential
importance of technical developments in both areas
was clearly demonstrated by the varied contributions
to the Conference programme.

Professor Ernst Ltlder from the University of
Stuttgart opened the Conference with a reminder to
the audience that not only does hybrid technology
at the present time encompass a very wide spectrum
but if it is to play the role which will be expected of it
in the future it virtually has to be ready for every-
thing. It will be involved with components as
diverse as optical devices and displays, sophisticated
microwave assemblies and thermal printers where
accurate resistors without trimming at a size of only
100 x 200 microns are required. This introduction
was followed by a contribution from Dr. Rtttgers,
who pointed out that in assessing the prospects for
hybrid thick f’dm activities it was useful to establish
the value of two particular parameters. On the one
hand one should examine that proportion of the
total device cost in electronic equipment for
particular areas which involve hybrid techniques and
then secondly, establish the likely growth rate for
this proportion in the next few years. Such figures
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can be of considerable assistance compared with
merely looking at the actual hybrid turnover in
different sectors of electronic application.

Two of the four papers dealing with Thick Film
Resistor Pastes were concerned with carbon-resin
systems for the production of conductive plastic
tracks. Nevertheless the strong "physical" emphasis
of most of the papers was illustrated by a thorough
and commendable study carried out by engineers
from the Heraeus company in Germany on the
production of cermet resistors based on the ruthenium
system which illustrated in no uncertain terms the
need for ensuring that the thermal expansion of the
fired-on layer should be less than that of the substrate,
if one is to avoid the danger of micro-cracks appearing
in the resistive film after laser trimming. Some
members of the audience will have reflected on the
thought that this golden rule was well established by
vitreous enamellers and ceramic glazers of many
decades ago. The fact that some materials which
have been used.in thick film technology may not
have complied with this well-established requirement,
and were therefore liable to give most undesirable
results on laser trimming, posed a question as to how
Thick Film technology has progressed to this stage if
it flies in the face of such obvious requirements. It
may be acceptable for the materials manufacturers
to keep their constituents a closely guarded secret
provided they know what they are doing, otherwise
they and their clients might do better to have a
thorough consideration of these obvious points if
at least the basic facts were known and disclosed.

Another paper which rather stood out on its own
came from the Micaply Company and referred to an
improved form of their resistive/conductive foil
laminate which provides an uncommitted basis for
the production of resistor networks. With the recent
introduction of a high temperature base for this
material the power handling capability has been
increased significantly. The use of organic materials
in the conductive plastic applied to ceramic substrates
and this corresponding use of conventional film
materials on an organic substrate illustrates an
interesting contrast. However, a further somewhat



66 CONFERENCE REPORTS

surprising contribution from Siemens described the
use of a thin organic dielectric layer applied to an
otherwise entirely inorganic thin film circuit to
produce a simple but reliable crossover facility.

The undisputed importance of conductors in
thick film technology, particularly with the essential
requirement of ensuring reliable and permanent
bonding was illustrated in papers from both Du Pont
and E.S.L. Both of these contributions related to
gold thick film conductors. The versatility of the
recently introduced fritless gold compositions has
been increased further by the introduction of new
alloys. The alloying additions are believed to retard
gold-aluminium intermetallic formation and thereby
increase the reliability of aluminium wire bonds even
under long term storage conditions at elevated
temperatures.

One contributor raised a new note of warning
about the harmful effect of any halocarbon vapours
which are commonly used for general cleaning and
vapour decreasing in hybrid manufacturing facilities.
The vapours involved, in concentrations of only
100 ppM, can result in the adhesion of the gold
decreasing dramatically, and it was suggested that
this effect could be more harmful to the hybrid
circuit manufacturers than the original purple plague
was in the semiconductor industry. It was interesting
to hear from a later speaker from A.V.S., who
claimed that purple plague was in fact no serious
danger in hybrid interconnections even if it was
found to occur. He presented results which showed
that the voids which are known to occur in aluminium-
rich intermetallics were diminished by the presence of
the alloying agent, possibly by reducing the mis-
match of expansion and therefore minimising the
voiding effect
A contributor from S.E.L. in Stuttgart proposed a

move away from noble metal conductors on the
thick film circuit to which i.c. chips are attached,
and presented an interesting new concept involving
the vacuum deposition of chromium or titanium
followed by copper for those areas which are to be
connected by, for example, soldering to external
conductors or added elements and on the other hand
deposited aluminium for wire bonding using aluminium
wire to the i.c. chips.

