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[57] ABSTRACT

A method of making a resistor comprising the steps of deposit-
ing resistor materials onto a substrate in the form of a film and
connecting conductors to the two ends thereof, wherein the
said resistor film is formed so that it includes a first part where
the current path between the said conductors is long and a
second part where the current path is short, and first and
second ditches are provided in the said first and second parts
of the resistor film in a direction crossing the direction of the
current so as to adjust the resistance between the said two
conductors to the desired values.

8 Claims, 8 Drawing Figures
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1
METHOD OF MAKING A FILM RESISTOR

This invention relates to a method of making a film resistor
and more particularly to a film resistor for a printed circuit:
wherein the resistance can be adjusted accurately and quickly.

Film resistors have conventionally been used for an in-
tegrated circuit device, a printed circuit and the like. Such
film resistors include thick film resistors which are formed, for
example, by printing, and thin film resistors which are made
by sputtering, vacuum deposition etc. onto an insulator and
distinguished from the former solely by film thickness.

In a miniature electronic device comprising such film re-
sistors, e.g., a hybrid integrated circuit or a printed circuit, Jtis
important to adjust the characteristics of the whole circuit.
Resistors are very often used for such adjustments. It is
frequently necessary in such cases to increase the value of the
resistance of the film resistor just after fabrication by three to
five times or more. In adjusting resistance values, with a con-
ventional resistor, there is employed a method called “-
trimming” wherein a ditch across the current path is provided
at a part of the resistor to make the effective width of the re-
sistor small and thereby increase the resistance. Though the
details are described below with reference to the accompany-
ing drawings, it was difficult to set the resistance value to a
desired value. Further, this method has an economic disad-
vantage and a disadvantage in the thermal characteristics of
the resistor because a large amount of resistor materials must
be eliminated to obtain a resistor having the desired value of
resistance.

An object of this invention is to provide a method of making
a film resistor having the desired value of resistance with a
high precision.

Another object of this invention is to provide a simple
method for the fine adjustment of the resistance of a film re-
sistor.

A further object of this invention is to provide a method of
making a film resistor having a desired value of resistance by
eliminating only a small amount of resistor materials.

There is provided according to an embodiment of this in-
vention a method of making a film resistor which comprises
the following steps. Firstly, a substrate having an insulating
surface is prepared. Then, there is formed on said surface a re-
sistive film which bridges the first and second electrodes and
comprises the first and second resistance paths. In this case,
the resistance of the said first resistance path must be made
larger than that of said second resistance path. Lastly, a part of
at least one of the said first and second resistance paths is
eliminated to adjust the resistance of the film resistor between
the said two electrodes to a' predetermined valve. When the
said resistor is provided in the predetermined circuit unit as
described above, the characteristics of the whole circuit can
naturally be adjusted.

Other objects, features and advantages of this invention as
well as the foregoing objects will become more apparent from
the following detailed description of the invention when taken
in conjunction with the accompanying drawings, in which:

FIG. 1 is a sectional view of an example of a conventional
film resistor taken along the line -1 of FIG. 2,

FIG. 2 is a plan view of the conventional film resistor shown
inFIG. 1;

FIG. 3 is a plan view showing an embodiment of a film re-
sistor according to this invention;

FIG. 4 is a diagram showing the relation between the length
of the ditch and the adjusted value of the resistance of a film
resistor; and

FIGS. 5a to 5d and plan views showing the other embodi-
ments of a film resistor according to this invention.

For a better understanding of this invention, a conventional
example will be described. A film resistor is shown in FIGS. 1
or 2, wherein a resistive film 2 is formed on the insulating sur-
face of a semiconductor or insulator substrate 1 and electrode
conductors 3 and 4 are connected to the two ends of the re-
sistive film 2,

Such a resistor has widely been used as a component for an
integrated circuit, etc. )

20

25

30

35

40

45

50

55

60

65

70

75

2

When the original value of the resistance has to be in-
creased by three times for example, the length of the ditch § is
made to be two-thirds W as shown in FIG. 2 so that about one-
third of the resistor width W remains. Now, the rate of in-
crease of the resistance actually adjusted rises rapidly as the
length of the ditch § approaches the width W of the resistor as
shown by curve 41 of FIG. 4. Accordingly, fine adjustment of
the resistance value becomes extremely difficult as the ditch 5
becomes longer.

