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Tantalum-based materials and process developments have increased the use of tantalum films, combined with silicon
integrated circuits, to form hybrid integrated circuits which can meet the demands of telecommunication systems.
This paper, after a historical review, describes the status of tantalum thin film technology used at Telettra in the
implementation of circuits for telecommunication equipment. In particular, this paper focusses on the efforts
devoted to the improvement of the -Ta capacitor process in terms of yield and reliability for RC active filter
realization. The results of a new Ta O -# Ta deposition process, where a TaO layer is first formed by d.c.
reactive sputtering in oxygen in the same vacuum batch where the -Ta film is sequentially formed, are given.

1. INTRODUCTION

Twenty years after the first investigations of thin film
materials used in microelectronics, thin film technol-
ogy has reached a remarkable stage of development
and application especially in telecommunication.

The basic reason is to be found in the comple-
mentary characteristic of thin film technology with
respect to semiconductor integrated circuits. Thin
film technology has limited applications in the field
of active components, typical of semiconductor
technology, but it is suitable for implementing
resistors and capacitors with peculiar characteristic,
range of values, temperature coefficients, stability
etc., which would not be easy to achieve with semi-
conductor integrated circuit technology. The first ten
years of thin film technology have been characterized
by the study of film properties and by the implemen-
tation of discrete components; in the following ten
year period the development of applications has taken
over the outcome of which being circuits having
several R and C components on one substrate and,
in general, hybrid circuits of remarkable complexity.

In the last few years efforts have been orientated
towards the improvement of industrial processes as
well as towards cost reduction as a consequence of
the trend in international economy; for example, the
degree of miniaturization in hybrid integrated
circuits has increased and the use of highly priced
metals has been limited.

If the NiCr and Ta technologies are considered,
and thee represent the trend followed by the

majority of manufacturers in the field of thin film
hybrids, the following can be observed.

From early studies on Cr, as thin film material
for resistors because of its high vapour tension and
resistivity, and on NiCr because of the property of
resistivity and temperature coefficient of such thin
film alloy,2 ,3 new deposition techniques have
developed together with improved processes which
have led to new NiCr thin film resistors with
repeatable electrical characteristics and low tempera-
ture coefficient as required in professional circuits.
Ta technology has developed essentially from the
"Bell Labs" where Basseches4 obtained in 1957 the
first resistive film of Ta by means of cathode sput-
tering. In the same year Berry ,6 began research on
the technology which eventually led to the invention
of Ta thin film capacitor. From then on a vast
research and development program was carried on
in the Bell Labs and in other research institutions in
the USA, Japan, Europe, etc.

As a result of studies on the effect of such
elements as N, C, O on the structure and electrical
properties of films as resistors, the development of
Tantalum Nitride,7 as the most suitable film for
resistors, took place due to its characteristics of
resistivity, temperature coefficient, stability etc.
A deeper knowledge of sputtering techniques led to
the development of "Low Density Ta" for high
resistivity films.8 Films deposited with N2 and 02
reactive sputtering led to simultaneous implementa-
tion of RC groups temperature compensated by
virtue of variation of the film TCR in such a way as
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to balance out the capacitor coefficient (TCC).9

The research on RC integrated networks led to the
development of Ta-A1 alloy films which provides high
value resistors with high stability and low TCR. o ,11

As for Ta thin film capacitors their TM structure is
at the basis of a high degree of accuracy, stability,
of repetitive TCC and dissipation factor which makes
them suitable for active RC hybrid integrated circuits.
Moreover, the need of miniaturizing, hence of
increasing the sheet capacitance, has led to the develop-
ment of the TMM z structure where, thanks to self-
healing properties of materials such as manganese
dioxide, and lead dioxide, the influence of the draw-
backs of tantalum pentoxide have been balanced out,
especially for small dielectric thickness.

