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This invention relates to. adjustable resistors and
method of making the same and has for an object the
provision of improvements in this art.

One of the specific objects of the invention is to pro-
vide ‘an-adjustable resistor - which: can readily have its
resistance ‘decreased as well as increased.

Another- object is to provide a resistor which has a
good heat sink to maintain a uniform temperature and
resistance in use.

Anothsr object is to provide a metal backing plate with

- a-solder ‘connection to a. superposed -insulated resistor
to.hold the resistor fast at the point of connection.

Another object is to provide a. construction which is
subject to quick and easy resistance selection.

" Another object is to provide a simple and convenient
method of adjusting the resistance of a resistor.

Another object is to provide a resistor which can have
its resistance changed without affecting its.external con-
nections or the leads therefor.

The above and other objects and advantages of the
invention and various features of novelty will be apparent
from the accompanying description of an exemplary em-
bodiment; reference being made to the accomipanying
drawings wherein:

FIG. 1 is-a plan view of one form of resistor unit em-
bodying the invention;

FIG. 2 is'a cross-section of the resistor unit, the sec-
tion being taken on the line 2-—2 of FIG. 1; and -

FIG. 3is a plan view of another embodiment.

Resistors formed. of metal foils“or films have many
advantages over wire or other types: Among these ad-
vantages is an extensive surface for bonding to a sup-
porting body and for transferring heat to air or to an
adjacent heat sink such as a supporting plate or body.
Heat dissipation is-improved by having a thin insulating
layer support for the resistor; and a foil or film permits
an insulating layer of minimum thickness to be used-with
the least danger of rupture and short-circuiting.

Another advantage of the foil type resistor is the ease
in which the resistance value can be varied by thinning
or narrowing the elements of the pattern. Either chemical
etching or ‘mechanical reduction of the width or thickness
to increase the resistance are éasily accomplished. The
reduction in thickness which may be practically attained
with a foil resistor without impairing the “performance
of the resistor is about 30%.

Heretofore after a foil resistor’ was made, as by the
photographic pattern printing and etching: process;- it
could only have its initial resistance increased; it was
impossible to decrease its resistance. The present in-
‘vention makes it possible to decrease the resistance to any
desired extent and then, if desired, to increase the select-
ed resistance to attain a final resistance valve of high
accuracy.

With the herein described resistance. unit and method
it is . possible to achieve great economy and convenience
by making: resistor units of certain ranges and readily
bringing ‘them to specific precision resistance values for
use-or: sale. Thereby with a very small stock range it is
possible to supply an unlimited range of unit resistance
values.

As shown in the drawings, a resistor foil pattern or .
P

grid ‘18 is formed; as by a photographic printing and
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chemical etching process, and adhesively bonded to a thin
insulating layer 13; as of suitable plastic. The plastic
layer may follow the foil from its solid free Sheet shape
through its forming processes or may have the formed
foil pattern transferred to it after formation or at some
time during its formation. - An insulating layer of good
dielectric properties “and shape -stability throughout  its
range of use is very desirable and epoxy or glass fabric
have been found suitable. The insulation is one which
can be scraped off locally or punched through easily for
making a solder connection as will be describéd herein-
after.

The insulating layer 11 is secured, as by adhesive bond-
ing, to a metal sheet 12 of good electrical and heat con-
ductivity, -such as copper; aluminum or the like. For
some uses, as where the metal sheet is thick enough to
be an adequate heat sink for thé heat created in the use
of the resistor unit, the one metal sheet may be suffi-
cient; but herein it is shown to be relatively thin and to
be secured, with an intervening insulating layer 13, to
a heavier metal sheet or plate: 14 which provides a heat
sink of much greater capacity. If the resistor unit is in
service mounted on a metal base then this base will form
the heat sink. .

When desirable, the unit may be mounted and secured,
as by adhesive, on an msulatmg carrier sheet, plate or
substrate 15.

The resistor grid 10; at one end is provided with a lead
tab-16 and in service a lead 17 is connected, as by sol-
dering, to this tab. This lead may be connected in the
field; or, since the connection requires a delicate opera-
tion, a short lead of material heavier than the foil may
be connected at the time of manufacture.

