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of the State of Delaware, United States of
America, of 13500 North Central Expressway,
Dallas, Texas, United States of America, do
hereby declare the invention, for which we
pray that a patent may be granted to us, and
the method by which it is to be performed,
to be particularly described in and by the
following statement: — :
This invention relates to contacts, for exam-
ple of the type utilised in tantalum film circuits
and, more particularly, to a contact arrange-
ment employing. a particular combination of
materials to provide improved electrical and

. mechanical characteristics for contacts, lands

20

25

and interconnections on glass or glazed insulat-
ing substrates.. ‘ B

In the manufacture of thin film circuits,
components such as resistors and capacitors
are formed by depositing resistive, conductive
and dielectric materials on a substrate which
may be glass or glazed alumina, for example.
Typically, the resistors would be composed
of tantalum in accordance with well-known
techniques. Active circuit components such as

" transistors may - be secured to the substrate,

or possibly may be formed by deposition of

layers of appropriate materials directly on to’

the substrate. In any event, a -problem which
has heretofore been of concern in the manufac-

" ture of these thin film devices is that of provid-

35

ing high mechanica] strength, low resistance,
external electrical connections to the deposited:
tantalum films or to the substrate itself. These
connections must be formed by  techniques
which are not detrimental to the circuit ele-
ments previously deposited on the substrate.
‘Attempts have been made to provide these
contacts by means of thermal setting metal
suspensions but these materials require high
temperatures for the setting operation if high-
strength, solderable contacts are to be made
to-the glass. Metal suspension films having

[én'ce 45. 5d.] - .

fih GvolilA Ebe easily separated from the
substrate to which it is applied. In this regard,
“high” temperatures refer to levels in the re-
gion of 400°C where thermosetting materials
must be cured. In contrast, it is necessary
to use much lower temperatures in the region
of 175°C. to avoid damage to the deposited
elements on the substrate. Generally, good con-
tacts to glass may be made at high tempera-
tures by conventional techniques, but an im-
portant feature of the present invention is that
low tempratures may be used. ’

It has been reported that evaporated chro-

mium-gold films perform the function of pro-
viding contacts and lands on glass or glazed
alumina and sputtered tantalum films. Here,
chromium is first vapour deposited or evapor-
ated in a thin film on to the substrate in the
positions -where . contacts or interconnections
ate needed. Then, a gold film is applied on top
of the chromium or intermixed to some extent
therewith, These chromium-gold contacts have
been found to be difficult to apply because of
the necessity of blending both metals to a cer-
tain composition during the vapour deposition
period. The blending establishes adhesion be-
tween the two metal films but reduces the
solderability of the contact and reduces the
mechanical strengths of the bond to the sub-
strate because of the insolubility of lead and
chromium, lead being present in the solder
used for making contact,

The present invention is concerned with the
provision of contacts to insulating substrates,
particularly glass-like substrates, with the con-
tacts being of high mechanical strength and
low electrical resistance while at the same time

being formed by techniques which are not in-~. ..

compatible with circuit elements which might
be formed on such substrates. The invention
is also concerned with the provison of im-
proved electromechanical contacts for tantalum
film circuits of the type wherein a glass, glazed
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By way of example, an embodlment of the
invention will be described in greater detail
with' reference to the accompanymg drawings,
in which: —

Figure 1 is a p1ctona1 view in section of
a contact arrangement made in - accordance
with this mventlon,

Figure 2 is an enlarged sectional view of
a portion of Figure 1; and

Figure 3 is a schemat:c representation of
apparatus for performing the method of this
invention.