Further, the maximum allowed power of the resistor is
limited by the permitted temperature rise of the resistor which
depends.on the thermal conductivity of the substrate, the ratio
of the effective area of the resistor to the total area of the sub-
strate and the cooling mechanism employed. Therefore, if a
relatively large amount of resistor material is eliminated to ob-
tain a large resistance, the effective area of the resistor
decreases. Thus, heat dissipation is not facilitated and the
maximum power allowed decreases.

Now, embodiments of this invention will be described in
detail.

FIG. 3 is a plan view of a film resistor according to an em-
bodiment of this invention. In the figure, 11 is a substrate
made e.g. of ceramics on which the film resistor is mounted,
12 is a quadrilateral resistive film made e.g., of tantalum, an
alloy of nickel and chromium, cermet, etc., which is deposited
on the said substrate by printing, vacuum deposition, cathode
sputtering, etc. and which has an oblique side 17 such that the
length in the current path direction is larger in one part and
smaller in the other, and 13 and 14 are a pair of electrode con-
ductors formed so that a part thereof is folded on the each end
of the resistive film 12. As to their fabrication, either the elec-
trode conductors 13, 14 or the resistive film 12 may be formed
in advance, then ditches 15, 16 are formed,

In making such a resistor, since the length of the resistor is
made larger at one part and smaller at the other, therefor the
resistance is large on one side and becomes smaller towards
the other side, the rising characteristic of the resistance by
means of a ditch depends upon the position of the ditch. The
value of resistance R in the trapezoidal resistor shown in FIG.
3 is derived approximately from the following formula:
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resistivity (resistance between the opposite sides in a square
region having unit area and unit thickness), / is the minimum
length of a resistor in the direction of current, W is a width of a
resistor measured perpendicular to the direction of current,
AW is a small width when the resistor width W is divided into

parts, tan 8=1["/W and Ro= (psl/(W). ]

As is evident from the above formula, it is important to
select the angle 6 appropriately and a value ranging from
about 20° to 70° is preferable in practice, namely, an angle of
110°-150° with respect to the side crossing the ditch 185. It is
desirable to form the ditches, which are to be provided in the
said resistive film, in both sides between the conductors 13
and 14 as shown in FIG. 3, but they may be formed in either
one side or the center of the resistor in a direction crossing the
direction of the current.

FIG. 4 shows the relation between the adjusted value of re-
sistance and the length of the ditch when the ditches are
formed on both sides of the trapezoidel resistive film 12 as
shown in FIG. 3. In this case, the width of the ditch in the
direction of the current flow hardly contributes to the change
of resistance. Namely, curve 42 shows the value of resistance
when the ditch 15 is provided from the side of the shorter cur-
rent path of the resistor and curve 43 shows the value of re-
sistance when the ditch 16 is formed from the side of the
longer current path. In the figure, 42 indicates a rate of in-
crease nearly proportional to the length of the ditch while 43
indicates a gentler rate of increase than curve 42 until the
ditch becomes quite long,
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Accordingly, in the adjustment of the value of resistance, an
adjusted value of resistance nearly equal to the desired one is
first obtained by providing a short ditch 15 from the side of the
short length by sandblasting, etc. Then, by providing a ditch
16 from the side of large length, fine adjustment of resistance
is carried out so as to make the adjustment error smaller.
Thus, in this embodiment, fine adjustment of resistance is
made possible by forming a resistor having a plurality of parts
different in resistance and providing ditches therein. Further,
the adjustment of the ditch length in trimming becomes easier
and the time for trimming becomes shorter.

When the ditches are formed at the center of the resistive

" film 12, the value of resistance is first roughly adjusted by
forming a ditch in a direction crossing the direction of current
towards the part where the inter-conductor distance is shorter
and then the fine adjustment is carried out by forming a ditch
into a direction towards the part where the inter-conductor
distance in longer.