In an overall historical review of thin film circuits
based on tantalum, Dr. Berry referred to the use of
highly nitrogen doped tantalum for the production
of combined R-C networks in about 1975 and then
referred to the interesting progression of buffer or
barrier layers which have for a long time been
regarded as essential between the tantalum layer and

the overlying gold. Originally the use of a film of
titanium under the gold was replaced in 1971 by a
double buffer layer of titanium and palladium. In
1975 this was further superseded by the use of
titanium, palladium, copper, nickel and then gold for
the overlying conductor with a recent indication of a
possible elimination of the palladium layer. He
referred to the advantage of laser trimming compared
with anodisation techniques in permitting an increase
of the sheet resistance of the tantalum to about
300fZ/sq.

Using a negative working film resist (Riston-T193)
good adhesion is obtained and etching to 50 micron
line width is possible. This process would then use
additive gold (plated through Riston windows)and
thereby avoid gold etching and the problems
associated with the need for gold recovery but also
with a considerable reduction in gold inventory.
Following on this theme Dr. Berry wondered whether
in due course gold would be replaced by copper. In
this competent and up-to-date review of thin film
tantalum technology it was interesting to note that
the author was. prepared to consider making full use
of neighbouring technologies, particularly in regard to
overcoming the difficulty of establishing satisfactory
crossover or multilayer techniques in thin films. In
this case he proposed the use of thick film technology
for effecting the crossover point of the circuit with
the subsequent addition of the overlying thin film
conductors in a process which he called Beam Cross-
over. His final reference to the possible use of a
plastic layer with a conductor superimposed over the
top to effect a crossover facility seemed somewhat
surprising to some members of the audience but this
was referred to later and in more detail by Gunter
Kiessling of Siemens. who described .a production
process based on standard tantalum technology on
glass or alumina substrates which includes the screen
printing of "an insulating patch" followed by the
evaporation of a further nichrome-gold layer or by an
electroplating process. The proposed lacquer was
based on a phenolic resin and produced by Wiedoprint
and intended primarily as a solder resist lacquer, In
this paper the results of quite severe environmental
test conditions showed a remarkably satisfactory
level of performance. The author of this paper
regarded his screen printed plastic film as a utilisation
of thick film technology and he claimed economic
advantages for this combination of thin and thick
films.

If one does have to soft solder onto gold layers
and utilise materials such as indium based solders (i.e.
indium/tin or indium/lead) one paper from AEG-
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Telefunken examined carefully the processes of
diffusion and leaching at various storage temperatures
and suggested that with careful control of time and
temperature of soldering, high reliability joints can be
assured.
A paper by Dr. Baeger described his development

of a single tantalum film based on reactive sputtering
in a mixture of argon nitrogen and oxygen with the
oblective of producing a film from which both
resistors and dielectric layers could be produced. The
temperature coefficients of the resistors and capacitors
are adapted to balance each other within a very few
parts per million.
A further paper from Stuttgart described a layout

in which an initial tantalum layer of about 2000 AU
is deposited on glass and then anodised to provide
the required dielectric. An overlayer of Ni Cr-gold is
then applied to cover the major portion of the
meandered resistive tantalum layer but the ends of
each of the meandered loops are allowed to protrude
outside of the top conductive layer. Laser cutting is
used to extend the inside gap in these loops hence
increasing the resistance value of each limb for
tuning purposes.