The study on the N, C, O effect on Ta, with respect
to stability has brought to capacitors high quality in
terms of leakage current, yield, breakdown voltage,
realized with/3-Ta N2 doped films, 3 Also, the
behaviour at high temperature of capacitor TCC,
dissipation factor, capacitance variation etc. has
been optimized. 4 Besides a presentation of the
state of Ta thin film technology in Telettra, the
present work reports some results obtained in the
first production exercise of/-Ta capacitors used in
the implementation of RC active filters; it also
describes the efforts produced towards the
improvement of the fabrication process in terms of
yield and reliability.

In particular, the deposition process of Ta20s-
Ta films is described where a tantalum pentoxide

layer is first formed by d.c. reactive sputtering in
oxygen in the same vacuum batch where the -Ta film
is sequentially formed.

2. STATUS OF RESISTOR AND
CAPACITOR PROCESSES IN TELETTRA

Ta thin film technology has been used at Telettra in
the implementation of circuits for telecommunication
equipment for about 10 years. Resistors are realized
both with tantalum nitride films and tantalum
oxynitride films depending on the required charac-
teristics. Capacitors mostly make use of structures
made of/Ta-Ta20s-NiCr + Au; the interdigitated
structure is also used in some applications.

2.1 Resistors

Tantalum nitride resistors are adopted in digital,
analog, and microwave circuits. Film deposition is
by means of reactive sputtering on both glazed and
unglazed alumina substrates, with 50 f/sq, sheet
resistance.

Tantalum oxynitride resistors are used for
temperature compensated RC active filters. They are
deposited by means of reactive sputtering with
100 2/sq. sheet resistance and feature about
-200 ppm/C TCR which balances out the TCC of
the capacitor. Sequence NiCr, Au, as well as Ti, Pd,
Au is used for conductors; the latter is used in hybrid
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FIGURE Yield of Ta thin film capacitors in pilot production. 50 V, 125C, 30 minutes test.
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circuits with beam leaded active components where,
as a general rule, the working or process temperature
is high.

As for microwave circuits the microstrip thickness
is increased with an electrochemical process up to a
few micron. For the adjustment of resistors to their
final value, the anodizing process is used. Equipment
has been produced in which all resistors contained
in one 2" x 2" substrate may be anodized in a few
seconds. Circuit scribing is obtained with a CO2 laser
system featuring 100 Wcw output power.

2.2 Capacitors

Ta thin film capacitors are produced using standard
overlap, interdigitated and bipolar interdigitated
designs to meet the required circuit characteristic
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FIGURE 2 Leakage current distribution of 0.36 cm
Ta-film capacitors formed at 230 V.

TABLE
Comparison of original and new processes for deposition of

Ta Os-/Ta layers

Original process steps New process steps

Substrate cleaning Substrate cleaning
Sputter #-Ta film Sputter Ta Os-#Ta films
Thermally oxidize/3-Ta film
Substrate cleaning
Sputter #-Ta film

such as capacitance values, dissipation factor etc.
The standard TM structure is primarily used for the
production of RC active filters temperature com-
pensated with tantalum oxynitride resistors.

/3-Ta films are sputtered on glazed aluomina
substrates to a thickness of about 4000 A.
A tantalum pentoxide layer is used to protect the
glazed substrate from subsequent hydrofluoric acid
etchants. The tantalum oxide dielectric is produced
by a conventional process using anodic oxidation at
room temperature in 0.01% aqueous citric acid
electrolyte, at a current density of 0.3 x 10-3 A/cm2

Formation voltage of 230 V and soak time of h
are used. Nichrome-gold counterelectrodes, about
2000 A thick are evaporated using filament
evaporation sources. Equipment has been developed
to control capacitance value and dissipation factor
and to make a screening test at 50 V for minute of
capacitors arrays by on-line computer, for high
production rates.

3. A NEW APPROACH FOR
CAPACITOR PRODUCTION

Production of Ta thin film capacitors is likely to be
affected by yield problems, especially for high
capacitor values.

Figure shows the results of a pilot production
line of a batch of 3500 Ta film capacitor networks
with 56 nF/cm2 sheet capacitance, made up of four
equal capacitors for a total of 80 nF. Data are
referred to a condition whereby arrays can stand a
screening test of 50 volts at 125C for 30 minutes
without catastrophic breakdown. The same figure
shows yield results of the single 20 nF capacitor as
an array component. Data show in terms of yield
the price necessary to realize high value capacitors.