With reference now to Figure 1, there is
illustrated a portion of a thin film circuit which
is formed on a substrate 10 which can be
composed of glass, glazed alumina or other
suitable vitreous material, One of the circuit
elements formed on this substrate is a resistor
11 which is composed of vapour-deposited tan-
talum and is a thin film of only a few thousand
angstrom units thickness. Other circuit compo-
nents such as additional 1esistors, capacitors,
etc. ‘may also be formed on the top surface
of this substrate but only this one resistor
is shown since it illustrates the use of contacts
in dccordance with this invention. On the top
surface of the substrate 10 there is selectively

_deposited at predetermined locations the mul-
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65

tilayered. contact' material. 'This material is
shown as formmg a pair of contacts 12 and
13 ‘fo opposite ends of the resistor 11 and,
in ‘addition, an interconnection 14 from the
contact 12 to a land 15, To this land 15
may be secured solder contacts (not shown)
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evaporatlon chamber_ is utilised and can in-
clude a bell jar 20 vacuum sealed to a base
plate 21 through which is coupled a conduit
22 to a vacuum pump. Within the evaporation
chamber is positioned a substrate holder 23
which has an open coil heater behind it. This
This substrate holder is mounted from the base
plate by means not shown. Over holes in the

cdhd

i tabl e

e,
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100

holder 23 may be placed one or more of the 105

1. These substrates are composed of glass or

glazed alumina, and would have thereon one
or more thin film tantalum resistors such us
the resistor 11 and one or more thin film
capacitors formed by conventional techniques
such as vapour deposition of tantalum, a di-
electric and ‘a conductor. It is important that
the process used to produce the contacts, lands,
etc., is not detrimental to these circuit compo-~
nents which have already been formed on the
substrates 10. The heater behind the holder
23 is energised by electrical current brought
in by conductors passing through the base plate
21 (not shown). This heating arrangement for
the substrates is utilised to bring the tempera-
ture of the substrates up to the proper level
to provide optimum adherence of the evaporat-
ed material to the substrates.

At positions spaced perhaps 10 inches below

the substrates there are provided a spiral evap-

oration coil 24 and a tungsten evaporation
boat 25. The coil and the boat may be sepa-
rately energised with electrical current by

‘means of conductors also going out through
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1s reduced down to a level within the v1c1n1ty-

of 10—5. Torr by means of a vacuum pump.
Next, the temperature of the substrates is
brought up to the.level of about 175°C. This
substrate temperature is chosen to produce the
optimum in reliability of solderable contacts
without ill effects on the adjacent elements
such as thin film capacitors. Generally, the
adherence of an evaporated metal film in-
creases with increasing substrate temperature

during evaporation. However, temperature

levels in excess of about 175°C are undesirable
in that the circuit elements already on the
substrates will be degraded. Now, with suitable
masks in place, the filament 24 containing the
alloy charge 26 is first energised, brought up
to a temperature sufficient to melt the charge
and then on to the evaporation range. Control
is accomplished by visual observation of the
deposition with the rate of deposition being
varied by changing the filament voltage. As
an example, about 600 milligrams of the Fe-
Ni-Co alloy may be placed in the filament
24 as the charge 26 with the filament about
10 inches from the substrates 10. This charge
will evaporate in a period of around one half-
minute. During the latter part of the _period
during which the charge 24 is evaporating the
boat 25 is energised so that the gold charge
27 is brought up to the melting range. As
the evaporation of the charge 26 terminates
the evaporation of the charge 27 begins. The
volume of the charge 27 may be approximately
the same as that of the charge 26 and the
time for evaporation would be of the same
order. After the deposition of the gold is com-
pleted, heating of the substrates is terminated
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WHAT WE CLAIM IS:—

1. A contact to a vitreous surface comprising
a first film of an iron-nickel-cobalt alloy con-
tiguous to said surface, the alloy and the vitre-
ous surface having compatible thermal
coefficients of expansion, and a second film
of a highly-conductive. metal overlying said
first film. -

2. A contact to a vitreous surface comprising
a first film of an iron-nickel-cobalt alloy adher-
ent to said surface, the alloy and the vitreous
surface having compatible thermal coefficients
of expansion, and a second film of highly-
conductive metal adherent to the first film
and intermixed therewith at the interface be-
tween the first and second films.

3. A contact to a vitreous surface as claimed
in claim 2, in which the highly-conductive
metal is gold.

4, An electrical device including a substrate
having a vitreous surface, a thin film of an
iron-nickel-cobalt alloy overlying said surface
and adhering thereto, the alloy and the vitreous
surface having compatible thermal coefficients
of expansion, and a thin coating of gold over-
lying said thin film.