To the metal sheet 12 there is secured, as by solder,
alead 18.  This connection is less delicate than the other
but, if désired, may be made at the timé of manufacture
and covered by insulation except at a protruding end.

To make a resistor unit of any selected resistance pos-
sible with ‘the initial grid or pattern.a spot is selected for
a predetermined resistance value along the elemenis of
the grid and the underlying insulation scraped away and
asolder connection 29 made between the grid element and
the metal sheet 12. Scale markers 21 may be formed
from the original foil sheet along with the grid to indi-
cate values along the pattern.

The sheet 12 is relatively so thick and so highly con-
ductive that it, in effect, forms a “direct electrical con-
nection -from its lead 18 to any point over its area at
which the connection 20 is made. ’

If a pointed soldering tool is used it may serve both
to rupture the insulation and to make the solder connec-
tion instead. of having to scrape away the insulation as
@ separate operation. A pointed soldering tool 22 is in-
dicated in broken lines in FIG. 2.

In some cases it may be desirable to connect a lead,
If
so, it is still desirable to make the solder joint through
the insulation from the resistor to the metal plate. This
provides a firm anchorage at this point,  Alternatively a
connection may be made to the metal plate by more
direct means such as mounting the plate on a conductor
or mounting a conductor on the plate.

A’ great variety of resistor units may be made by the
present invention. One other example is shown in FIG.
3 where leads 17’ and 18 are provided as before but
where the grid has a lead tab 264 and a lead 17a at
its other end and the connection 20’ divides the total
resistance of the grid into selected relative valuies as
before, the solder joint 28’ is useful as an anchor age for

‘the foil to a substantial body even if the lead 18’ is con-

nected directly to the foil instead of to the metal plate.
- After the solder connectlon 29 or 20’ has been made
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to establish the minimum resistance, selected to be
slightly lower than the desired final resistance value, the
resistance is increased up to the exact desired value by
decreasing the cross section of the active portion of the
pattern, - carefully measuring the resistance by instru-
ments as the adjustment proceeds. As stated above, the
cross section can be reduced in various ways. One sim-
ple way is to rub the top surface evenly with a light
abrasive like pumice or rouge with the finger tip or a
small rubbing tool. Skilled workers become very adept
at this operation even with resistors of very small size.

It is thus seen that the invention provides an improved
adjustable high-precision resistor and an improved method
of forming it. ‘

While one embodiment of the invention has been de-
scribed for purposes of illustration it is to be understood
that there may be various embodiments and modifications
within the scope of the invention.

What is claimed is:

1. A printed circuit resistor unit comprising in com-
bination, a foil resistor pattern, a thin plastic insulating
layer supporting and bonded to one side of said resistor
pattern, a continuous metal sheet bonded to the other
side of said insulating layer, said metal sheet being of
a material of good electrical and heat conductive ma-
terial to constitute a common potential area and heat sink,
an electrical conductor lead connected to said resistor
pattern, and a solder -connection between said resistor
pattern and ‘said metal sheet -through said thin plastic
insulating layer at a calibrated point spaced from the
lead connected on the pattern electrically connecting said
metal sheet to said electrical conductor lead with a por-
tion of said resistor pattern in series therebetween. -

2. A printed circuit resistor unit as set forth in claim
1, which further includes a heavier metal body bonded
to and insulated from said metal sheet to act as a heat
sink of greater capacity.

3. A resistor unit comprising in combination, a metal
sheet of negligible resistance, of good heat conductivity
and of sufficient thickness to constitute a good heat sink,
an insulation layer bonded to said metal sheet, a resistor
pattern bonded to the other side of said layer of insu-
lating material, said layer being very thin and easily
pierced, a solder connection between the pattern and
sheet, a conductor lead connected to said metal sheet,
and at least:one conductor lead connected to one end of
said pattern, the unit being adapted to have said solder
connection made between said pattern and said metal
sheet through said insulating layer at a selected point
along the pattern electrically connecting said metal sheet
and an electrical conductor lead on said pattern with a
portion of said resistor pattern in series therebetween.