The final contribution from the team at Stuttgart
related to the particular aspect of developing multi-
layer structures in thin film RC circuits. It must be
noted, however, that this "multilayer" concept
relates specifically to RC film circuits in which, after
depositing an initial resistive film (Ta + N) followed
by an A1 layer, the capacitor film (TaOxNy) is
sputtered and anodised followed by the application of

the top electrode (NiCr-Au). The technique is not
intended to provide general purpose multilayer
technology with low capacity crossover facilities etc.
A further paper from Munich University

emphasized the importance of film circuit technology
in the production of filters and described a system in
which the frequency selected properties of the human
hearing system are simulated by a set of 96 channel
filters in the frequency range 20 Hz to 40 kHz.
A session of considerable significance was devoted

entirely to high frequency applications and amply
demonstrated the virtues of the precise layout and
accurate control of geometrical parameters implicit in
fdm technology in achieving the necessary performance
characteristics. Several of the papers concentrated on
techniques for accurate measurement of attenuation
and of properties such as dielectric constant and
unloaded Q-factors of the microstrip lines (and of the
equivalent reactances for impedance "steps").
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INTERNATIONAL SOCIETY FOR HYBRID
MICROELECTRONICS SYMPOSIUM
(I.S.H.M./U.S.A.) HELD 24-26 OCTOBER, 1977,
BALTIMORE, MARYLAND.

This meeting was held at the Civic Centre in Baltimore.
There were two parallel sessions during the 21/2 days
of the meeting and there was also an exhibition held
in the Sports Stadium of the Civic Centre. The organi-
sers are to be congratulated on the smooth running
of the meeting and the exhibition, especially as with
a total of close on 900 delegates, there were far more
delegates than was originally anticipated.

The theme of the conference was ’Hybrid
Microelectronics the maturing technology’, and
under this banner sessions were held on all the varied
aspects of hybrid microelectronics, ranging from

papers on the materials used in hybrid microelec-
tronics to hybrid applications and the economic
situation.

Sessions were held on Thick Film Hybrid Micro-
electronics, Hybrid Design Concepts, Thick Film
Resistor Technology, Automated Bonding Systems
and Materials, Quality Control and Reliability,
Microwave and Thin Film Hybrid Integrated Circuit
Technology, Materials in Hybrid Microelectronics,
Components in Hybrid Microelectronics, Hybrid
Manufacturing Methods and Technology and
Progress in Hybrid Application Engineering. In
addition, an evening workshop was held on Failure
Analysis in Hybrid Microelectronics.

It is impossible to do justice to all the 55 papers
presented at this meeting, especially as any one person
could only physically attend half the papers given.
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Furthermore, what appeared to be important
developments to one individual might not be regarded
as such by another.

The papers demonstrated the steady improve.ment
which occurs from year to year in this rapidly
expanding field. Improvements in substrates were
exemplified by a paper on the use of Beryllia
(Himmel and Kamensky) and on the use of a new
type of ceramic impregnated Teflon (Hutchins). New
or improved printing materials were discussed, inclu-
cling an improved dielectric (Sproull, Gerry and
Bather). A complete session was devoted to thick
film resistors. Add-On Components were considered
in depth; an interesting paper was given on the use of
incrementally adjustable fixed ceramic chip capacitors
(Leigh), and a high voltage multilayer ceramic chip
capacitor (Maher and Burks). Adjustment of resistors
was examined in various papers, including one on
abrasive trimming (Weightman) and on the effect
of laser beam trimming (Wood).

It is evident, from this meeting, that there is a
continued rapid growth in the field of thick film
hybrid microelctronics, a growth which is taking

place in a considerably improved situation in the
whole field of electronics in the U.S.A. Gilbert Waite,
the current President of I.S.H.M., supported this
feeling by confirming his predictions, made at the
First European Conference held in Bad Homburg,
May, 1977, of a growth U.S. market figure to between
1.3 and 1.5 $B and a projected real growth for the
domestic market next year, of between 12 and 20%.
This is equivalent to a $ growth estimated at between
12 and 18%, although others felt that a gross average
of 20% per year was feasible.

Proceedings of the conference can be obtained
direct from:

I.S.H.M.
P O Box 3255
MONTGOMERY
Alabama 36109
U.S.A.

Price to be advised on application.

D. S. CAMPBELL
Dept. ofElectronic & Electrical Engineering

Loughborough University of Tectnology
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