5. A contact arrangement for a thin film
circuit of the type wherein a plurality of de-
posited electrical components are provided on
a vitreous substrate, said contact comprising
a first film adherent to said substrate and com-
posed of an iron-nickel-cobalt alloy having a
thermal coefficient of expansion compatible
with that of the substrate, and a thin film
?iﬁm gold overlying and adherent to said first

6. A thin film circuit device of the type
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be touched with any foreign matter before
putting the contacts on. In the interim between
tantalum sputtering and contact evaporation,
exposure to air should be avoided as much
as possible. Then, with clean -substrates 10
in place, the pressure within the bell jar 20
is reduced down to a level within the vicinity
of 10—S5. Torr by means of a vacuum pump.
Next, the temperature of the substrates is
brought up to the level of about 175°C. This
substrate temperature is chosen to produce the
optimum in reliability of solderable contacts
without ill effects on the adjacent elements
such as thin film capacitors. Generally, the
adherence of an evaporated metal film in-
creases with increasing substrate temperature
during evaporation. However, temperature
levels in excess of about 175°C are undesirable
in that the circuit elements already on the
substrates will be degraded. Now, with suitable
masks in place, the filament 24 containing the
alloy charge 26 is first energised, brought up
to a temperature sufficient to melt the charge
and then on to the evaporation range. Control
is accomplished by visual observation of the
deposition with the rate of deposition being
‘varied by changing the filament voltage. As
an example, about 600 milligrams of the Fe-
Ni-Co alloy may be placed in the filament
24 as the charge 26 with the filament about
10 inches from the substrates 10. This charge
will evaporate in a period of around one half-
minute. During the latter part of the period
during which the charge 24 is evaporating the
boat~25 is energised so that the gold charge
27 is brought up to the melting range. As
the evaporation of the charge 26 terminates
the evaporation of the charge 27 begins. The
volume of the charge 27 may be approximately
the same as that of the charge 26 and the

. time for evaporation would be of the same

order. After the deposition of the gold is com-
pleted, heating of the substrates is terminated
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test which means that in most cases the sgb-
strate m gix:hhsFlﬁ ;ﬁulni fragtyre pefore, the

it:
metal fi € substrate
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film ofl e conthcts @F @isMavention, copper
may also be deposited over the iron-nickel-
cobalt alloy to provide the function of low
resistance electrical connection. The Fe-Ni-Co
alloy itself has a fairly high electrical resistivity
and so the upper layer functions to lower the
overall resistance of the contact structure.

WHAT WE CLAIM IS:—

1. A contact to a vitreous surface comprising
a first film of an iron-nickel-cobalt alloy con-
tiguous to said surface, the alloy and the vitre-
ous surface having compatible thermal
coefficients of expansion, and a second film
of a_ highly-conductive. metal overlying said
first film, '

2. A contact to a vitreous surface comprising
a first film of an iron-nickel-cobalt alloy adher-
ent to said surface, the alloy and the vitreous
surface having compatible thermal coefficients
of expansion, and a second film of highly-
conductive metal adherent to the first film
and intermixed therewith at the interface be-
tween the first and second films.

3. A contact to a vitreous surface as claimed
in claim 2, in which the highly-conductive
metal is gold.

4. An electrical device including a substrate
having a vitreous surface, a thin film of an
iron-nickel-cobalt alloy overlying said surface
and adhering thereto, the alloy and the vitreous
surface having compatible thermal coefficients
of expansion, and a thin coating of gold over-
lying said thin film.

5. A contact arrangement for a thin film
circuit of the type wherein a plurality of de-
posited electrical components are provided on
a vitreous substrate, said contact comprising
a first film adherent to said substrate and com-
posed of an iron-nickel-cobalt alloy having a
thermal coefficient of expansion compatible
with that of the substrate, and a thin film
?iﬁm gold overlying and adherent to said first

&y

6. A thin film circuit device of the type
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or elenents having a part or parts overlaid
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13. A cont act to a vitreous surface,
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