The average yield value drops from about 85% to
about 60% when the capacitor value rises from
20 nF to 80 nF, in the condition of 50 V, 125C for
30 minutes. Process control has indicated the factors
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TABLE II
Economic advantages of TaOs-Ta sequential deposition

using a bell jar batch system

Cycle-time reduction 40%
Yield increase 10%
Thin film capacitor cost reduction 15%

responsible for the large yield variation among
batches of capacitors; these factors are often super-
ficial irregularities of the glazed substrates or caused
by handling, and impurities left over after cleaning
processes, especially at interfaces between Ta-Ta20s,
Ta2 Os NiCr + Au. In order to improve yield and
reliability efforts have been concentrated towards the
reduction of the above mentioned factors by means
of modifications in the fabrication process.

In particular, the process of Ta20s-3Ta film
deposition has been simplified by means of sequential
deposition within the same vacuum cycle. Also a
thick layer of photoresist material has been used,
deposited immediately after the definition of counter-
electrode geometry, in order to protect the
capacitors during the operation of testing, scribing,
snapping, soldering etc. The layer is removed just
before the final encapsulation.

In the new process a tantalum pentoxide layer,
used to protect the glazed substrate from subsequent
hydrofluoric acid etchants is formed by d.c. reactive
sputtering in oxygen in the same vacuum batch
where/3-Ta film, about 4000 A thick, is sequentially
formed by d.c. sputtering.
A comparison of the original and new proceszes

is shown in Table I. In regard to time and cost
reductions and to yield increase, some process-steps
and non productive time of the sputtering cycle have
been eliminated. The results, using a 71 cm

commercially available diffusion pumped vacuum
system, are given in Table II. Sheet resistance,
resistivity and TCR values of -Ta films, formed by
d.c. sputtering on glazed substrates using the new
Ta20s-/3Ta deposition process, are reported in
Table III.

An oxygen doped Ta layer, about 500 k thick is
formed at the Ta: Os-/3Ta interface as shown by TCR
behaviour with film thickness. The capacitors proper-
ties are similar to those obtained from a standard
process. The 50 V, R.T., leakage current distribution
of 20 nF capacitors, evaluated on about 5,000
samples, is shown in Figure 2. Data of aging test at
different voltage-temperature values show a good
behaviour of capacitors formed in this manner, with
respect to the original process and related reliability.

4. SUMMARY AND CONCLUSIONS

Tantalum-based materials and process developments
have increased the use of tantalum films, combined
with silicon integrated circuits, to form hybrid
integrated circuits which can meet the demands of
telecommunication systems. The RC active networks
temperature compensated using resistor-capacitor
technology on a single substrate, is one major
application of tantalum thin film technology. In the
past few years the search for greater economies has
led to circuit miniaturization and to replacement of
precious metals for less costly circuit metalizations.
In order to improve the capacitor yield and reliability
for RC active filters, temperature compensated in
the production of Telettra telecommunication
systems, a new process has been developed for
depositing Ta: Os-flTa films by sputtering. In this
process a Ta20s layer, used to protect the glazed

TABLE III
Sheet resistance, resistivity and TCR of -Ta films sequentially deposited

on to reactive sputtered Ta O

TCR (ppm/C)
Runs R/sq. (/sq.) p(/d cm) (-196C to 25C)

4.5 209 -146
2 4.8 213 -134
3 4.7 209 -132
4 4.7 208 -128
5 4.4 200 -105
6 4.6 204 114
7 4.7 207 -132
8 4.7 212 -140
9 4.7 210 -130
10 4.5 201 -100
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substrate from subsequent hydrofluoric acid etchants,
is first formed by d.c. reactive sputtering in oxygen
in the same vacuum batch where/-Ta film is
sequentially formed. The processing innovation has
proven to be valuable for capacitor production,
resulting in economy of labor in handling,
processing and in increased yield. The initial proper-
ties as well as the long term behaviour of capacitors
formed in this manner are typical of a standard
capacitor process.
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