FIG. 5 shows various forms of resistive film regions of film
resistors according to this invention, wherein the same parts as
in FIG. 3 are denoted by the same numerals. The resistor
shown in FIG. 5a is formed by setting one of the two elec-
trodes 14 at a part of one side and providing a resistance path
having a relatively low resistance at the part sandwiched by
the electrodes 13 and 14 under the dotted line. FIG. 5b shows
a resistor wherein the two ends of the resistive film are formed
obliquely. FIG. 5¢ shows a resistor wherein one end of the re-
sistor film is formed into a step form and the region sand-
wiched by the dotted line and the side having the ditch 15 pro-
vides a low resistance path. FIG. 54 shows a parallelogram re-
sistor wherein the position of the ditches 15, 16 is asymmetri-
cal. Accurate adjustments of the value of resistance is possible
in these resistors for the same reason as described
hereinabove. In the resistor shown in FIG. 5d, the region sand-
wiched by the two dotted lines forms a low resistance path.
Thus, in order to obtain an L-R characteristic as shown by
curves 42, 43 of FIG. 4, it is necessary to provide the ditches
15, 16 asymmetrically as Shown in FIG. 54.

In the embodiments described hereinabove, there is
described a method of making a plurality of resistance paths
different in resistance wherein the inter-electrode distance is
made different by planar forms, but other methods may also
be employed if necessary, such as a method wherein resistivity
is changed while the distance is unchanged or one wherein the
distance is changed by three-dimensional forms.

I claim:

1. A method of making a film resistor comprising the steps
of preparing a support substrate including an insulating prin-
cipal surface, a pair of electrode conductors provided on said
principal surface and a resistive film which bridges said pair of
electrode conductors and includes a first resistance path and a
second resistance path having a larger resistance than that of
said first path; and adjusting the value of resistance of said re-
sistive film between said pair of electrode conductors to a
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desired value by eliminating at least a part of at least one of
said first and second resistance paths.

2. A method according to claim 1, wherein said value of re-
sistance is finely readjusted by eliminating a part of said
second resistance path after the value of resistance is roughly
adjusted by eliminating a part of said first resistance path.

3. A method of making a film resistor comprising the steps
of preparing a support substrate having an insulating principal
surface, forming on said principal surface a polygonal resistive
film region having two sides different in length and first and
second peripheral parts sandwiched by said two sides, setting
first and second electrodes to each of said first and second
peripheral parts, forming a first ditch going into said resistive
film region from the shorter one of said sides to adjust the
value of resistance between said two electrodes, and forming a
second ditch extending into said resistive film region from the
longer side facing said shorter side to readjust the value of re-
sistance between said two electrodes.

4. A method of making a film resistor comprising the steps
of preparing a support substrate having an insulating principal

surface, forming a trapezoidal resistive film region on said
principal surface, setting first and second electrodes on the
two sides opposing in unparallel relation, and forming a ditch
into said resistive film region from at least one of the two
parallelly opposing sides of said resistive film region thereby to
adjust the value of the inter-electrode resistance. )

5. A method according to Claim 4, wherein said inter-elec-
trode resistance is readjusted by forming a second ditch into
said resistive film region from the longer one of the two paral-
lel sides after said inter-electrode resistance is roughly ad-
justed by forming a first ditch into said resistive film region
from the shorter side opposing said longer side.

6. A method according to claim 5, wherein the angle
between the edge of said resistive film extending from said
shorter side to said longer side and an edge of said film ad-
Jacent to said shorter side lies in the range of about 110° to
160°.

7. A method of making a film resistor comprising the steps
of:

preparing a support substrate having an insulating principal

surface;

forming a resistive film region on said principal surface hav-

ing a first set of two parallel sides;

setting first and second electrodes on the two sides opposing

in parallel relationship; and

forming a ditch into said resistive film region from at least

one of two additional paralle] opposing sides.of said re-
sistive film region which are inclined with respect to said
first set of parallel sides,

whereby the value of the inter-electrode resistance is ad-

justed. .

8. A method according to claim 7, wherein said resistive re-
gion includes an area of low resistivity disposed between said
first set of two inclined parallel sides.
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