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ABSTRACT: A method of forming a low current noise, thin
film resistor having a thin electroconductive or resistive film
applied to a dielectric substrate with a portion of the film
thereafter being removed so as to increase the length to width
ratio thereof. The method includes the step of rubbing,
smoothing, or polishing the edges of the remaining film sur-
rounding the area where said portion was removed with a rub-
berlike member whereby resistor current noise is significantly
decreased.
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METHOD OF MAKING LOW NOISE FILM RESISTORS
AND ARTICLE

BACKGROUND OF THE INVENTION

Electrically condictive films of metal oxide are quite well
known and have come into extensive use in connection with
forming resistors within microcireuits, resistor modules, and
the like. There are many inherent difficulties in the deposition
and patterning of thin film resistors resulting in out of
tolerance resistance values. Consequently, such resistors_are
formed with films having resistance values less than ultimately
desired, which films are thereafter adjusted or tailored by in-
- creasing the resistance thereof to the desired value, The re-

sistance of thin film resistors may be increased by decreasing
the film thickriess or by increasing the length to width ratio
thereof, o ‘

The most common way of increasing the resistance is by in-
creasing the length to width ratio, Some prior art methods of
tailoring the resistanice included forminga photographic mask
over the film and thereafter removing a portion of the film
around the mask. Another method is that described in U.S.
Pat. No. 3,284,878 issued to Gary R. Best wherein a resist is
applied-over the film'and thereafter a portion of both the resist
and the.film are removed by sandblasting. Other methods in-
clude direct sandblasting of the film or removai thereof by
passing high current through localized areas thereof,

It has been found that a resistor formed in accordance with
such methods has a resistor current noise of high value. As
used herein, resistor current noise is defined as unwanted or
undesired resistance fluctuations between the resistor ter-
minals while a constant flow of current is passed through the
conductive portion of said resistor within a frequency band,
the value of the intensity of the disturbarnce being expressed in
decibels:

SUMMARY OF THE INVENTION

It is an object of the present invention
for economic and rapid adjustmerit of resistarice of thin film
Tesistors where the current noise value thereof is low without
deleteriously affecting the remaining film. )

Brbadly, in accordance with this invention a method of
forming Tow noise, thin' film resistors is provided comprising
the steps of applying an électroconduclive film having are-
sistance ‘value less than a predetermined desired value on a

dielectric substrate, removing a portion of said film to increase
thereof, and thereafter rubbing,

the length to width ratio
smoothing or polishing the edges of the remaining film sur-
rounding the area where said portion was removed with a rub-
berlike member.

BRIEF DESCRIPTION OF THE DRAWING'

FIG. 1 is a plan view of a dielectric substrate with a film re-

sistor applied thereon,
FIG. 2 is a plan view of the substrate and resistor of FIG. 1
after the resistance value of the resistor has been adjusted.

FIG. 3 is a diagrammatic illustration of an apparatus by

means of which the cut edges of the resistor film are rubbed

and polished. ) ‘
FIG. 4 is an obliqué view of a film resistor formed in ac-
cordance with the method of this invention.

DETAILED DESCRIPTION

In FIG. 1 there is shown a dieléc;ric Substrate 10 having ap-

plied thereon an electroconductive or resistive film 12 which _

to provide a method ,:
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ide, tin oxide-antimony oxide, other modified tin oxide films
or the like. Suitable dielectric substrate materials are glass,
glass ceramics, ceramics, and the like.

The resistance of film 12 is adjusted or tailored as illystrated
FIG. 2 by removing a portion thereof whereby the length to
width ratio of the film is increased resulting in a resistor ele-
ment 16 having a predetermined desired resistance. One suita-
ble method for removing a portion of the resistive film is by
directing a controlled sandblast stream of abrasive particles to
the resistive film whereby the particles will abrade and remove
the film in the path of the stream, The flow of sandblast parti-
cles and movement of the emitting nozzle may be controlled
by a controller which is connected to terminals 14. When an -

.area of electroconductive film 12 has been removed sufficient

to adjust the film resistance to a predetermined value, the con-
troller would stop the flow of particles and stop.the movement
of the sandblast nozzle. Such a controller is not shown and
does not form part of this invention and any controlling means
responsive to the resistance of the film and capable of regulat-
ing the amount of the film which is removed is suitable for the
purposes of this invention. A suitable means can be readily

‘selected by one familiar with the art.