4. A resistor unit comprising in combination, a metal
sheet, an insulation layer bonded to said metal sheet, 2
resistor pattern bonded to the other side of said insulat-
ing layer, said pattern being freely accessible on one side,
spaced leads connected to-said pattern; and a solder con-
nection between said sheet and pattern through said in-
sulating layer at -a point between the leads connected to
said pattern, whereby a connection to said sheet and one
of said leads defines a precision resistance path.

5. The method of making a resistor unit which com-
prises, bonding a flat foil resistor pattern having at least
one lead connection affixed thereto to one side of a metal
heat sink sheet with a thin sheet of insulation therebe-
tween, connecting a lead to said metal sheet, and making
an electrical solder connection between said resistor pat-
tern and said metal sheet through said insulation at a
measured point spaced from the pattern lead to connect
a portion of said resistor pattern between said pattern
lead and said lead on said metal sheet.

6. The method as set forth in claim 5, which further
includes the step of reducing a portion of the cross sec-
tion of the pattern between: the pattern lead and elec-
trical connection to make a fine adjustment in the re-
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sistance value by increasing it after the lead and elec-
trical connections have been made to establish an initial
minimum resistance in said pattern. '
7. The method as set forth in claim 5, which further
includes the step of comnecting two spaced leads to said

_pattern before the electrical connection is made and mak-

ing the elecirical connection at a selected point between
said leads. ‘

8. The method as set forth in claim 6, which further
includes the step of reducing the cross section of-the pat-
tern between one of said leads and said electrical con-
nection after the electrical connection has been made.

9. The method of making a resistor unit which coms
prises, forming on an insulating sheet a resistor. pattern
from a foil sheet by the photographic printing and chemi-
cal etching or milling process, bonding the foil pattern
and insulation to a metal conducting and heat sink sheet,
making lead connections to said metal sheet and pat-
tern, and making an electrical solder . connection from
said pattern to said metal sheet through said insulation
at a point spaced from a lead connected to the pattern.

10.. The method as set forth in claim 9 which further
includes the step of reducing a portion of the cross sec-
tion and increasing the resistance of the useful length
of the foil pattern by thinning it by abrasion on the fop
surface. ‘

11. The method of making precision printed circuit

. resistors which comprises the steps of: making a printed
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circuit type grid pattern on a thin calibrated insulation
layer mounted on an electrically conductive sheet, said
pattern having a resistance value greater than the desired
precision value, connecting a lead to said pattern, con-
necting ancther lead to said sheet, making a solder con-
nection through said thin insulation to- electrically con-
nect a point on said pattern with said sheet to define a
predetermined calibrated length of said grid pattern be-
tween said leads,.and reducing a portion of said cali-
brated length by abrasive action while carefully measur-
ing the resistance until a predetermined precision value
is reached.

12. The method of making a precision temperature
compensating printed circuit resistor which comprises:
forming a bonded laminate of a heat sink metal sheet,
a thin insulation layer, and a flat foil pattern resistance
grid; making at least two lead connections to said pattern
spaced apart to define a predetermined portion of said
pattern resistance grid; removing a portion of said re-
sistance -while simultaneously measuring the resistance
value until a desired precision value is obtained; and
making solder connections from said pattern resistance
grid- through said insulation layer to said metal sheet at
points along said grid outside said predetermined portion
of said pattren resistance grid.

13.- The method of making precision printed circuit re-
sistors comprising the steps of: making a flat thin printed
circuit- metal grid resistor on one side of an insulating
sheet, said insulation sheet having a metallic conductive
sheet bonded to the other side of said insulating sheet,
connecting leads to said conductive sheet and said printed
circuit, making a solder connection between a point on
said resistor and said insulating sheet by ‘piercing the
insulation, measuring the resistance of the path between
any pair of said leads, and increasing said measured re-
sistance by abrasive action removal of a portion of said
grid resistor.
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