The cut edges of the resistive film surrounding the area
where the portion of the film was removed is then further
treated by rubbing, smoothing or. polishing these edges with a
rubberlike member 18. It has been found that such rubbing,
smoothing, or polishing significantly decreases the current
noise. of resistor element 16. The exact reason why this
decreased current noise is achieved is not known, however, it

a result of removing the loose microscopic
particles of resistive film which may not have been removed
while the resistor was being tailored. Further, it is believed’
that such rubbing or polishing also smoothes these edges les-
sening the current noise-creating effect of any irregularities
which may be found at the cut edges of the film. Rubberlike
member 18 may be formed of natural or synthetic rubbers,
such for example as those which may suitably be formed into
erasers, or may be any soft resilient or elastic material suitable
for polishing or buffing, such as plastics, felt, and the like. As
in the case of an eraser, the rubberlike materia} may contain
abrasive particles. Member 18 may be rubbed back and forth
along the edges where the film was removed or may be rotated
as illuStrate_d in FIG. 3 by means of rotating device 20. Such a
device may be an ordinary electric eraser motor or the like.

A typical example of carrying out the present invention s il-
lustrated by the following. An electroconductive film of the
type , described in. the heretofore noted Machel patent,
together with a pair of copper terminals in electrical contact
with said film were applied to a hot-pressed alumina substrate.
A sharp edge orifice nozzle was employed as a sandblast noz-
zle and was disposed above the electroconductive film at such
a distance that the stream of particles to be emitted from the
nozzle. would. form a very thin controlled stream. The sand-
blast stream may comprise aluminum oxide powder and dry
air at a pressure of about 100 pounds per square inch. The
nozzle was moved along the entire path for a distance suffi-
cient to increase the length to width ratio of the electrocon-
ductive. film to a predetermined desired value. An’ ordinary
draftsman’s electric eraser was trimmed to a relatively small

- diameter and caused to. be .rubbed along the cut edges of the
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forms the resistance ‘element. Resistor terminals 14 are also.

applied on said substrate in electrical contact with film 12. For
one example of a suitable’ élcctroconduc'give film, its charac-
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teristics, and method of application, réfercnce is made to U S, )

Pat. No. 2,564,706 issued to John M. Mochel. The electrocon-
ductive ‘or resistive films suitable for the purposes of the
presentinvention are hard metallic oxide films such as tin ox-
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film within the area where the film was removed while it was
being rotated. It was found that the current noise value of such
adevice was decreased from — 10 decibels to —30 decibels.

FIG. 4 illustrates the completed device of the present inven-
tion. e . . ’

It should be noted that the present method is suitable with - -
the types of electroconductive or. resistive films- described
hercin. When the resistive and electroconductive film is rela-
tively soft, that is one that. tends to smear or be readily
removed, the present method would be inoperative. As
heretofore noted, the present method applies only to relatively
hard electroconductive or resistive films such as those illus-
trated hereinabove.
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Although the present invention has been described with
respect to specific details of certain embodiments thereof, it is
not intended that such details be limitations on the scope of
the invention except insofar as set forth in the following
claims.

' We claim:

1. In the method of forming a low noise, thin film resistor
comprising the steps of applying an electroconductive film
having a resistance less than a predetermined desired value on
a dielectric substrate, and thereafter removing a portion of
said film to increase the length to width ratio thereof, the im-

" provement comprising Tubbing the edges of said film at the

10

15

20

25

30

35

40

45

50

55

60

65

70

75

4

portion surrounding region thereof with a rubberlike member,
so that current noise of said resistor is reduced.

2. The method of claim 1 wherein said rubberlike member is
composed of material selected from the group consisting of
natural and synthetic rubbers.

3. The method of claim 1 wherein said step of applying an
electroconductive film comprises applying a hard metallic
oxide film. .

4. The method of claim 3 wherein said step of applying a
hard metallic oxide film comprises applying a tin oxide film,

5. The article produced by the method of claim 1.




